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METHODS AND APPARATUS FOR DETECTING AND REACTING TO
INSUFFICIENT HYPOGLYCEMIA RESPONSE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This PCT application claims the benefit of, and claims priority to: United States
Patent Application Serial Number 15/410,611, filed January 19, 2017, which is a non
provisional of United States provisional patent application serial number 62/417,843, filed
November 4, 2016; and the content of the applications cited above is incorporated by

reference herein.

TECHNICAL FIELD

[0002] Subject matter disclosed herein relates to monitoring and/or controlling blood

glucose levels in patients.

BACKGROUND

[0001] The pancreas of a normal healthy person produces and releases insulin into the
blood stream in response to elevated blood plasma glucose levels. Beta cells (B-cells),
which reside in the pancreas, produce and secrete insulin into the blood stream as it is
needed. If B-cells become incapacitated or die, a condition known as Type 1 diabetes
mellitus (or in some cases, if B-cells produce insufficient quantities of insulin, a condition
known as Type 2 diabetes), then insulin may be provided to a body from another source to

maintain life or health.

[0002] Traditionally, because insulin cannot be taken orally, insulin has been injected
with a syringe. More recently, the use of infusion pump therapy has been increasing in a
number of medical situations, including for delivering insulin to diabetic individuals. For
example, external infusion pumps may be worn on a belt, in a pocket, or the like, and they
can deliver insulin into a body via an infusion tube with a percutaneous needle or a cannula

placed in subcutaneous tissue.
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[0003] As of 1995, less than 5% of Type 1 diabetic individuals in the United States
were using infusion pump therapy. Presently, over 7% of the more than 900,000 Type 1
diabetic individuals in the U.S. are using infusion pump therapy. The percentage of Type 1
diabetic individuals that use an infusion pump is growing at a rate of over 2% each year.
Moreover, the number of Type 2 diabetic individuals is growing at 3% or more per year,
and growing numbers of insulin-using Type 2 diabetic individuals are also adopting
infusion pumps. Additionally, physicians have recognized that continuous infusion can
provide greater control of a diabetic individual’s condition, so they too are increasingly

prescribing it for patients.

[0004] A closed-loop infusion pump system may include an infusion pump that is
automatically and/or semi-automatically controlled to infuse insulin into a patient. The
infusion of insulin may be controlled to occur at times and in amounts that are based, for
example, on blood glucose measurements obtained from an embedded glucose sensor in
real-time. Closed-loop infusion pump systems may also employ the delivery of glucose
and/or glucagon, in addition to the delivery of insulin, for controlling blood-glucose levels

of a patient (e.g., in a hypoglycemic context).

BRIEF SUMMARY

[0005] Some embodiments of the present disclosure provide a method for providing
blood glucose data. In response to a suspension of a continuous basal insulin delivery, by
an insulin delivery pump, the method identifies a condition indicating continuing
hypoglycemia that continues when basal insulin delivery is suspended; and performs an

action, by the insulin delivery pump, based on identifying the condition.

[0006] Some embodiments of the present disclosure provide a system for providing
blood glucose data. The system includes an insulin delivery pump comprising a glucose
delivery system, a glucagon delivery system, an insulin delivery system, and a glucose
sensor system; and a controller comprising a system memory element and at least one
processor, the controller communicatively coupled to the insulin delivery pump, and the
controller configured to: in response to a suspension of a continuous basal insulin delivery,

by the insulin delivery pump, identify a condition indicating continuing hypoglycemia that
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continues when basal insulin delivery is suspended; and initiate performance of an action,

by the insulin delivery pump, based on identifying the condition.

[0007] Some embodiments of the present disclosure provide an insulin delivery pump
comprising a non-transitory, computer-readable medium containing instructions thereon,
which, when executed by a processor, perform a method. The method predicts a
hypoglycemic condition that is not rectifiable by suspending a continuous basal insulin

delivery; and presents an alert, based on the hypoglycemic condition.

[0008] This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the detailed description. This summary is not
intended to identify key features or essential features of the claimed subject matter, nor is

it intended to be used as an aid in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete understanding of the subject matter may be derived by
referring to the detailed description and claims when considered in conjunction with the
following figures, wherein like reference numbers refer to similar elements throughout the

figures.

[0010] FIG. 1 is ablock diagram of a closed loop glucose control system in accordance

with an embodiment;

[0011] FIG. 2 is a front view of closed loop hardware located on a body in accordance

with an embodiment;

[0012] FIG. 3A is a perspective view of a glucose sensor system for use in accordance

with an embodiment;

[0013] FIG. 3B is a side cross-sectional view of the glucose sensor system of FIG. 3A

for an embodiment;

[0014] FIG. 3C is a perspective view of a sensor set of a glucose sensor system of FIG.

3A for an embodiment;
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[0015] FIG. 3D is a side cross-sectional view of a sensor set of FIG. 3C for an

embodiment;

[0016] FIG. 4 is a cross sectional view of a sensing end of a sensor set of FIG. 3D for

an embodiment;

[0017] FIG. 5 is a top view of an infusion device with a reservoir door in an open

position, for use according to an embodiment;

[0018] FIG. 6 is a side view of an infusion set with an insertion needle pulled out, for

use according to an embodiment;

[0019] FIG. 7 is a plot of a trajectory of a blood glucose trend including a period of

hypoglycemia that is not rectified by suspension of a continuous basal insulin delivery;

[0020] FIG. 8 is a flow chart that illustrates an exemplary embodiment of a process for

providing blood glucose data;

[0021] FIG. 9is a flow chart that illustrates an exemplary embodiment of a process for
identifying a condition indicating continuing hypoglycemia that continues when basal

insulin delivery is suspended; and

[0022] FIG. 10 is a flow chart that illustrates another exemplary embodiment of a
process for identifying a condition indicating continuing hypoglycemia that continues when

basal insulin delivery is suspended.

DETAILED DESCRIPTION

[0023] The following detailed description is merely illustrative in nature and is not
intended to limit the embodiments of the subject matter or the application and uses of such

<

embodiments. As used herein, the word “exemplary” means “serving as an example,
instance, or illustration.” Any implementation described herein as exemplary is not
necessarily to be construed as preferred or advantageous over other implementations.
Furthermore, there is no intention to be bound by any expressed or implied theory presented
in the preceding technical field, background, brief summary or the following detailed

description.
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[0024] The subject matter presented herein relates to apparatus and methods for
predicting an insufficient response, by an insulin delivery pump, to a hypoglycemic event.
An insulin delivery pump normally operates to: (i) provide a continuous delivery of basal
insulin to a user of the pump, and (ii) provide a bolus (i.e., a single dose of a drug or other
medicinal preparation given all at once) of insulin, on an as-needed basis. Under normal
operation, the insulin delivery pump detects anticipated hypoglycemic events and responds
by suspending the continuous basal insulin delivery, in an attempt to prevent an upcoming
hypoglycemic event. In certain circumstances, such suspension of basal insulin delivery is
insufficient to prevent the hypoglycemic event. In this scenario, the insulin delivery pump
can first predict the anticipated insufficient response, and second perform an action based
on the anticipated insufficient response. Such actions may include presenting an alert,
providing information for patient education, and/or providing a glucagon injection via the

insulin delivery pump.

