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Operating an Infusion Pump System

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Application Serial No. 13/782,468,
filed on March 1, 2013, entitled OPERATING AN INFUSION PUMP SYSTEM, the

disclosure of which is incorporated herein by reference.

TECHNICAL FIELD
This document relates to an infusion pump system, such as a portable infusion

pump system for dispensing insulin or another medicine.

BACKGROUND

Pump devices are commonly used to deliver one or more fluids to a targeted
individual. For example, a medical infusion pump device may be used to deliver a
medicine to a patient as part of a medical treatment. The medicine that is delivered by
the infusion pump device can depend on the condition of the patient and the desired
treatment plan. For example, infusion pump devices have been used to deliver insulin
to the vasculature of diabetes patients so as to regulate blood-glucose levels.

Infusion pump devices often need to deliver medicine in accurately controlled
dosages. Over-dosages and under-dosages of medicine can be detrimental to patients.
For example, an infusion pump device that delivers an over-dosage or under-dosage
of insulin to a diabetes patient can significantly affect the blood-glucose level of the
patient.

In some circumstances, an infusion pump device can store (via input from a
clinician or a user) a number of user-specific settings that are customized for the
particular user. In one example, an infusion pump device can be programmed to store
a user’s insulin sensitivity (e.g., in units of mg/dL/insulin unit), which can be
employed by the infusion pump system when calculating correction bolus dosage for
that particular user. In another example, an infusion pump device can be programmed
to store a user’s carbohydrate ratio (e.g., in units of g/insulin unit), which can be
employed by the infusion pump system when calculating meal bolus dosage for that
particular user. In many cases, these user-specific settings are manually input into the
infusion pump device via user interface buttons on the infusion pump device. If any
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of these user-specific settings are erroneously input into the infusion pump system
(e.g., due to a transcribing error or other error when manually inputting the data), the
resulting consequences could lead to improper bolus dosage calculations, blood
glucose levels that are unnecessarily too high or too low.

Furthermore, even if the user-specific settings are correctly input and stored by
the infusion pump device, other types of errors can result in the user receiving an
improper dosage of the insulin or other medicine. For example, if an infusion set
cannula is connected to the infusion pump device but is not properly seated at the
user’s skin, the infusion pump device may dispense a dosage of medicine that is

wholly or partially not infused into the user’s body.

SUMMARY

Some embodiments of an infusion pump system can be configured to provide
improved safety monitoring features so that a user receives proper dosage amounts.
In a first example, the infusion pump system can be configured to determine whether
a newly input value for a first user-specific setting is out of balance with a different
user-specific setting. If so, a user interface of the infusion pump system can alert the
user and prompt the user to replace the possibly erroneous value for the first user-
specific setting. In a second example, the infusion pump system can be configured to
retrospectively evaluate previously stored values of user-specific settings and dosage
history to determine if any of the values is out of balance with a different user-specific
setting or dosage history value. If so, a user interface of the infusion pump system
can alert the user and prompt the user to take corrective actions (e.g., provide a new
value for a user-specific setting, provide a new dosage schedule, review
troubleshooting instructions, or the like). In a third example, the infusion pump
system can configured to monitor whether the dispensed medicine is being properly
transferred from the infusion set tubing into the user’s body. For instance, the
infusion pump system can evaluate if user’s blood glucose levels over a period of time
after dispensation of a bolus dosage is decreasing (or, in some embodiments, the rate
of change is decreasing) and if not, output an alert indicative of a possible problem
with the infusion set device. In a fourth example, the infusion pump system can be

configured to automatically calculate and implement a set of generally safe values for
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a number of different user-specific settings in response to user input of a value for one
different user-specific setting.

Particular embodiments described herein include an insulin infusion pump
system, which may include a portable housing defining a space to receive a supply of
insulin and may also include a pump drive system to dispense insulin from the
portable housing when the insulin is received in the space. The insulin infusion pump
system may further include control circuitry that electrically communicates with the
pump drive system to control dispensation of the insulin from the portable housing
when the insulin is received in the space. Also, the insulin infusion pump system may
include a user interface connected to the control circuitry and configured to receive
user input of a value for a first user-specific setting. The control circuitry may be
configured to output an alert via the user interface in response to user input of the
value for the first user-specific setting that is outside of a predetermined range
dependent at least partially upon a previously stored value for a second user-specific
setting that is different from the first user-specific setting.

Some embodiments described herein include a medical infusion pump system,
which may include a portable housing defining a space to receive a supply of
medicine and may also include a pump drive system to dispense medicine from the
portable housing when the medicine is received in the space. The medical infusion
pump system may include control circuitry that electrically communicates with the
pump drive system to control dispensation of the medicine from the portable housing
when the medicine is received in the space. Optionally, the control circuitry may
include one or more computer readable memory devices storing values for user-
specific settings and pump usage parameters. The medical infusion pump system may
also include a user interface connected to the control circuitry and having a display
screen. The control circuitry may be configured to output an alert via the user
interface in response a stored value for a first one of the user-specific settings and the
pump usage parameters being outside of a predetermined range that is dependent at
least partially upon a stored value for a second one of the user-specific settings and
the pump usage parameters.

In various embodiments of an insulin infusion pump system described herein,

the insulin infusion pump system may include a portable housing defining a space to
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receive a supply of insulin and may also include a pump drive system to dispense
insulin from the portable housing when the insulin is received in the space. The
insulin infusion pump system may further include control circuitry that electrically
communicates with the pump drive system to control dispensation of the insulin from
the portable housing when the insulin is received in the space. Optionally, the control
circuitry may be configured to receive blood glucose information over a period of
time. The insulin infusion pump system may also include a user interface connected
to the control circuitry and having a display screen. The user interface may be
configured to receive user input to initiate a bolus dosage of the insulin. The control
circuitry may output an alert via the user interface in response to the control circuitry
detecting an infusion set error based at least in part upon the blood glucose
information received by the control circuitry over the period of time.

Some embodiments described herein include a method of operating a portable
infusion pump system. The method may include dispensing medicine from a portable
housing of an infusion pump system. The method may also include receiving user
input at a user interface of the infusion pump system indicative of a value for a first
user-specific setting. Optionally, the method may further include outputting an alert
via the user interface of the infusion pump system in response to a determination by
the infusion pump system that the user input of the value for the first user-specific
setting that is outside of a predetermined range dependent at least partially upon a
previously stored value for a second user-specific setting that is different from the first
user-specific setting.

In particular embodiments, a method of operating a portable infusion pump
may include dispensing medicine from a portable housing of an infusion pump
system. The method may further include storing values for user-specific settings and
pump usage parameters in one or more computer readable memory devices of control
circuitry of the infusion pump system. Optionally, the method may also include
outputting an alert via a user interface of the infusion pump system in response a
stored value for a first one of the user-specific settings and the pump usage parameters
being outside of a predetermined range that is dependent at least partially upon a
stored value for a second one of the user-specific settings and the pump usage

parameters.
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In various embodiments described herein, a method of operating a portable
infusion pump system may include dispensing medicine from a portable housing of an
infusion pump system. The method may also include receiving user input at a user
interface of the infusion pump system to initiate a bolus dosage of the medicine. The
method may also include receiving at the infusion pump system blood glucose
information indicative of a user’s blood glucose measurements over a period of time.
Optionally, the method may include outputting an alert via the user interface of the
infusion pump system in response to the infusion pump system detecting an infusion
set error based at least in part upon the blood glucose information received by the
infusion pump system over the period of time.