[0025] Certain terminologies are used with regard to the various embodiments of the
present disclosure. A glucose trend is the rate of change for a series of blood glucose values,
acquired over a period of time, from a single patient or user of an sensor augmented insulin
delivery pump. Hypoglycemia is a low level of glucose in the bloodstream of the patient or
user of the insulin delivery pump, and may be generally associated with blood glucose
values below 70 milligrams per deciliter (mg/dL). An insulin on board (IOB) value is
descriptive of the residual insulin activity following a bolus of insulin provided by the
insulin delivery pump. A total daily dose (TDD) value is a quantity of insulin required by
the user in a twenty-four (24) hour period. A missed hypoglycemic event is an occurrence
of a time period of hypoglycemia that is not prevented, avoided, or corrected by suspension

of a continuous delivery of basal insulin.

[0026] In an exemplary glucose control system environment, blood-glucose
measurements may be employed in a closed loop infusion system for regulating a rate of
fluid infusion into a body. In particular embodiments, a control system may be adapted to
regulate a rate of insulin, glucagon, and/or glucose infusion into a body of a patient based,
at least in part, on a glucose concentration measurement taken from a body (e.g., from a
glucose sensor and/or metered blood glucose measurement). In certain implementations,
such a system may be designed to model a pancreatic beta cell (B-cell). Here, such a system

may enable a patient to control an infusion device for releasing insulin, glucagon or glucose
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into the patient’s body for effective blood glucose management. Here, such a system may
be adapted to control infusion of insulin and/or glucagon so as to control/maintain a
patient’s blood glucose within a target range, thus reducing the risk that a patient’s blood

glucose level transitions to dangerous extreme levels in the absence of patient action.

[0027] According to certain embodiments, examples of closed-loop systems as
described herein may be implemented in a hospital environment to monitor and/or control
levels of glucose in a patient. Altematively, according to certain embodiments, examples
of closed-loop systems as described herein may be implemented in non-hospital
environments to monitor and/or control levels of glucose in a patient. Here, a patient or
other non-medical professional may be responsible for interacting with a closed-loop

system.

[0028] To maintain healthy glucose levels, a person with type 1 diabetes may manage
their glycemia by monitoring blood glucose levels, controlling diet, exercise, and self-
administering appropriate amounts of insulin at appropriate times. Deviations from such
glycemic management, such as skipping an insulin bolus at meal time or underestimating
the carbohydrate content of a meal may bring about prolonged hyperglycemia. Likewise,
receiving too much insulin (e.g., by over-bolusing) for a given blood glucose level and/or
meal may bring about severe hypoglycemia. Other external factors, such as exercise or

stress, may also contribute to glycemic deviations.

[0029] In a particular embodiment of a closed-loop system, such a system may be
adapted to control infusion of insulin and/or glucagon so as to control/maintain a patient’s
blood glucose within a target range, thus reducing the risk that a patient’s blood glucose
level transition to dangerous extreme levels. Again, such a mechanism may reduce the risk
of hypoglycemia and hyperglycemia if a patient, non-medical professional or medical
professional is not fully attentive to providing inputs to the system for effective glycemic

management.

[0030] According to an embodiment, depending on a patient’s particular physiology, a
target or set-point glucose level may be established. For example, such a target or set-point
glucose level may be defined based, at least in part, on guidelines established by the
American Diabetes Association (ADA) and/or clinical judgment of a patient’s physician.

Here, for example, the ADA has recommended a pre-prandial blood glucose concentration
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of between 80-130 mg/dL, which is in the normal glycemic range. Alternatively, target or
set-point glucose level may be fixed at 120 mg/dL. In yet another alternative, a target or
set-point blood glucose concentration may vary over time depending on particular patient
conditions. It should be understood, however, that these are merely examples of a target or
set-point blood glucose concentration, and claimed subject matter is not limited in this

respect.

[0031] According to an embodiment, a closed-loop system may be employed to
maintain a patient’s glucose level in a range about a predetermined set-point or target level
as described in U.S. Patent Appl. Ser. No. 12/820,944, filed on June 22, 2010, and assigned
to the assignee of claimed subject matter. Here, insulin may be infused to the patient at a
predetermined basal rate while the patient’s glucose level is within the predetermined
range. If the glucose level escapes that range, a different infusion rate may be applied based,
at least in part, on the predetermined set-point or target level. For example, if the patient’s
glucose level exceeds the range, an insulin infusion rate may be increased. In another
example, if the patient’s glucose level falls below a particular level, an insulin infusion rate
may be reduced from the predetermined basal rate. Of course, these are merely examples
of how the insulin infusion rate may be changed if a patient’s glucose level escapes a

particular range, and claimed subject matter is not limited in this respect.

[0032] By maintaining a predetermined basal insulin infusion rate while the glucose
level is within a target range, extreme glycemic variations may be reduced or avoided
altogether. This may provide a patient with improved glycemic control in circumstances in
which they would otherwise be exposed to undesirable extremes of glycemia. Here, while
such a patient may remain in control of insulin infusion decisions, particular embodiments
may respond automatically in the absence of particular patient action (e.g., forgetting to

bolus insulin to cover a meal) to prevent blood glucose from reaching extreme levels.

[0033] A controller may employ any one of several control techniques for computing
determining commands for a pump in attempt to maintain a patient’s observed blood
glucose concentration within a target range. For example, a controller may employ a
proportional-integral-derivative (PID) control algorithm in conjunction with controlling a
patient’s blood glucose level within a particular range as described in U.S. Patent
Application Ser. No. 12/820,944, filed on June 22, 2010, and assigned to the assignee of

claimed subject matter. Here, such a PID algorithm may, at least in part, predict a level of
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blood glucose in a patient at some set time in the future and, based on such a prediction,
compute commands to be provided to an infusion pump. While such a PID algorithm may
provide an effective technique for maintaining a patient’s blood glucose within a target
range, a PID algorithm may not fully consider health risks of a blood glucose level being

outside of a target range from time to time.

[0034] Briefly, according to an embodiment, a predicted blood glucose level of a
patient based, at least in part, on past blood glucose measurements and control signals to
be applied to at least one infusion pump. A cost expression is determined based, at least in
part, on the predicted blood glucose level. The control signals to be applied to the at least
one infusion pump may then be affected so as to achieve a cost value according to said cost
expression. In one particular implementation, that cost expression is determined based, at
least in part, on a predicted duration that that the blood glucose is to be outside of a target
range over some interval in the future. Accordingly, the control signals applied to the at
least on infusion pump may be responsive to risks associated with the patient’s blood

glucose level being outside of the target range.