In some embodiments described herein, an insulin infusion pump system may
include a portable housing defining a space to receive a supply of insulin and may
also include a pump drive system to dispense insulin from the portable housing when
the insulin is received in the space. The insulin infusion pump system may include
control circuitry that electrically communicates with the pump drive system to control
dispensation of the insulin from the portable housing when the insulin is received in
the space. Also, the insulin infusion pump system may include a user interface
connected to the control circuitry and having a display screen. The user interface may
be configured to receive user input for a value of a first user-specific setting. The
control circuitry may generate values for a set of user-specific settings that are
different from the first user-specific setting in response to the user input for the value
of the first user-specific setting.

Some or all of the embodiments described herein can provide one or more of
the following benefits. First, some embodiments of an infusion pump system can be
equipped with a controller device that is configured to determine whether a newly
input value for a first user-specific setting is out of balance with a different user-
specific setting. In particular circumstances, the controller device can be configured
to determine whether the newly input value for the user-specific setting is within a
selected range of values selected based at least in part on the previously stored value
for the different user-specific setting. For example, the controller device can be
configured to compare any of the following user-specific settings: carbohydrate ratio,

insulin sensitivity, scheduled basal dose per day, anticipated total bolus dose per day,
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and user weight. If the controller device for the infusion pump system determines that
the newly input value for a particular user-specific setting is out of balance with the
previously stored value for the different user-specific setting (e.g., not within the
range of values calculated as a function of the previously stored value for the different
user-specific setting), a user interface of the infusion pump system can output an alert
the user. Optionally, the user interface may prompt the user either to “accept” newly
input value even if it is out of balance with one or more other user-specific settings, or
to “reject” the newly input value and thereafter provide a corrected value.

Second, particular embodiments of an infusion pump system can be equipped
with a controller device that is configured to retrospectively evaluate previously
stored values of user-specific settings and dosage history to determine if any of the
values is out of balance with a different user-specific setting or dosage history value.
For example, the controller device can be configured to store any of the following
settings or historical measurements for use in the aforementioned retrospective
analysis: carbohydrate ratio, insulin sensitivity, average total daily dose, average total
basal dose per day, average total bolus dose per day, a ratio of correction bolus
amount per day to food bolus amount per day, amount of correction boluses per day, a
ratio of a correction bolus amount per day to the average total daily dose, a ratio of the
average total basal dose to the average total bolus dose, average maximum bolus per
day, frequency of using an auto-off alarm per day, and a frequency of cannula and
tube primes per day. One or more of these aforementioned measurements can be
analyzed by the controller device to determine whether there is a possible imbalance
in a user-specific setting, a possible improper use of the pump system, or both. If so,
a user interface of the infusion pump system can alert the user and prompt the user to
take corrective actions (e.g., provide a new value for a user-specific setting, provide a
new dosage schedule, review troubleshooting instructions, or the like).

Third, some embodiments of an infusion pump system can simultaneously
provide a number of convenient options to the user when any of the aforementioned
alerts is output by the system. For example, the infusion pump system may output an
alert including a textual message on the user interface display screen in response to a
detection that a user-specific setting is out of balance with one or more different user-

specific setting, but the content of textual alert message can vary by the degree of
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imbalance or by the particular user-specific setting that is out of balance.
Additionally, some embodiments of the infusion pump system can be configured to
provide the user with an option to temporarily silence or disable the aforementioned
alert for a period of time, after which the infusion pump system would again prompt
the user review the user-specific settings and input a corrected value. The frequency
of the alert output from the infusion pump system may vary by the degree of
imbalance or by the particular user-specific setting that is out of balance.
Furthermore, some embodiments of the infusion pump system can be configured to
prevent the user from inputting a new value for a user-specific setting (e.g., by
requiring the user to accept the previously stored value or to input a corrected value)
that is not balance with one or more other user-specific setting within a predetermined
tolerance level. In such circumstances, the level of imbalance tolerated can be
adjustable, for example, in response to user input from a clinician or the user.

Fourth, particular embodiments of an infusion pump system can be configured
to identify a potential problem with an infusion set (e.g., the insulin set cannula is not
properly seated on the skin, or the like) based at least in part on an analysis of the
user’s blood glucose levels during a period of time after medicine is dispensed from
the infusion pump reservoir. In one example, the infusion pump system can output an
alert indicative of a possible problem with the infusion set device in response to a
computational evaluation of the user’s blood glucose levels over a predetermined
period of time (e.g., about 15 minutes to about 75 minutes, preferably about 30
minutes to about 60 minutes) after dispensation of a bolus dosage. If the user’s blood
glucose levels is not decreasing (or, in some embodiments, the rate of change is not
decreasing) during that predetermined time period, then the infusion pump system can
output an alert indicative of a potential problem with the infusion set device and may
furthermore prompt the user to check or replace the infusion set or otherwise provide
troubleshooting instructions to the user.

Fifth, some embodiments of an infusion pump system can be configured to
automatically generate a set of generally safe values for some user-specific settings in
response to user input of a value for a particular, different user-specific settings. For
example, the pump system can be configuration to provide an initial set-up procedure

during which the pump system can prompt the user to input a value for a first user-



10

15

20

25

30

WO 2014/134459

specific setting. In response to receiving this piece of information, the pump system
can then calculate (and automatically populate) suitable values for a set of various
other user-specific settings. In doing so, the pump system can be configured to
display the automatically generated values for review by the user, and to furthermore
prompt the user to accept the automatically generated values for the user-specific
settings.

Sixth, some embodiments of the infusion pump system are configured to be
portable, wearable, and (in some circumstances) concealable. In such circumstances,
a user may conveniently wear the infusion pump system on the user’s skin under
clothing or can carry the pump system in the user’s pocket (or other portable location)
while receiving the medicine dispensed from the pump reservoir.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of an infusion pump system, in accordance with
some embodiments.

FIG. 2 is an exploded perspective view of an infusion pump system in
accordance with some embodiments.

FIGS. 3-4 are perspective views of the pump device of FIGS. 1-2 being
discarded and the controller device of FIGS. 1-2 being reused with a new pump
device.

FIG. 5 is an exploded perspective view of a controller device for an infusion
pump system, in accordance with some embodiments.

FIG. 6 is an exploded perspective view of the pump device of FIGS. 1-2
including a drive system detector, in accordance with some embodiments.

FIGS. 7A-B are perspective views of the infusion pump system of FIG. 1
including a user interface display for inputting a user-specific setting and an alert

related to that user-specific setting, in accordance with some embodiments.

PCT/US2014/019441
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FIGS. 8A-B are perspective views of the infusion pump system of FIG. 1
including a user interface display for inputting another user-specific setting and an
alert related to that user-specific setting, in accordance with some embodiments.

FIG. 9 is a process chart describing a method of controlling an infusion pump

5 system, in accordance with some embodiments.

FIG. 10 is a process chart describing a method of controlling an infusion pump
system, in accordance with some embodiments.

FIG. 11 is a perspective view of an alternative infusion pump system
configured to respond to user input of value for a particular setting, in accordance

10 with some embodiments.

FIGS. 12A-B are perspective views of the infusion pump system of FIG. 1
including a user interface display for inputting a bolus dosage and an alert related to
an infusion set device, in accordance with some embodiments.

FIG. 13 is a process chart describing a method of controlling an infusion pump

15 system, in accordance with some embodiments.

FIG. 14 is a perspective view of an alternative infusion pump system
configured to detect a potential problem with an infusion set device, in accordance
with some embodiments.

FIG. 15 is a process chart describing a method of controlling an infusion pump

20 system, in accordance with some embodiments.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
Referring to FIG. 1, some embodiments of an infusion pump system 10 can
include a pump device 100 and a controller device 200. Optionally, the controller
25 device can be configured to releasably attach with the pump device 100. The
controller device 200 can electrically communicate with the pump device 100 to
control a drive system housed in the pump device 100 to dispense a medicine to a user
(e.g., through a tube 147 of an infusion set 146 in this example). When the controller
device 200 and the pump device 100 are assembled together, the user can (in some
30 embodiments) conveniently wear the infusion pump system 10 on the user’s skin
under clothing, in a pouch clipped at the waist, or in the user’s pocket while receiving

the fluid dispensed from the pump device 100.
9
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Briefly, in use, the pump device 100 in this embodiment is configured to
removably attach to the controller device 200 in a manner that provides a secure
fitting, an overall compact size, and a reliable electrical connection. For example, as
described in more detail below in connection with FIGS. 2-4, the controller device
200 can include a housing 210 having a number of features that mate with
complementary features of the pump housing 110. In such circumstances, the
controller device 200 can removably attach with the pump device 100 in a generally
side-by-side configuration. The compact size permits the infusion pump system 10 to
be discrete and portable. The controller device 200 can receive user input for
purposes of storing a number of user-specific settings, which can subsequently
employ some or all of the user-specific settings to provide user-specific dosage
calculations or the like. In some embodiments, as described further below in
connection with FIGS. 7A-10, the pump system 10 can be configured to perform a
proactive or retroactive safety check of the one or more user-specific settings stored
by the controller (e.g., to verify a safe balance with other settings, scheduled dosage
amounts, or historical dosage amounts of the user).

Still referring to FIG. 1, in some embodiments, a glucose monitoring device 50
can be in communication with the infusion pump system 10 for the purpose of
supplying data indicative of a user’s blood glucose level to the controller device 200
included in the pump system 200. The infusion pump system 10 can utilize the data
indicative of a user’s blood glucose level to, for example, provide an alarm (e.g., an
audible or textual safety alarm, an audible or textual alert notification, or another type
of alarm) when the user’s blood glucose level falls below a low glucose alarm limit or
rises above a high glucose alarm limit. In some embodiments, as described further
below in connection with FIGS. 12A-13, the user’s blood glucose data can be
evaluated by the controller device 200 to detect possible problems with the infusion
set 146.

The glucose monitoring device 50 can include a housing 52, a wireless
communication device 54, and a sensor shaft 56. The wircless communication device
54 can be contained within the housing 52 and the sensor shaft 56 can extend outward
from the housing 52. In use, the sensor shaft 56 can penetrate the skin 20 of a user to

make measurements indicative of characteristics of the user’s blood (e.g., the user’s
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blood glucose level or the like). In response to the measurements made by the sensor
shaft 56, the glucose monitoring device 50 can employ the wireless communication
device 54 to transmit data to a corresponding wireless communication device 247
housed in the pump system 10. In some embodiments, the monitoring device 50 may
include a circuit that permits sensor signals (e.g., data from the sensor shaft 56) to be
communicated to the communication device 54. The communication device 54 can
transfer the collected data to the infusion pump assembly 60 (e.g., by wireless
communication to the communication device 247 arranged in the pump system 10).
Alternatively, the monitoring device 50 can employ other methods of obtaining
information indicative of a user’s blood characteristics and transferring that
information to the infusion pump assembly 60. For example, an alternative
monitoring device may employ a micropore system in which a laser porator creates
tiny holes in the uppermost layer of a user’s skin, through which interstitial glucose is
measured using a patch. In the alternative, the monitoring device can use
iontophoretic methods to non-invasively extract interstitial glucose for measurement.
In other examples, the monitoring device can include non-invasive detection systems
that employ near IR, ultrasound or spectroscopy, and particular embodiments of
glucose-sensing contact lenses. Invasive methods involving optical means of
measuring glucose could also be added. In yet another example, the monitoring
device can include an optical detection instrument that is inserted through the skin for
measuring the user’s glucose level.

Furthermore, it should be understood that in some alternative embodiments,
the monitoring device 50 can be in communication with the pump system 10 via a
wired connection. In other embodiments of the pump system 10, test strips (e.g.,
blood test strips) containing a sample of the user’s blood can be inserted into a strip
reader portion of the pump system to be tested for characteristics of the user’s blood.
Alternatively, the test strips (e.g., glucose test strips) containing a sample of the user’s
blood can be inserted into a glucose meter device (not shown in FIG. 1), which then
analyzes the characteristics of the user’s blood and communicates the information (via
a wired or wireless connection) to the pump system. In still other embodiments,
characteristics of the user’s blood glucose information can be entered directly into the

pump system 10 via a user interface on the controller device 200.
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Referring now to FIG. 2, the pump device 100 in this embodiment includes a
housing structure 110 that defines a cavity 116 in which a fluid cartridge 120 can be
received. The pump device 100 also can include a cap device 130 to retain the fluid
cartridge 120 in the cavity 116 of the housing structure 110. The pump device 100
can include a drive system (refer to FIG. 6) that advances a plunger 125 in the fluid
cartridge 120 so as to dispense fluid therefrom. In this embodiment, the controller
device 200 communicates with the pump device 100 to control the operation of the
drive system. Optionally, the controller device 200 may be configured as a reusable
component that provides electronics and a user interface to control the operation of
the pump device 100. In such circumstances, the pump device 100 can be a
disposable component that is disposed of after a single use. For example, as described
in more detail below in connection with FIGS. 3-4, the pump device 100 can be a
“one time use” component that is thrown away after the fluid cartridge 120 therein is
exhausted. Thereafter, the user can removably attach a new pump device 100’ (having
a new medicine cartridge 120”) to the reusable controller device 200 for the
dispensation of fluid from a new fluid cartridge 120°. Accordingly, the user is
permitted to reuse the controller device 200 (which may include complex or valuable
electronics, as well as a rechargeable battery) while disposing of the relatively low-
cost pump device 100 after each use. Such a pump system 10 can provide enhanced
user safety as a new pump device 100’ (and drive system therein) is employed with
cach new fluid cartridge 120°.

The pump system 10 can be a medical infusion pump system that is
configured to controllably dispense a medicine from the cartridge 120. As such, the
fluid cartridge 120 can contain a medicine 126 to be infused into the tissue or
vasculature of a targeted individual, such as a human or animal patient. For example,
the pump device 100 can be adapted to receive a medicine cartridge 120 in the form
of a carpule that is preloaded with insulin or another medicine for use in the treatment
of Diabetes (e.g., Byetta®, Symlin®, or others). Such a cartridge 120 may be supplied,
for example, by Eli Lilly and Co. of Indianapolis, IN. Other examples of medicines
that can be contained in the fluid cartridge 120 include: pain relief drugs, hormone
therapy, blood pressure treatments, anti-emetics, osteoporosis treatments, or other

injectable medicines. The fluid cartridge 120 may have other configurations. For
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example, the fluid cartridge 120 may comprise a reservoir that is integral with the
pump housing structure 110 (e.g., the fluid cartridge 120 can be defined by one or
more walls of the pump housing structure 110 that surround a plunger to define a

reservoir in which the medicine is injected or otherwise received).