[0035] As pointed out above, insulin infusion therapy may be controlled, at least in
part, by techniques for predicting a patient’s blood glucose level or glycemic state at some
point or time in the future (e.g., using a PID algorithm as discussed above). In this context,
a “glycemic state” may be determined based on one or more factors such as, for example,
a blood glucose concentration. Algorithms may receive measurements or observations of a
patient’s blood glucose concentration from, for example, a continuous blood glucose
monitoring device processing signals from a blood-glucose sensor inserted into
subcutaneous tissue. However, merely predicting a blood glucose level at some time in the
future may have limited utility in applying a therapy to a patient. For example, systems that
predict a blood glucose concentration at some time in the future may merely provide a
single blood glucose level prediction for a single instance in the future, and may not fully
characterize a patient’s glycemic state, or transitions from an initial glycemic state to a

possible future glycemic state, for the purpose of applying an appropriate therapy.

[0036] In another implementation, insulin infusion therapy may be affected or
controlled by a prediction of a duration of time until a patient’s current glycemic state or
blood glucose level is to reach a target blood glucose concentration or glycemic state.

Among other factors, this predicted duration may be based, at least in part, on observations
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of the patient’s current blood glucose level according to signals received from a blood-
glucose sensor. This predicted duration may then be used for determining how the patient’s

therapy may be altered by, for example, changing a rate of insulin infusion.

[0037] Predicting a duration of time until a patient is to reach a particular blood glucose
level starting from an initial state may enable techniques for characterizing a patient’s
glycemic state that may not be possible with predicting the patient’s blood-glucose level in
the future alone. Additionally, a predicted time until a patient reaches a particular glycemic

state may enable an enhanced ability to for closed-loop insulin infusion systems.

[0038] Turning now to the figures, FIG. 1 is a block diagram of an example closed-
loop glucose control system in accordance with an embodiment. Particular embodiments
may include a glucose sensor system 10, a controller 12, an insulin delivery system 14, a
glucagon delivery system 13, and a glucose delivery system 15, as shown in FIG. 1. In
certain exemplary embodiments, glucose sensor system 10 may generate a sensor signal 16
representative of blood glucose levels 18 in body 20, and it may provide sensor signal 16
to controller 12. Controller 12 may receive sensor signal 16 and generate commands 22
that are communicated to insulin delivery system 14, glucagon delivery system 13, and/or
glucose delivery system 15. Insulin delivery system 14 may receive commands 22 and
infuse insulin 24 into body 20 in response to commands 22. Likewise, glucagon delivery
system 13 may receive commands 22 and infuse glucagon 23 into body 20 in response to
commands 22. Similarly, glucose delivery system 15 may receive commands 22 and

provide glucose 25 into body 20 in response to commands 22.

[0039] Glucose sensor system 10 may include a glucose sensor, sensor electrical
components to provide power to a sensor and to generate sensor signal 16, a sensor
communication system to carry sensor signal 16 to controller 12, and a sensor system
housing for electrical components and a sensor communication system. A glucose sensor
may measure blood glucose directly from a blood stream, indirectly via interstitial fluid
using, e.g., a subcutaneous sensor, some combination thereof, and so forth, just to name a

RN

few examples. As used herein, “blood glucose”, “measured blood glucose”, “blood glucose
concentration”, “measured blood glucose concentration”, and the like may refer to a
glucose level, a blood glucose level, a blood glucose concentration, and so forth that has
been obtained via any type of glucose sensor. It should be understood, however that using

a blood glucose sensor is only one particular technique for obtaining such observations or
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measurements, and that other techniques, such as measuring blood glucose inform
observations of other body fluids (e.g., observations of the presence of glucose in interstitial
fluid using a subcutaneous sensor), may be used without deviating from claimed subject

matter.

[0040] Controller 12 may include electrical components and software to generate
commands 22 for insulin delivery system 14, glucagon delivery system 13, and/or glucose
delivery system 15 based on sensor signal 16. Controller 12 may also include a controller
communication system to receive sensor signal 16 and provide commands 22 to insulin
delivery system 14, glucagon delivery system 13, and/or glucose delivery system 15. In
particular example implementations, controller 12 may include a user interface and/or
operator interface (not shown) comprising a data input device and/or a data output device.
Such a data output device may, for example, generate signals to initiate an alarm and/or
include a display or printer for showing status of a controller 12 and/or a patient’s vital
indicators. Such a data input device may comprise dials, buttons, pointing devices, manual
switches, alphanumeric keys, a touch-sensitive display, combinations thereof, and/or the
like for receiving user and/or operator inputs. Such a data input device may be used for
scheduling and/or initiating insulin bolus injections for meals, for example. It should be
understood, however, that these are merely examples of input and output devices that may
be a part of an operator and/or user interface and that claimed subject matter is not limited

in these respects.

[0041] Insulin delivery system 14 may include an infusion device and/or an infusion
tube to infuse insulin 24 into body 20. Similarly, glucagon delivery system 13 may include
an infusion device and/or an infusion tube to infuse glucagon 23 into body 20. Likewise,
glucose delivery system 15 may include an infusion device and/or an infusion tube to infuse
glucose 25 into body 20. In alternative embodiments, insulin 24, glucagon 23, and/or
glucose 25 may be infused into body 20 using a shared infusion tube. In other alternative
embodiments, insulin 24, glucagon 23, and/or glucose 25 may be infused using an
intravenous system for providing fluids to a patient (e.g., in a hospital or other medical
environment). It should be understood, however, that certain example embodiments may
include an insulin delivery system 14 without a glucagon delivery system 13 and/or without

a glucose delivery system 15,

10
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[0042] In particular embodiments, an infusion device (not explicitly identified in FIG.
1) may include infusion electrical components to activate an infusion motor according to
commands 22, an infusion communication system to receive commands 22 from controller

12, and an infusion device housing (not shown) to hold the infusion device.

[0043] In particular embodiments, controller 12 may be housed in an infusion device
housing, and an infusion communication system may comprise an electrical trace or a wire
that carries commands 22 from controller 12 to an infusion device. In alternative
embodiments, controller 12 may be housed in a sensor system housing, and a sensor
communication system may comprise an electrical trace or a wire that carries sensor signal
16 from sensor electrical components to controller electrical components. In other
alternative embodiments, controller 12 may have its own housing or may be included in a
supplemental device. In yet other alternative embodiments, controller 12 may be co-located
with an infusion device and a sensor system within a single housing. In further alternative
embodiments, a sensor, a controller, and/or infusion communication systems may utilize a
cable, a wire, a fiber optic line, RF, IR, or ultrasonic transmitters and receivers,
combinations thereof, and/or the like instead of electrical traces, just to name a few

examples.

[0044] FIGS. 2-6 illustrate glucose control systems in accordance with certain
embodiments. Such glucose control systems may be used, for example, in controlling a
patient’s glucose level about a target range as discussed above. It should be understood,
however, that these are merely examples of particular systems that may be used for
controlling a patient’s glucose level about a target range and that claimed subject matter is
not limited in this respect. FIG. 2 is a front view of closed loop hardware located on a body
in accordance with certain embodiments. FIGS. 3A-3D and 4 show different views and
portions of an exemplary glucose sensor system for use in accordance with certain
embodiments. FIG. 5 is a top view of an infusion device with a reservoir door in an open
position in accordance with certain embodiments. FIG. 6 is a side view of an infusion set

with an insertion needle pulled out in accordance with certain embodiments.

[0045] Particular embodiments may include a sensor 26, a sensor set 28, a telemetered
characteristic monitor 30, a sensor cable 32, an infusion device 34, an infusion tube 36, and
an infusion set 38, any or all of which may be worn on a body 20 of a user or patient, as

shown in FIG. 2. As shown in FIGS. 3A and 3B, telemetered characteristic monitor 30 may

11
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include a monitor housing 31 that supports a printed circuit board 33, battery or batteries
35, antenna (not shown), a sensor cable connector (not shown), and so forth. A sensing end
40 of sensor 26 may have exposed electrodes 42 that may be inserted through skin 46 into
a subcutaneous tissue 44 of a user’s body 20, as shown in FIGS. 3D and 4. Electrodes 42
may be in contact with interstitial fluid (ISF) that is usually present throughout

subcutaneous tissue 44.

[0046] Sensor 26 may be held in place by sensor set 28, which may be adhesively
secured to a user’s skin 46, as shown in FIGS. 3C and 3D. Sensor set 28 may provide for a
connector end 27 of sensor 26 to connect to a first end 29 of sensor cable 32. A second end
37 of sensor cable 32 may connect to monitor housing 31. Batteries 35 that may be included
in monitor housing 31 provide power for sensor 26 and electrical components 39 on printed
circuit board 33. Electrical components 39 may sample sensor signal 16 (e.g., of FIG. 1)
and store digital sensor values (Dsig) in a memory. Digital sensor values Dsig may be
periodically transmitted from a memory to controller 12, which may be included in an

infusion device.

[0047] With reference to FIGS. 1, 2, and 5, a controller 12 may process digital sensor
values Dsig and generate commands 22 (e.g., of FIG. 1) for infusion device 34. Infusion
device 34 may respond to commands 22 and actuate a plunger 48 that forces insulin 24
(e.g., of FIG. 1) out of a reservoir 50 that is located inside an infusion device 34. Glucagon
may be infused from a reservoir responsive to commands 22 using a similar and/or
analogous device (not shown). In alternative implementations, glucose may be

administered to a patient orally.

[0048] In particular example embodiments, a connector tip 54 of reservoir 50 may
extend through infusion device housing 52, and a first end 51 of infusion tube 36 may be
attached to connector tip 54. A second end 53 of infusion tube 36 may connect to infusion
set 38 (e.g., of FIGS. 2 and 6). With reference to FIG. 6 (and FIG. 1), insulin 24 (e.g., of
FIG. 1) may be forced through infusion tube 36 into infusion set 38 and into body 20 (e.g.,
of FIG. 1). Infusion set 38 may be adhesively attached to a user’s skin 46. As part of
infusion set 38, a cannula 56 may extend through skin 46 and terminate in subcutaneous
tissue 44 to complete fluid communication between a reservoir 50 (e.g., of FIG. 5) and

subcutaneous tissue 44 of a user’s body 20.

12
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[0049] In example alternative embodiments, as pointed out above, a closed-loop system
in particular implementations may be a part of a hospital-based glucose management
system. Given that insulin therapy during intensive care has been shown to dramatically
improve wound healing and reduce blood stream infections, renal failure, and
polyneuropathy mortality, irrespective of whether subjects previously had diabetes (See,
e.g., Van den Berghe G. et al. NEJM 345: 1359-67, 2001), particular implementations may
be used in a hospital setting to control a blood glucose level of a patient in intensive care.
In such alternative embodiments, because an intravenous (IV) hookup may be implanted
into a patient’s arm while the patient is in an intensive care setting (e.g., ICU), a closed
loop glucose control may be established that piggy-backs off an existing IV connection.
Thus, in a hospital or other medical-facility based system, IV catheters that are directly
connected to a patient’s vascular system for purposes of quickly delivering IV fluids, may
also be used to facilitate blood sampling and direct infusion of substances (e.g., insulin,

glucose, glucagon, etc.) into an intra-vascular space.

[0050] Moreover, glucose sensors may be inserted through an I'V line to provide, e.g.,
real-time glucose levels from the blood stream. Therefore, depending on a type of hospital
or other medical-facility based system, such alternative embodiments may not necessarily
utilize all of the described system components. Examples of components that may be
omitted include, but are not limited to, sensor 26, sensor set 28, telemetered characteristic
monitor 30, sensor cable 32, infusion tube 36, infusion set 38, and so forth. Instead, standard
blood glucose meters and/or vascular glucose sensors, such as those described in co-
pending U.S. Patent No. 7,833,157; entitled “MULTILUMEN CATHETER”, may be used
to provide blood glucose values to an infusion pump control, and an existing IV connection
may be used to administer insulin to an patient. Other alternative embodiments may also
include fewer, more, and/or different components than those that are described herein

and/or illustrated in the accompanying Drawings.

[0051] Certain examples of system and/or environmental delays are described herein.
Ideally, a sensor and associated component(s) would be capable of providing a real time,
noise-free measurement of a parameter, such as a blood glucose measurement, that a control
system is intended to control. However, in real-world implementations, there are typically
physiological, chemical, electrical, algorithmic, and/or other sources of time delays that

may contribute to a sensor measurement lagging behind an actual present value. Also, as
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noted herein, such a delay may arise from, for instance, a particular level of noise filtering
that is applied to a sensor signal. Such delays and/or time lags in obtaining sensor glucose
measurements may ultimately affect closed-loop operation. Accordingly, and as discussed
in greater detail below, feedback control mechanisms using various approaches by
application of a predicted duration of a blood glucose level being outside of a target range

to better address a patient’s glycemic health.

[0052] FIG. 7 is a plot 700 of a trajectory of a blood glucose trend 702 including a
period of hypoglycemia 704 that is not rectified by suspension of a continuous basal insulin
delivery. The plot 700 shows the glucose trend 702 as a plurality of blood glucose levels
706, for a particular user, over time 708. The blood glucose levels 706 associated with the
glucose trend 702 are obtained by blood glucose sensors of an insulin delivery pump. As
shown, the glucose trend 702 increases from the origin to a glucose level 706 above 180
milligrams per deciliter (mg/dL), and then decreases to a glucose level 706 below 70
mg/dL. The glucose levels 706 below 70 mg/dL indicate low blood glucose for a duration
of time between time t2 and time t; (e.g., the period of hypoglycemia 704).