In some embodiments, the pump device 100 can include one or more
structures that interfere with the removal of the medicine cartridge 120 after the
medicine cartridge 120 is inserted into the cavity 116. For example, the pump
housing structure 110 can include one or more retainer wings (not shown in FIG. 2)
that at least partially extend into the cavity 116 to engage a portion of the medicine
cartridge 120 when the medicine cartridge 120 is installed therein. Such a
configuration may facilitate the “one-time-use” feature of the pump device 100. In
some embodiments, the retainer wings can interfere with attempts to remove the
medicine cartridge 120 from the pump device 100, thus ensuring that the pump device
100 will be discarded along with the medicine cartridge 120 after the medicine
cartridge 120 is emptied, expired, or otherwise exhausted. In another example, the
cap device 130 can be configured to irreversibly attach to the pump body 110 so as to
cover the opening of the cavity 116. For example, a head structure of the cap device
130 can be configured to turn so as to threadably engage the cap device 130 with a
mating structure along an inner wall of the cavity 116, but the head structure may
prevent the cap device from turning in the reverse direction so as to disengage the
threads. Accordingly, the pump device 100 can operate in a tamper-resistant and safe
manner because the pump device 100 can be designed with a predetermined life
expectancy (e.g., the “one-time-use” feature in which the pump device is discarded
after the medicine cartridge 120 is emptied, expired, or otherwise exhausted).

Still referring to FIG. 2, the controller device 200 can be removably attached to
the pump device 100 so that the two components are mechanically mounted to one
another in a fixed relationship. Such a mechanical mounting can form an electrical
connection between the removable controller device 200 and the pump device 100.
For example, the controller device 200 can be in electrical communication with a
portion of the drive system (FIG. 6) of the pump device 100. As described in more
detail below, the pump device 100 can include a drive system that causes controlled

dispensation of the medicine or other fluid from the cartridge 120. In some
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embodiments, the drive system incrementally advances a piston rod (FIG. 6)
longitudinally into the cartridge 120 so that the fluid is forced out of an output end
122. A septum 121 (FIG. 2) at the output end 122 of the fluid cartridge 120 can be
pierced to permit fluid outflow when the cap device 130 is connected to the pump
housing structure 110. For example, the cap device 130 may include a penetration
needle that punctures the septum 121 during attachment of the cap device to the
housing structure 110. Thus, when the pump device 100 and the controller device 200
are attached and thereby electrically connected, the controller device 200
communicates electronic control signals via a hardwire-connection (e.g., electrical
contacts or the like) to the drive system or other components of the pump device 100.
In response to the electrical control signals from the controller device 200, the drive
system of the pump device 100 causes medicine to incrementally dispense from the
medicine cartridge 120. Power signals, such as signals from the rechargeable battery
245 (refer to FIG. 5) of the controller device 200 and from the power source 310 (refer
to FIG. 6) of the pump device 100 may also be passed between the controller device
200 and the pump device 100.

As shown in FIG. 2, the pump device 100 can include an electrical connector
118 (e.g., having conductive pads, pins, and the like) that is exposed to the controller
device 200 and that mates with a complementary electrical connector (refer to
connector 218 in FIG. 3) on the adjacent face of the controller device 200. The
electrical connectors 118 and 218 provide the electrical communication between the
control circuitry (refer, for example, to FIG. 5) housed in the controller device 200 and
at least a portion of the drive system or other components of the pump device 100.
For example, in some embodiments, the electrical connectors 118 and 218 can permit
the transmission of electrical control signals to the pump device 100 and the reception
of feedback signals (e.g., sensor signals) from particular components within the pump
device 100. The electrical connectors 118 and 218 may similarly facilitate
transmission of one or more power signals from the rechargeable battery pack 245 to
the pump device 100, where the signals may be used to provide power to components
of the pump device 100, or to transmit one or more power signals from the power
source 310 to the controller device, where the signals may be used to charge the

rechargeable battery 245 or to power components of the controller device 200.
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Still referring to FIG. 2, the controller device 200 can include a user interface
220 that permits a user to monitor the operation of the pump device 100. In some
embodiments, the user interface 220 can include a display device 222 and one or more
user-selectable buttons (e.g., several buttons 224 are shown in the embodiment of
FIGS. 1-2). The display device 222 can include an active area in which numerals,
text, symbols, images, or a combination thereof can be displayed. For example, the
display device 222 can be used to communicate a number of settings or menu options
for the infusion pump system 10. In this embodiment, the user may press one or more
of the buttons to shuffle through a number of menus or program screens that show
particular settings and data (e.g., review data that shows the medicine dispensing rate,
the total amount of medicine dispensed in a given time period, the amount of
medicine scheduled to be dispensed at a particular time or date, the approximate
amount of medicine remaining in the cartridge 120, or the like). In some
embodiments, the user can adjust the settings or otherwise program the controller
device 200 by pressing one or more buttons of the user interface 220. For example, in
embodiments of the infusion pump system 10 configured to dispense insulin, the user
may press one or more of the buttons to change the dispensation rate of insulin or to
request that a bolus of insulin be dispensed immediately or at a scheduled, later time.
In some implementations, the display device 222 may also be used to communicate
information regarding remaining battery life.

Accordingly, when the controller device 200 is connected to the pump device
100, the user can be provided with the opportunity to readily monitor the infusion
pump operation by simply viewing the user interface 220 of the controller device 200
connected to the pump device 100. Such monitoring capabilities may provide
comfort to a user who may have urgent questions about the current operation of the
pump device 100. Also, in these embodiments, there may be no need for the user to
carry and operate a separate module to monitor the operation of the pump device 100,
thereby simplifying the monitoring process and reducing the number of devices that
must be carried by the user. If a need arises in which the user desires to monitor the
operation of the pump device 100 or to adjust the settings of the pump system 10
(e.g., to request a bolus amount of medicine), the user can readily operate the user

interface 220 of the controller device 200, which is removably attached to the pump
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device 100, without the requirement of locating and operating a separate monitoring
module.

The controller device 200 can also be equipped with an inspection light device
230. The inspection light device 230 can provide the user with a tool to illuminate
and inspect a targeted location. For example, the inspection light device 230 can be
directed at the infusion site on the user’s skin to verify that the infusion set is properly
embedded, or the inspection light device 230 can be directed at the pump device 100
to illuminate the cavity 116 or other areas. The inspection light device 230 can also
be used to notify the user to an alert condition of the pump system 10. For example,
as described in more detail below, the inspection light device 230 can be activated
when the controller has detected a possible problem with the infusion set 146. An
activation of the inspection light device 230 can thereby provide a visual notification
(as an alternative to, or in addition to, the visual notification provided on the display
device 222) to the user that attention to the pump system 10 is warranted.

As shown in FIGS. 1-2, when the infusion pump system 10 operates, the
controller device 200 can be removably attached to the pump device 100 in a side-by-
side arrangement. For example, the pump device 100 may be moved in a longitudinal
direction (e.g., refer to direction 219 in FIG. 3) toward the controller device 200 until
the complementary features connect and secure the separate components in the side-
by-side arrangement. The controller device 200 can include a controller housing
structure 210 having a number of features that are configured to mate with
complementary features of the pump housing structure 110 so as to form a releasable
mechanical connection. For example, the pump housing structure 110 can include a
barrel 111 that mates with a complementary barrel channel 211 of the controller
housing 210. Also, the pump device can include an adjustable latch 113 (FIG. 2) that
is configured to releasably mate with a corresponding catch 213 (FIG. 3) of the
controller device 200. In various implementations, the pump device 100 and the
controller device 200 can be mounted to one another so that the assembled system 10
is resistant to water migration both into the pump housing structure 110 and the
controller housing structure 210. Such a configuration can also provide water-
resistant protection for the electrical connection between the pump device 100 and the

controller device 200. Thus, the sensitive internal components in the controller device
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200 and the pump device 100 can be reliably protected from water migration if the
user encounters water (e.g., rain, incidental splashing, and the like) while using the
pump system 10.

The infusion pump system 10 can be configured to be portable and can be
wearable and concealable. For example, a user can conveniently wear the infusion
pump system 10 on the user’s skin (e.g., skin adhesive) underneath the user’s clothing
or carry the pump device 100 in the user’s pocket (or other portable location) while
receiving the medicine dispensed from the pump device 100. The pump system 10
depicted in FIG. 1 as being held in a user’s hand 5 so as to illustrate an exemplary size
of the system 10 in accordance with some embodiments. This embodiment of the
infusion pump system 10 is compact so that the user can wear the portable infusion
pump system 10 (e.g., in the user’s pocket, connected to a belt clip, adhered to the
user’s skin, or the like) without the need for carrying and operating a separate module.
In such embodiments, the cap device 130 of the pump device 100 can be configured
to mate with an infusion set 146. In general, the infusion set 146 can be a tubing
system that connects the infusion pump system 10 to the tissue or vasculature of the
user (e.g., to deliver medicine into the tissue or vasculature under the user’s skin).
The infusion set 146 can include a flexible tube 147 that extends from the pump
device 100 to a subcutaneous cannula 149 that may be retained by a skin adhesive
patch (not shown) that secures the subcutaneous cannula 149 to the infusion site. The
skin adhesive patch can retain the infusion cannula 149 in fluid communication with
the tissue or vasculature of the user so that the medicine dispensed through the tube
147 passes through the cannula 149 and into the user’s body. The cap device 130 can
provide fluid communication between the output end 122 (FIG. 2) of the medicine
cartridge 120 and the tube 147 of the infusion set 146.

In some embodiments, the infusion pump system 10 can be pocket-sized so
that the pump device 100 and controller device 200 can be worn in the user’s pocket
or in another portion of the user’s clothing. In some circumstances, the user may
desire to wear the pump system 10 in a more discrete manner. Accordingly, the user
can pass the tube 147 from the pocket, under the user’s clothing, and to the infusion

site where the adhesive patch can be positioned. As such, the pump system 10 can be
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used to deliver medicine to the tissues or vasculature of the user in a portable,
concealable, and discrete manner.

In some embodiments, the infusion pump system 10 can be configured to
adhere to the user’s skin directly at the location in which the skin is penetrated for
medicine infusion. For example, a rear surface 102 (FIG. 3) of the pump device 100
can include a skin adhesive patch so that the pump device 100 can be physically
adhered to the skin of the user at a particular location. In these embodiments, the cap
device 130 can have a configuration in which medicine passes directly from the cap
device 130 into an infusion cannula 149 that is penetrated into the user’s skin. In
some examples, the user can temporarily detach the controller device 200 (while the
pump device 100 remains adhered to the skin) so as to view and interact with the user
interface 220.

Referring now to FIGS. 3-4, the infusion pump system 10 can be operated
such that the pump device 100 is a disposable, non-reusable component while the
controller device 200 is a reusable component. In these circumstances, the pump
device 100 may be configured as a “one-time-use” device that is discarded after the
medicine cartridge is emptied, expired, or otherwise exhausted. Thus, in some
embodiments, the pump device 100 can be designed to have an expected operational
life of about 1 day to about 30 days, about 1 day to about 20 days, about 1 to about 14
days, or about 1 day to about 7 days—depending on the volume of medicine in the
cartridge 120, the dispensation patterns that are selected for the individual user, and
other factors. For example, a medicine cartridge 120 containing insulin can have an
expected usage life of about 7 days after the cartridge is removed from a refrigerated
state and the septum 121 is punctured. In some circumstances, the dispensation
pattern selected by the user can cause the insulin to be emptied from the medicine
cartridge 120 before the 7-day period. If the insulin is not emptied from the medicine
cartridge 120 after the 7-day period, the remaining insulin can become expired
sometime thereafter. In either case, the pump device 100 and the medicine cartridge
120 therein can be collectively discarded after exhaustion of the medicine cartridge
120 (e.g., after being emptied, expired, or otherwise not available for use).

The controller device 200, however, may be reused with a subsequent new

pump devices 100° and a new medicine cartridges 120’ (FIG. 3). As such, the control
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circuitry, the user interface components, the rechargeable battery pack 245, and other
components that may have relatively higher manufacturing costs can be reused over a
longer period of time. For example, in some embodiments, the controller device 200
can be designed to have an expected operational life of about 1 year to about 7 years,
about 2 years to about 6 years, or about 3 years to about 5 years—depending on a
number of factors including the usage conditions for the individual user. Accordingly,
the user can be permitted to reuse the controller device 200 (which can include
complex or valuable electronics, and a rechargeable battery pack) while disposing of
the relatively low-cost pump device 100 after each use. Such a pump system 10 can
provide enhanced user safety as a new pump device 100’ (and drive system therein) is
employed with each new medicine cartridge 120°.

As shown in FIGS. 3-4, the same controller device 200 can be reused with the
new pump device 100’ having the new medicine cartridge 120’ retained therein, and
the previously used pump device 100, including the exhausted medicine cartridge, can
be discarded in a discard bin 20. The new pump device 100’ (FIG. 3) can have a
similar appearance, form factor, and operation as the previously used pump device
100, and thus the new pump device 100’ can be readily attached to the controller
device 200 for controlled dispensation of medicine from the new medicine cartridge
120°. In some embodiments, the user can prepare the new pump device 100’ for use
with the controller device 200. For example, the user may insert the new medicine
cartridge 120’ in the cavity 116 of the new pump device 100’ and then join the cap
device 130 of the new pump device 100’ to the pump housing to retain the new
medicine cartridge 120’ therein (refer, for example, to FIG. 1). Although the tubing
147 of the infusion set 146 is not shown in FIG. 3, it should be understood that a new
infusion set tubing 147 can be attached to the cap device 130 prior to the cap device
130 being joined with the housing 110. For example, a new infusion set 146 can be
connected to the cap device 130 so that the tubing 147 can be primed (e.g., a selected
function of the pump device 100 controlled by the controller device 200) before
attaching the cannula’s adhesive patch to the user’s skin. As shown in FIG. 3, the new
medicine cartridge 120’ may be filled with medicine such that the plunger 125 is not
viewable through the barrel 111.
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The new pump device 100’ can be removably attached to the controller device
200 to assemble into the infusion pump system 10 for delivery of medicine to the user.
As previously described, the guided motion in the longitudinal direction 219 provides
the user with a convenient “one-movement” process to attach the pump device 100’
and the controller device 200. For example, the user can readily slide the pump
device 100’ and the controller device 200 toward one another in a single movement
(e.g., in the longitudinal direction 219) that causes both a physical connection and an
electrical connection. Thus, the infusion pump system 10 can permit users to readily
join the pump device 100 and the controller device 200 without compound or
otherwise difficult hand movements—a feature that can be particularly beneficial to
child users or to elderly users.