[0053] The plot 700 also illustrates a continuous basal insulin delivery 710 that is
suspended (i.e., the basal insulin delivery 710 stops) at time to, and remains suspended until
time t1. Here, the basal insulin plot is superimposed for consistency with the time scale, but
1s not measured according to the vertical scale. The basal insulin is plotted using Units per
hour (Unit/h). The bolus insulin and insulin on board (IOB) are also plotted using Unit as

the vertical scale.

[0054] The purpose of the suspension is to address the decreasing blood glucose levels
706 that are shown by the glucose trend 702. However, in this example, the glucose trend
702 continues to decrease and remains in a hypoglycemic state for a duration of time 708
(e.g., the period of hypoglycemia 704), and the suspension of the basal insulin delivery 710
at time to did not stop the occurrence of the period of hypoglycemia 704. In this situation,
the glucose trend 702 shows blood glucose levels 706 below 70 mg/dL until time t3, at
which point the glucose trend 702 is increasing and passes through the 70 mg/dL threshold,
at which point (e.g., time point t3) the period of hypoglycemia 704 has ended.

[0055] The plot 700 depicts one particular instance where suspension of the continuous

basal insulin delivery 710 by itself is not enough to stop a period of hypoglycemia 704 from
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occurring. When this scenario occurs, additional actions may be required to prevent a
period of hypoglycemia, or to rectify a current period of hypoglycemia. An insulin delivery
pump may take other actions to rectify the anticipated period of hypoglycemia, in
combination with the suspension of the basal insulin delivery 710. For example, the insulin
delivery pump may provide a glucagon injection, or other type of blood glucose medication,
or generate an alert so that a user can take additional actions (e.g., the user may choose to

ingest fruit juice or blood glucose medication, in response to the alert).

[0056] FIG. 8 is a flow chart that illustrates an exemplary embodiment of a process 800
for providing blood glucose data. The various tasks performed in connection with process
800 may be performed by software, hardware, firmware, or any combination thereof. For
illustrative purposes, the following description of process 800 may refer to elements
mentioned above in connection with FIGS. 1-7. In practice, portions of process 800 may
be performed by different elements of the described system. It should be appreciated that
process 800 may include any number of additional or alternative tasks, the tasks shown in
FIG. 8 need not be performed in the illustrated order, and process 800 may be incorporated
into a more comprehensive procedure or process having additional functionality not
described in detail herein. Moreover, one or more of the tasks shown in FIG. 8 could be
omitted from an embodiment of the process 800 as long as the intended overall functionality

remains intact.

[0057] First, the process 800 identifies a problematic glucose trend that may lead to
hypoglycemic levels, by an insulin delivery pump (step 802). The insulin delivery pump is
communicatively coupled to a subcutaneous sensor, and is continuously monitoring blood
glucose levels of the user of the insulin delivery pump via the subcutaneous sensor (as
described previously, with regard to FIGS. 1-6). In certain embodiments, the insulin
delivery pump is configured to obtain blood glucose levels for the user, via the
subcutaneous sensors, at timed intervals. In some embodiments, however, the insulin
delivery pump may be activated to obtain blood glucose levels in response to an input user
request. As the blood glucose levels are obtained, the process 800 continuously calculates
arate of change for the blood glucose levels. The rate of change for the blood glucose levels
may be referred to as the glucose trend. A problematic glucose trend is a glucose trend

which is decreasing at a rapid rate. In exemplary embodiments of the present disclosure, a
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glucose trend that is decreasing at a rapid rate may be defined as a sensor rate of change

below -1 milligrams per deciliter (mg/dL), per minute.

[0058] Next, the process 800 suspends a continuous basal insulin delivery, based on
the problematic glucose trend (step 804). The insulin delivery pump is configured to
automatically suspend basal insulin delivery when sensor glucose levels are predicted to
approach a low limit, and to resume basal insulin delivery once sensor glucose levels
recover. Thus, the insulin delivery pump functions to reduce hypoglycemic events and to
reduce time spent in the hypoglycemic range. Here, the process 800 predicts that sensor
glucose levels will approach a low limit, based on the identified problematic glucose trend

(step 802), and, in response, suspends basal insulin delivery.

[0059] The process 800 then identifies a condition indicating a continuing
hypoglycemia that continues when the basal insulin delivery is suspended (step 806). One
suitable methodology for identifying the condition is described below with reference to
FIG. 9. A second suitable methodology for identifying the condition is described below
with reference to FIG. 10. Here, the insulin delivery pump is aware of a predicted,
upcoming hypoglycemic event, and the process 800 determines that the hypoglycemic
event will continue after the insulin delivery pump reacts to the upcoming hypoglycemic
event by suspending basal insulin delivery. In other words, the suspension of the basal
insulin delivery is insufficient to prevent the period of hypoglycemia, and additional

treatment is required to address the hypoglycemic event.

[0060] After identifying the condition (step 806), the process 800 performs an action,
by the insulin delivery pump, based on identifying the condition (step 808). The action may
include presenting an alert, by the insulin delivery pump. The alert may include an audio
alert, a visual alert, or any combination thereof. Exemplary embodiments may include a
“pop-up” message presented on a display of the insulin delivery pump, a voice
communication informing the user of the condition, and/or an alarm that sounds when the

condition 1s detected.

[0061] FIG. 9is a flow chart that illustrates an exemplary embodiment of a process 900
for identifying a condition indicating continuing hypoglycemia that continues when basal
insulin delivery is suspended. It should be appreciated that the process 900 described in

FIG. 9 represents one embodiment of step 806 described above in the discussion of FIG. 8,

16



WO 2018/085600 PCT/US2017/059805

including additional detail. First, the process 900 collects a plurality of sensor glucose
values, by the insulin delivery pump (step 902), for purposes of determining a glucose trend
which is used to detect missed hypoglycemic events. The glucose trend is one of the
dominant factors of severity of impending hypoglycemia, and thus may be used to detect a
hypoglycemic event during which suspension of basal insulin delivery is insufficient to
prevent or rectify the hypoglycemic event. The glucose trend may also be referred to as a

glucose rate of change and/or a glucose derivative.

[0062] Next, the process 900 calculates a glucose trend value by computing a derivative
of the plurality of glucose sensor values, wherein the glucose trend comprises the derivative
(step 904). The calculation of the derivative of the plurality of glucose sensor values is a
commonly used glucose trend calculation technique that is well-known in the industry.
Generally, the insulin delivery pump performs these calculations using an interally
integrated controller or processor (see FIG. 1), and presents the results of the calculations
via a display device communicatively coupled to the controller. In certain embodiments,
the insulin delivery pump presents, via the display device, glucose trend information as one
or more graphical elements (e.g., arrows). For example, one arrow pointing up indicates
that the glucose trend (i.e., glucose rate of change) is greater than 1mg/dL per minute, and
one arrow pointing down indicates that the glucose trend is less than -1mg/dL per minute.
Thus, the glucose trend is generally readily available information that is provided by an

insulin delivery pump.