Referring now to FIG. 5, the controller device 200 (shown in an exploded
view) houses a number of components that can be reused with a series of successive
pump devices 100. In particular, the controller device 200 can include control
circuitry 240 and a rechargeable battery pack 245, each arranged in the controller
housing 210. As described above, rechargeable battery pack 245 may provide
electrical energy to components of control circuitry 240, other components of the
controller device (e.g., a display device 222 and other user interface components,
sensors, or the like), or to components of the pump device 100. The control circuitry
240 may be configured to communicate control or power signals to the drive system
of the pump device 100, or to receive power or feedback signals from the pump
device 100.

The control circuitry 240 of the controller device 200 can include one or more
microprocessors 241 configured to execute computer-readable instructions stored on
one or more memory devices 242 so as to achieve any of the control operations
described herein. At least one memory device 242 of the control circuitry may be
configured to store a number of user-specific settings that are input via the user
interface 220. For example, the control circuitry 240 can cause the memory device
242 to store any of the following user-specific settings: carbohydrate ratio, insulin
sensitivity, scheduled total basal dose per day, and weight. Also, the control circuitry
240 can cause the memory device 242 to store any of the following parameters

derived from the historical pump usage information: average total daily dose, average
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total basal dose per day, average total bolus dose per day, a ratio of correction bolus
amount per day to food bolus amount per day, amount of correction boluses per day, a
ratio of a correction bolus amount per day to the average total daily dose, a ratio of the
average total basal dose to the average total bolus dose, average maximum bolus per
day, frequency of using an auto-off alarm per day, and a frequency of cannula and
tube primes per day. To the extent these aforementioned settings or historical
parameters are not stored in the memory device 241, the control circuitry 240 can be
configured to calculate any of these aforementioned settings or historical parameters
from other data stored in the memory device 241 or otherwise input via the user
interface 220.

The user interface 220 of the controller device 200 can include input
components and/or output components that are electrically connected to the control
circuitry 240. For example, the user interface 220 can include the display device 222
having an active area that outputs information to a user and buttons 224 that the user
can use to provide input. Here, the display device 222 can be used to communicate a
number of settings or menu options for the infusion pump system 10. In some
embodiments, the control circuitry 240 can receive input commands from a user’s
button selections and thereby cause the display device 222 to output a number of
menus or program screens that show particular settings and data (e.g., review data that
shows the medicine dispensing rate, the total amount of medicine dispensed in a given
time period, the amount of medicine scheduled to be dispensed at a particular time or
date, the approximate amount of medicine remaining the cartridge 120, the amount of
battery life remaining, or the like). The control circuitry 240 can be programmable to
cause the control circuitry 240 to change any one of a number of settings for the
infusion pump system 10. For example, the user may provide one or more
instructions to adjust a number of settings for the operation of the infusion pump
system 10. Such settings may be stored in one or more memory devices arranged in
the control circuitry 240.

Still referring to FIG. 5, the infusion pump system 10 can be equipped with the
inspection light device 230 to conveniently aid in visual inspection processes. For
example, visual inspection and possible change of the infusion set 146 may be

required in less than optimal conditions, including low-light conditions. Likewise,
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visual inspection of the pump housing cavity 116 (and the medicine cartridge 120
therein) may be required in low-light conditions. The user interface 220 of the
controller device 200 can include an illuminated display screen 222 to facilitate the
user’s view of the display screen 222, but the inspection light device 230 provides a
dedicated light source for illuminating targeted sites external to the controller device
200, for providing an alert notification, or a combination thereof. The inspection light
device 230 can include one or more user triggered light sources that are positioned to
direct illumination at targeted objects outside of the pump system 10 or at components
of the pump device 100. In the embodiment depicted in FIG. 5, the light source is
arranged on the controller device 200. Such an arrangement provides close proximity
to the control circuitry 240 housed in the controller device 200, thereby permitting the
light source of the inspection light device 230 to be electrically connected to the
control circuitry. In other embodiments, could be arranged on the pump device 100 or
on both the controller device 200 and the pump device 100. The inspection light
device 230 can also be used to provide a visual notification to the user in the event of
an alert or alarm condition. For example, as described further below in connection
with FIGS. 7A-10 and 12A-13, the inspection light device 230 can be activated in
response to the controller device 200 detecting a possible problem with the infusion
set 146.

In some optional embodiments, the control circuitry 240 can include a cable
connector (e.g., a USB connection port or another data cable port) that is accessible
on an external portion of the controller housing 210. As such, a cable can be
connected to the control circuitry 240 to upload data or program settings to the control
circuitry or to download data from the control circuitry. For example, historical data
of medicine delivery can be downloaded from the control circuitry 240 (via the cable
connector) to a computer system of a physician or a user for purposes of analysis and
program adjustments. Optionally, the data cable can also provide recharging power.

Referring now to FIG. 6, the pump device 100 can include a drive system 300
that is controlled by the controller device 200. As described in more detail below, the
drive system 300 can incrementally dispense fluid in a controlled manner from the
cartridge 120 (FIG. 2) inserted into the pump device 100. In this embodiment, the

pump device 100 houses the drive system 300 and the power source 310. For
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example, the power source 310 may comprise an alkaline battery cell, such as a 1.5
Volt “AAA” alkaline battery cell, which is contained in a dedicated space of the pump
housing structure 110. The power source 310 may be capable of transmitting
electrical energy to the controller device 200 when the pump device 100 is attached to
the controller device 200, via connectors 118 and 218 as described above. For
example, the power source 310 may be used to charge the rechargeable battery pack
245 (FIG. 5) when the pump device 100 is attached to the controller device 200. In
some embodiments, the power source 310 is used to provide energy to the drive
system 300 of the pump device 100, and also to electronic components of the
controller device 200. In particular embodiments, the power source 310 may provide
the energy to power all aspects of the infusion pump system 10. In some alternative
embodiments, the rechargeable battery 245 housed in the controller 200 may provide
the energy to power all aspects of the infusion pump system 10. In other
embodiments, the rechargeable battery 245 and the power source 310 may each be
responsible for powering particular aspects of the infusion pump system 10. In
further embodiments, the rechargeable battery 245 may provide the energy to
supplement the energy provided by the power source 310 to power aspects of the
infusion pump system.

Still referring to FIG. 6, in some embodiment, the drive system 300 may
include a number of components, such as an clectrically powered actuator (e.g.,
reversible motor 320 or the like), a drive wheel 360, a flexible piston rod 370, and a
plunger engagement device 375. In this embodiment, the reversible motor 320 drives
a gear system (not shown in FIG. 6) to cause the incremental rotation of the drive
wheel 360. For example, the drive wheel 360 can be incrementally rotated via a
repeated motion of a ratchet mechanism actuated by the gear system coupled to the
motor 320. The drive wheel 360 may include a central aperture with an internal
thread pattern, which mates with an external thread pattern on the flexible piston rod
370. The interface of the threaded portions of the drive wheel 360 and flexible piston
rod 370 may be used to transmit force from the drive wheel to the piston rod 370.
Accordingly, in the embodiment of FIG. 6, the drive wheel 360 is the driver while the

flexible piston rod 370 is the driven member. As further described below, the rotation
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of the drive wheel 360 can drive the flexible piston rod 370 forward in a linear
longitudinal direction toward the medicine cartridge 120 (FIG. 2).