[0063] The process 900 then determines whether the glucose trend value is less than a
predetermined threshold (decision 906). The predetermined threshold is obtained by
analyzing actual insulin delivery pump data, and identifying a threshold that indicates

hypoglycemia, based on the analysis.

[0064] When the glucose trend value is not less than the predetermined threshold (the
“No” branch of 906), the process 900 determines that the condition indicating continuing
hypoglycemia does not exist (step 910). However, when the glucose trend value is less than
the predetermined threshold (the “Yes™ branch of 906), the process 900 determines that
there exists a condition indicating continuing hypoglycemia that continues when basal
insulin delivery is suspended (step 908). Here, the process 900 determines that blood
glucose levels decrease to a point below a “suspension threshold” (i.e., a threshold point at

which the insulin delivery pump suspends basal insulin delivery). Due to a rapid decrease
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in the glucose trend detected by the process 900, the process 900 predicts the existence of
a condition in which blood glucose levels will continue to decrease, thereby inducing

hypoglycemia.

[0065] FIG. 10 is a flow chart that illustrates another exemplary embodiment of a
process 1000 for identifying a condition indicating continuing hypogly cemia that continues
when basal insulin delivery is suspended. It should be appreciated that the process 1000
described in FIG. 10 represents one embodiment of step 806 described above in the
discussion of FIG. 8, including additional detail. The process 1000 uses glucose trend
values and insulin on board (IOB) values to identify the condition indicating continuing
hypoglycemia that continues when basal insulin delivery is suspended. This is because the
blood glucose trend and the IOB value are two fundamental conditions that can cause a
hypoglycemic event. In other embodiments, there could be other states associated with a
hypoglycemic event, such as a predicted glucose value or a plasma insulin value. However,
the predicted glucose value and the plasma insulin value provide the same information for
analysis. Blood glucose trend values and IOB values are used because the information is
readily available from a standard insulin delivery pump and require no additional

calculations.

[0066] First, the process 1000 obtains an insulin on board (IOB) value, by the insulin
delivery pump (step 1002), which is used to detect missed hypoglycemic events. An insulin
on board (IOB) value is a quantity of insulin remaining in the body of the user following a
bolus of insulin provided by the insulin delivery pump. The IOB value is one of the
dominant factors of severity of impending hypoglycemia, and thus may be used to detect a
hypoglycemic event during which suspension of basal insulin delivery is insufficient to
prevent or rectify the hypoglycemic event. The insulin on board (IOB) value reflects the
current effective insulin existing inside the body which will keep lowering blood glucose

values. The higher the IOB value is, the faster blood glucose levels will drop.

[0067] Next, the process 1000 computes a total daily dose (TDD) value divided by a
factor, to generate a result (step 1004). A total daily dose (TDD) value is a quantity of
insulin required by the user in a twenty-four (24) hour period. TDD is a factor that reflects
how sensitive the patient is to insulin. The higher the TDD value is, the more insulin the

patient requires to compensate for blood glucose in the body of the patient.
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[0068] The process 1000 then determines whether the IOB value is greater than the
result (decision 1006). Here, the process 1000 is comparing the quantity of insulin
remaining in the body (i.e., I[OB) to the quantity of insulin required by the user in a 24-hour
period (i.e., TDD), to predict a potential insufficient response to a hypoglycemic event. The
TDD value reflects insulin sensitivity of the patient. Thus, the IOB value needs to be above
the patient dependent factor to have a significant effect on compensating same amount of
glucose. For example, an OB value of 5 units is enough to drop the blood glucose levels
very quickly for a patient with 20 units TDD, but will not have the same effect (e.g., will
not drop blood glucose levels very quickly) for a patient with 60 units TDD.

[0069] When the IOB value is not greater than the result (the “No” branch of 1006),
the process 1000 determines that the condition indicating continuing hypoglycemia does
not exist (step 1010). However, when the IOB value is greater than the result (the “Yes”
branch of 1006), the process 1000 determines that there exists a condition indicating
continuing hypoglycemia that continues when basal insulin delivery is suspended (step
1008). Here, the process 1000 determines that blood glucose levels decrease to a point
below a “suspension threshold™ (i.e., a threshold point at which the insulin delivery pump
suspends basal insulin delivery). Due to a large IOB value detected by the process 1000,
the process 1000 predicts the existence of a condition in which blood glucose levels will

continue to decrease, thereby inducing hypoglycemia.

[0070] Techniques and technologies may be described herein in terms of functional
and/or logical block components, and with reference to symbolic representations of
operations, processing tasks, and functions that may be performed by various computing
components or devices. Such operations, tasks, and functions are sometimes referred to as
being computer-executed, computerized, software-implemented, or computer-
implemented. In practice, one or more processor devices can carry out the described
operations, tasks, and functions by manipulating electrical signals representing data bits at
memory locations in the system memory, as well as other processing of signals. The
memory locations where data bits are maintained are physical locations that have particular
electrical, magnetic, optical, or organic properties corresponding to the data bits. It should
be appreciated that the various block components shown in the figures may be realized by
any number of hardware, software, and/or firmware components configured to perform the

specified functions. For example, an embodiment of a system or a component may employ
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various integrated circuit components, e.g., memory elements, digital signal processing
elements, logic elements, look-up tables, or the like, which may carry out a variety of

functions under the control of one or more microprocessors or other control devices.

[0071] When implemented in software or firmware, various elements of the systems
described herein are essentially the code segments or instructions that perform the various
tasks. The program or code segments can be stored in a processor-readable medium or
transmitted by a computer data signal embodied in a carrier wave over a transmission
medium or communication path. The “computer-readable medium”, “processor-readable
medium”, or “machine-readable medium” may include any medium that can store or
transfer information. Examples of the processor-readable medium include an electronic
circuit, a semiconductor memory device, a ROM, a flash memory, an erasable ROM
(EROM), a floppy diskette, a CD-ROM, an optical disk, a hard disk, a fiber optic medium,
aradio frequency (RF) link, or the like. The computer data signal may include any signal
that can propagate over a transmission medium such as electronic network channels, optical

fibers, air, electromagnetic paths, or RF links. The code segments may be downloaded via

computer networks such as the Internet, an intranet, a LAN, or the like.

[0072] The following description refers to elements or nodes or features being
“connected” or “coupled” together. As used herein, unless expressly stated otherwise,
“coupled” means that one element/node/feature is directly or indirectly joined to (or
directly or indirectly communicates with) another element/node/feature, and not
necessarily mechanically. Likewise, unless expressly stated otherwise, “connected” means
that one element/node/feature is directly joined to (or directly communicates with) another
element/node/feature, and not necessarily mechanically. Thus, although each of the
schematics shown in FIGS. 1-6 depict one exemplary arrangement of elements, additional
intervening elements, devices, features, or components may be present in an embodiment

of the depicted subject matter.