Referring now to FIGS. 7A-7B, the infusion pump system 10 can be
configured to receive user input for one or more user-specific settings and to
thereafter output an alert to the user if the newly input value for the user-specific
setting is out of balance with one or more different user-specific settings stored by the
pump system 10. For example, the user interface 220 can be employed to manually
input any of the following user-specific settings: carbohydrate ratio, insulin
sensitivity, scheduled basal dosages per day (e.g., basal profile), and weight. In the
particular embodiment depicted in FIG. 7A, the user interface 220 is employed to
input a new value for the insulin sensitivity (e.g., in units of mg/dL/insulin unit),
which can be employed by the controller device 10 each time the user requests a
calculation for a correction bolus dosage. Because this parameter may vary among
different users, the parameter is a user-specific setting (e.g., one person’s bodily
response to a dosage of insulin can be quite different from another person’s bodily
response to the same dosage of insulin). The user may activate particular buttons 224
of the user interface 220 so as to select a particular menu option that prompts the user
to input the new value for this particular setting. As shown in FIG. 7B, if the new
value input by the user is out of balance with one or more different user-specific
settings, the infusion pump system 10 can output an alert to the user. Example
processes for determining whether the newly input value is out of balance with other
settings are described in more detail below in connection with FIGS. 9-10. In this
example, the alert is provided to the user in the form of a textual alert message and,
optionally, an audible or vibratory alarm and a temporary illumination of the
aforementioned flashlight instrument 230. In addition to providing the alert, the
controller device 200 may also prompt the user to take a corrective action. For
example, the user can select a button 224a that indicates the user does not want to
continue with the possibly erroneous setting, which then causes the controller device
to respond by displaying the menu option for inputting a new value for the user-
specific setting (refer to FIG. 7A again). Alternatively, the user can select a button
224b indicating that the user wishes to continue with the newly input value for the

setting, which will then silence the alert (either permanently or for a predetermined
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period of time, such as about 1 hour to about 96 hours, about 8 hours to about 48
hours, and preferably about 24 hours in this example).

Referring now to FIGS. 8A-8B, the infusion pump system 10 can be
configured to receive user input for one or more user-specific settings related to a
daily basal dosage schedule (e.g., the user’s basal profile) and to thereafter output an
alert to the user if the newly input value for the scheduled amount of total daily basal
dosages is out of balance with one or more different user-specific settings stored by
the pump system 10. As previously described, the user interface 220 can be employed
to manually input the scheduled basal dosage(s) per day, which may be a single basal
rate over an entire 24-hour period or may be a set of different basal rates over an
entire 24-hour period (e.g., a basal rate of 0.7 Units/hour from 12:00 am to 8:00 am, a
basal rate of 0.8 Units/hour from &:00 am to 4:00 pm, and yet another basal rate of 0.6
Units/hour from 4:00 pm to 12:00 am. Such a basal schedule can be stored by the
controller device 200 and used to calculate the total daily basal dosage. Here again,
this parameter may vary among different users, depending on the user’s lifestyle, the
user’s bodily response to a dosage of insulin, and other factors. The user may activate
particular buttons 224 of the user interface 220 so as to sclect a particular menu option
that prompts the user to input the new value(s) for this particular setting. As shown in
FIG. 8B, if the new value(s) input by the user create a total daily basal dosage that is
out of balance with one or more different user-specific settings, the infusion pump
system 10 can output an alert to the user. Again, example processes for determining
whether the newly input value is out of balance with other settings are described in
more detail below in connection with FIGS. 9-10. In this example, the alert is
provided to the user in the form of a textual alert message and, optionally, an audible
or vibratory alarm and a temporary illumination of the aforementioned flashlight
instrument 230. In addition to providing the alert, the controller device 200 may also
prompt the user to take a corrective action. For example, the user can select a button
224a that indicates the user does not want to continue with the possibly erroneous
setting, which then causes the controller device to respond by displaying the menu
option for inputting a new value for the basal dosage schedule (refer to FIG. 8A
again). Alternatively, the user can select a button 224b indicating that the user wishes

to continue with the newly input value for the setting, which will then silence the alert
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(either permanently or for a predetermined period of time, such as about 1 hour to
about 7 days, about 8 hours to about 48 hours, and preferably about 24 hours in this
example).

In addition or in the alternative, the infusion pump system 10 can be
configured to output an alert to the user if a newly input value a particular basal rate
for a portion of a day (not necessarily the total daily basal dosage) is out of balance
with one or more different user-specific settings stored by the pump system 10. For
example, if a basal rate for a particular user was previously set at 1.0 Units/hour of
each day (resulting in a total daily basal dosage of 24 Units/day), a newly input value
for a basal rate during only a small portion of the day (e.g., a newly input basal rate of
3 Units/hour for 3 hours from 1:00 pm to 4:00 pm) could cause possible user safety
issues due to the significant surge in basal rate change over the short window of time.
As such, some embodiments of the infusion pump system 10 can be configured to
compare the different segments of the user’s basal rate profile to any newly input
values for a particular basal rate segment for purposes of identifying any segments of
the basal profile that are out of balance with the other segments of the basal profile.
For example, the infusion pump system 10 can identify that a newly input value of a
particular basal rate segment is out of balance with the remaining portions of the basal
profile when the newly input value includes a basal rate that is greater than twice the
average basal rate (Units/hour) of the remaining portions of the basal profile, or that is
greater than three times the average basal rate (Units/hour) of the remaining portions
of the basal profile. In this example, the infusion pump system 10 can output an alert
to the user in the form of a textual alert message and, optionally, an audible or
vibratory alarm and a temporary illumination of the aforementioned flashlight
instrument 230. In addition to providing the alert, the controller device 200 may also
prompt the user to take a corrective action. For example, the user can select a button
224a that indicates the user does not want to continue with the possibly erroneous
setting, which then causes the controller device to respond by displaying the menu
option for inputting a new value for the basal dosage schedule.

Referring now to FIG. 9, some embodiments of a method 300 for controlling
an infusion pump system can be implemented so as to proactively monitor newly

input values for user-specific settings and to alert a user if the newly input value is out
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of balance with one or more different user-specific settings previously stored by the
infusion pump system. Such a method 300 can be implemented by any of infusion
pump systems described herein.

The method 300 can include an operation 310 of displaying a menu option for
inputting one or more user-specific settings. The menu option can be displayed via a
user interface display screen of an infusion pump system (refer, for example, to FIGS.
7A and 8A). As previously described, a user may activated one or more buttons on a
user interface of an infusion pump system so as to enter the selected menu option and
thereby receive a prompt to input a new value for a particular user-specific setting.

The method can also include operation 320, wherein the infusion pump system
receives user input for a user-specific setting for the infusion pump system. As
previously described, the user interface of the infusion pump system can be employed
to manually input any of the following user-specific settings: carbohydrate ratio,
insulin sensitivity, scheduled basal dosages per day (e.g., basal profile), and weight.