[0073] For the sake of brevity, conventional techniques related to signal processing,
data transmission, signaling, network control, and other functional aspects of the systems
(and the individual operating components of the systems) may not be described in detail
herein. Furthermore, the connecting lines shown in the various figures contained herein
are intended to represent exemplary functional relationships and/or physical couplings

between the various elements. It should be noted that many alternative or additional
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functional relationships or physical connections may be present in an embodiment of the

subject matter.

[0074] Some of the functional units described in this specification have been referred
to as “modules” in order to more particularly emphasize their implementation
independence. For example, functionality referred to herein as a module may be
implemented wholly, or partially, as a hardware circuit comprising custom VLSI circuits
or gate arrays, off-the-shelf semiconductors such as logic chips, transistors, or other discrete
components. A module may also be implemented in programmable hardware devices such
as field programmable gate arrays, programmable array logic, programmable logic devices,
or the like. Modules may also be implemented in software for execution by various types
of processors. An identified module of executable code may, for instance, comprise one or
more physical or logical modules of computer instructions that may, for instance, be
organized as an object, procedure, or function. Nevertheless, the executables of an
identified module need not be physically located together, but may comprise disparate
instructions stored in different locations that, when joined logically together, comprise the
module and achieve the stated purpose for the module. Indeed, a module of executable code
may be a single instruction, or many instructions, and may even be distributed over several
different code segments, among different programs, and across several memory devices.
Similarly, operational data may be embodied in any suitable form and organized within any
suitable type of data structure. The operational data may be collected as a single data set,
or may be distributed over different locations including over different storage devices, and

may exist, at least partially, merely as electronic signals on a system or network.

[0075] While at least one exemplary embodiment has been presented in the foregoing
detailed description, it should be appreciated that a vast number of variations exist. It
should also be appreciated that the exemplary embodiment or embodiments described
herein are not intended to limit the scope, applicability, or configuration of the claimed
subject matter in any way. Rather, the foregoing detailed description will provide those
skilled in the art with a convenient road map for implementing the described embodiment
or embodiments. It should be understood that various changes can be made in the function
and arrangement of elements without departing from the scope defined by the claims, which
includes known equivalents and foreseeable equivalents at the time of filing this patent

application.
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CLAIMS

What is claimed is:

1. A method for providing blood glucose data, the method comprising:
in response to a suspension of a continuous basal insulin delivery, by an insulin
delivery pump,
identifying a condition indicating continuing hypoglycemia that continues
when basal insulin delivery is suspended; and
performing an action, by the insulin delivery pump, based on identifying the

condition.

2, The method of Claim 1, further comprising:

identifying a glucose trend that may lead to hypoglycemic levels, by the insulin
delivery pump; and

suspending the continuous basal insulin delivery, based on the identified glucose

trend.

3. The method of Claim 1 or 2, wherein identifying the condition further
comprises:

calculating a glucose trend value, by the insulin delivery pump; and

determining that the glucose trend value is less than a predetermined threshold,
wherein the condition comprises the glucose trend value being less than the predetermined
threshold;

wherein, optionally, further comprising collecting a plurality of sensor glucose values,
by the insulin delivery pump; wherein calculating the glucose trend value further comprises
computing a derivative of the plurality of sensor glucose values, and wherein the glucose

trend value comprises the derivative.

4. The method of Claim 1 or 2, wherein identifying the condition further
comprises:
obtaining an insulin on board (I0B) value, by the insulin delivery pump;

computing a total daily dose (TDD) value divided by a factor, to generate a result; and
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determining that the IOB value is greater than the result, wherein the condition

comprises the IOB value being greater than the result.

5. The method of any preceding Claim, wherein performing the action further
comprises:
1) providing a glucagon injection, by the insulin delivery pump; or
i1) presenting an alert; and wherein the alert optionally comprises at least one of an audio

alert and a visual alert.

6. A computer program configured to cause an insulin delivery pump to execute

a method according to any preceding claim.

7. A system for providing blood glucose data, the system comprising:

an insulin delivery pump comprising a glucose delivery system, a glucagon delivery
system, an insulin delivery system, and a glucose sensor system;

a controller comprising a system memory element and at least one processor, the
controller communicatively coupled to the insulin delivery pump, and the controller
configured to:

in response to a suspension of a continuous basal insulin delivery, by the
insulin delivery pump,
identify a condition indicating continuing hypoglycemia that continues
when basal insulin delivery is suspended; and
initiate performance of an action, by the insulin delivery pump, based

on identifying the condition.

8. The system of Claim 7, wherein the controller is integrated into the insulin
delivery pump, and wherein the system comprises an integrated device including the

controller and the insulin delivery pump.
9. The system of Claim 7 or 8, wherein the controller is further configured to:

identify a problematic glucose trend that may lead to hypoglycemic levels, via the

insulin delivery pump; and
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suspend the continuous basal insulin delivery by the insulin delivery pump, based on

the problematic glucose trend.

10.  The system of Claim 7, 8 or 9, wherein the controller is further configured to
identify the condition by:

calculating a glucose trend value, using the insulin delivery pump; and

determining that the glucose trend value is less than a predetermined threshold,
wherein the condition comprises the glucose trend value being less than the predetermined
threshold; and

wherein, optionally, the insulin delivery pump is further configured to collect a
plurality of sensor glucose values; and wherein the controller is further configured to
calculate the glucose trend value by computing a derivative of the plurality of sensor glucose

values, and wherein the glucose trend value comprises the derivative.

11. The system of Claim 7, 8 or 9, wherein the controller is further configured to:

1) identify the condition by:

obtaining an insulin on board (I0B) value, via the insulin delivery pump;

computing a total daily dose (TDD) value divided by a factor, to generate a
result; and

determining that the IOB value is greater than the result, wherein the condition
comprises the IOB value being greater than the result; or
i1) initiate providing, by the insulin delivery pump, a glucagon injection, in response to
identifying the condition; and wherein the action comprises providing the glucagon injection;
or
i) present an alert comprising at least one of an audio alert and a visual alert; and

wherein the action comprises presenting the alert.

12. An insulin delivery pump comprising a non-transitory, computer-readable
medium containing instructions thereon, which, when executed by a processor, perform a
method comprising:

predicting a hypoglycemic condition that is not rectifiable by suspending a continuous
basal insulin delivery; and

presenting an alert, based on the hypoglycemic condition.

24



WO 2018/085600 PCT/US2017/059805

13.  The insulin delivery pump of Claim 12, wherein the method further comprises:

identifying a problematic glucose trend that may lead to hypoglycemic levels, by the
insulin delivery pump; and

suspending the continuous basal insulin delivery, based on the problematic glucose

trend.

14. The insulin delivery pump of Claim 12 or 13, wherein predicting the
hypoglycemic condition further comprises:

calculating a glucose trend value, by the insulin delivery pump; and

determining that the glucose trend value is less than a predetermined threshold,
wherein the condition comprises the glucose trend value being less than the predetermined
threshold, optionally wherein the method further comprises:

collecting a plurality of sensor glucose values, by the insulin delivery pump;

wherein calculating the glucose trend value further comprises computing a derivative
of the plurality of sensor glucose values, and wherein the glucose trend value comprises the

derivative.

15. The insulin delivery pump of Claim 12 or 13, wherein predicting the
hypoglycemic condition further comprises:

obtaining an insulin on board (IOB) value, by the insulin delivery pump;

computing a total daily dose (TDD) value divided by a factor, to generate a result; and

determining that the IOB value is greater than the result, wherein the condition

comprises the IOB value being greater than the result.

25



PCT/US2017/059805

WO 2018/085600

1/11

IE

T3A373500MD 400

gl

W3LSAS
dOSN3S
3500M0

7
o

A108 B NS

e

W3LSAS
AdIAITAd
NINSNI

TYNOIS HOSN3S

9l

7
Pl

NODYONTO

<

W3LSAS
AdIAITAd
NOOYINT)

SANYIANO

<<

7
¢l

3500010

Gc

W3LSAS
AdIAITAd
3500M0

7
Gl

43 TI04INOD

7
al




PCT/US2017/059805

WO 2018/085600

2/11

20

———— e -

—_——_——

it —

e —

e ————
—— —— e ——

P -—

—_— ————

FIG. 2



PCT/US2017/059805

WO 2018/085600

3/11

a¢ 'old
62 6¢ 62 ¢C
== /&
YA\ W

) Nm Pl N
o e iy ,

Ie —
\ .|m
QN \ﬁ: 6¢ N\

[ 4IT08IN0D | dAnd NOISNANI |

S S
al 142




WO 2018/085600 PCT/US2017/059805
4/11




WO 2018/085600 PCT/US2017/059805
5/11

FIG. 4




WO 2018/085600 PCT/US2017/059805
6/11

>4

| D2

50 -1

\\
Y 1/

I =)

FIG. 5



i

FIG. ©



PCT/US2017/059805

WO 2018/085600

8/11

LOld
JNIL
QOL
/! L o )
B N
Q1 OlL T¥SYd
YOL = Ny 5108
............................................................................. -0/
3500N19
N3YL 3500N10 /
.............................................................................. - 081
¢OL
W« 1 -90L

OO0L



WO 2018/085600

9/11

(' PROVIDING BLOOD GLUCOSE DATA )}~

PCT/US2017/059805

&00

]
IDENTIFY A PROBLEMATIC GLUCOSE TREND
THAT MAY LEAD TO HYPOGLYCEMIC
LEVELS, BY AN INSULIN DELIVERY PUMP

802

]

SUSPEND A CONTINUOUS BASAL INSULIN

DELIVERY, BASED ON THE PROBLEMATIC
GLUCOSE TREND

| -804

|

IDENTIFY A CONDITION INDICATING
CONTINUING HYPOGLYCEMIA THAT
CONTINUES WHEN THE BASAL INSULIN
DELIVERY IS SUSPENDED

| ~806

|

PERFORM AN ACTION, BY THE INSULIN
DELIVERY PUMP, BASED ON IDENTIFYING
THE CONDITION

808

FIG. &



WO 2018/085600

10/11

C

IDENTIFYING A CONDITION INDICATING CONTINUING

HYPOGLYCEMIA THAT CONTINUES WHEN BASAL INSULIN

DELIVERY IS

SUSPENDED

PCT/US2017/059805

>,9oo

COLLECT A PLURALITY OF
BY THE INSULIN

SENSOR GLUCOSE VALUES| ~902

DELIVERY PUMP

CALCULATE A GLUCOSE TREND VALUE, BY THE INSULIN

DELIVERY PUMP, BY COMPUTING A DERIVATIVE OF THE

PLURALITY OF GLUCOSE SENSOR VALUES, WHEREIN THE
GLUCOSE TREND COMPRISES THE DERIVATIVE

906

TREND VALUE <

GLUCOSE

THRESHOLD?

PREDETERMINED > E2

DETERMINE THAT THE CONDITION INDICATING
CONTINUING HYPOGLYCEMIA DOES NOT EXIST

FIG. 9

| 904

DETERMINE THAT THERE EXISTS A
CONDITION INDICATING CONTINUING
HYPOGLYCEMIA THAT CONTINUES
WHEN BASAL INSULIN DELIVERY IS
SUSPENDED

| - 910

Q
905




WO 2018/085600 PCT/US2017/059805
11/11

IDENTIFYING A CONDITION INDICATING CONTINUING 1000
HYPOGLYCEMIA THAT CONTINUES WHEN BASAL INSULIN

DELIVERY IS SUSPENDED

OBTAIN AN INSULIN ON BOARD (I0B) | 1002
VALUE, BY THE INSULIN DELIVERY PUMP

COMPUTE A TOTAL DAILY DOSE (TDD)
VALUE DIVIDED BY A FACTOR, TO GENERATE
ARESULT

| 1004

DETERMINE THAT THERE EXISTS A
CONDITION INDICATING CONTINUING
HYPOGLYCEMIA THAT CONTINUES
WHEN BASAL INSULIN DELIVERY IS
SUSPENDED

1006 ~_“VALUE > RESULT?

\

DETERMINE THAT THE CONDITION INDICATING | ~1010 1008
CONTINUING HYPOGLYCEMIA DOES NOT EXIST

FIG. 10



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/059805

A. CLASSIFICATION OF SUBJECT MATTER

INV. Gl6H20/17 A61B5/145
ADD.

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

B. FIELDS SEARCHED

G16H A61B

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y paragraphs [0027],
figures 15,16

figure 1

X US 2006/173406 Al (HAYES ANDREW C [US] ET 1-6,
AL) 3 August 2006 (2006-08-03)

12-15

[0070] - [0073]; 7-11

Y US 2007/088271 Al (RICHARDS CYNTHIA C 7-11
[US]) 19 April 2007 (2007-04-19)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

17 January 2018

Date of mailing of the international search report

25/01/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Heidrich, Alexander

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/059805
Patent document Publication | Patent family Publication
cited in search report date member(s) date

US 2006173406 Al 03-08-20C. ... 2593121 Al 10-08-2006
EP 1848323 Al 31-10-2007
US 2006173406 Al 03-08-2006
US 2009234213 Al 17-09-2009
US 2012259278 Al 11-10-2012
WO 2006083831 Al 10-08-2006
US 2007088271 Al 19-04-2007 US 2007088271 Al 19-04-2007
WO 2007047279 Al 26-04-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report