Still referring to FIG. 9, the method 300 can also include the operation 330 in
which the infusion pump system determines whether the newly input value of the
user-specific setting is out of balance with one or more other user-specific settings
stored by the infusion pump system. This operation 330 can include comparing the
newly input value to a range of proper values calculated as a function of at least one
of the different user-specific settings previously stored by the infusion pump system.
For example, any newly input value for a carb ratio setting or an insulin sensitivity
setting can be compared to the previously stored setting for the user’s daily basal
schedule (which provides the total daily basal dosage) as follows:

Balanced Range for Carb Ratio = [1.3*(Weight)*(1 - K)]/(Basal) to

[1.3*(Weight)*(1 + K)]/(Basal), and
Balanced Range for Insulin Sensitivity = [980(1 - K)]/(Basal) to
[980(1 + K)]/(Basal),
where: K = tolerance setting (e.g., 0.1 for an average pump user),
Weight = the user’s weight in Ibs.,
Basal = Total Daily Basal Dosage Amount (calculated from the user’s
basal profile) in Units of insulin,

Carb Ratio is in units of grams/Unit, and
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Insulin Sensitivity is in units of mg/dl/Unit.
Also in this example, any newly input value for an insulin sensitivity setting or the
user’s daily basal schedule (which provides the total daily basal dosage) can be
compared to the previously stored setting for the user’s carb ratio as follows:
Balanced Range for Insulin Sensitivity = [754*(Carb Ratio)*(1 -
K)]/(Weight)
to [754*(Carb Ratio)*(1 + K)])/(Weight), and
Balanced Range for Total Daily Basal Dosage =
[1.3*(Weight)*(1 - K)]/(Carb Ratio) to [1.3*(Weight)*(1 + K)]/(Carb
Ratio),
where: K = tolerance setting (e.g., 0.1 for an average pump user),
Weight = the user’s weight in Ibs.,
Basal = Total Daily Basal Dosage Amount (calculated from the user’s
basal profile) in Units of insulin,
Carb Ratio is in units of grams/Unit, and
Insulin Sensitivity is in units of mg/dl/Unit.
Also in this example example, any newly input value for a carb ratio setting or the
user’s daily basal schedule (which provides the total daily basal dosage) can be
compared to the previously stored setting for the user’s carb ratio as follows:
Balanced Range for Carb Ratio =
(0.00133)*(Weight)*(Insulin Sensitivity)*(1 - K) to
(0.00133)*(Weight)*(Insulin Sensitivity)*(1 + K), and
Balanced Range for Total Daily Basal Dosage =
[980*(1 - K)]/(Insulin Sensitivity) to [980*(1 + K)]/(Insulin Sensitivity),
where: K = tolerance setting (e.g., 0.1 for an average pump user),
Weight = the user’s weight in Ibs.,
Basal = Total Daily Basal Dosage Amount (calculated from the user’s
basal profile) in Units of insulin,
Carb Ratio is in units of grams/Unit, and
Insulin Sensitivity is in units of mg/dl/Unit.
Alternatively, this operation 330 can include comparing the newly input value to a

look-up table stored by the infusion pump system that identifies a proper value (+/- a
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tolerance range) for the first user-specific setting based on the previously stored
values for at least one of the different user-specific settings.

If the operation 330 yields a result in which the newly input value for the user-
specific setting is not out of balance with the other user-specific settings (e.g., not
outside of the balanced ranges shown in the functions above, not outside the proper
corresponding value from the aforementioned look-up table, or the like), the method
can continue to operation 340 in which the infusion pump system stores the newly
input value for the user-specific setting. For example, the newly input value can be
stored by the memory device 241 (FIG. 5) of the control circuitry 240 housed by the
pump system 10.

If, however, the operation 330 yields a result in which the newly input value
for the user-specific setting is out of balance with one or more of the other user-
specific settings (e.g., the newly input value falls outside the balanced ranges shown
in the functions above, falls outside the proper corresponding value from the
aforementioned look-up table, or the like), the method can continue to operation 350
in which the infusion pump system outputs an alert to the user via a user interface.
For example, the infusion pump system can output a textual alert message via a user
interface display screen (refer, for example, to FIGS. 7B and 8B), which indicates to
the user that the newly input value may be unsafe or otherwise erroneous. Optionally,
the infusion pump system may also alert the user via an audible tone, a vibratory
movement, an activation the flashlight illumination instrument 230, or a combination
thereof.

Still referring to FIG. 9, the method 300 may also include the operation 360 in
which the infusion pump system prompts the user either to continue with the newly
input value that gave rise to the aforementioned alert or to reject the newly input value
and provide a corrected value for the user-specific setting. For example, the infusion
pump system may prompt the user to selected either button 224a or button 224b as
shown in FIG. 7B or FIG. 8B.

As shown in operation 370, if the user indicates via the user interface that he
or she elects to continue with the newly input value (e.g., to “override” or “ignore” the
alert), the method 300 may continue to operation 340 in which the infusion pump

system stores the newly input value for the user-specific setting. Such a selection
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from the user (e.g., indicating that the user wishes to continue with the newly input
value for the setting) will then silence the alert either permanently or for a
predetermined period of time, such as about 1 hour to about 96 hours, about § hours to
about 48 hours, and preferably about 24 hours in one example.

Alternatively, as shown in operation 370, if the user indicates via the user
interface that he or she will not continue with the newly input value, the method 300
may return to operation 310 in which the infusion pump displays the aforementioned
menu option that prompts the user to input a new (corrected) value for the particular
user-specific setting. As previously described, the menu option can be displayed via a
user interface display screen of an infusion pump system (refer, for example, to FIGS.
7A and 8A).

Still referring to FIG. 9, it should be understood from the description herein
that the infusion pump system can implement the method 300 and additionally
provide a number of convenient options to the user when the alert (operation 350) is
output to the user. For example, the content of textual alert message can vary by the
degree of imbalance or by the particular user-specific setting that is out of balance.
Additionally, some embodiments of the infusion pump system can be configured to
provide the user with an option to temporarily silence or disable the aforementioned
alert for a limited period of time (e.g., about 1 minute to about 60 minutes, about 5
minutes to about 20 minutes, and preferably about 10 minutes), after which the
infusion pump system would again prompt the user with the same alert (e.g., repeat
operation 350). In such circumstances, the limited period of time during with the alert
is silenced can vary (e.g., the frequency of the alert output from the infusion pump
system can vary) depending upon the degree of imbalance or by the particular user-
specific setting that is out of balance. Furthermore, some embodiments of the
infusion pump system can be configured to prevent the user from continuing with the
newly input value for the user-specific setting that is out of a balanced range with a
different one of the user-specific setting (e.g., preventing the operation 370 and
thereby by requiring the user to accept the originally stored value or to input a
corrected value at operation 310). Additionally, in some embodiments, the level of
imbalance tolerated can be adjustable (e.g., the tolerance factor K in the functions

listed above can be adjusted) in response to user input from a clinician or the user.
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Referring now to FIG. 10, some embodiments of a method 400 for controlling
an infusion pump system can be implemented so as to retrospectively evaluate a
previously stored value of user-specific settings and pump usage information to
thereby alert the user if any of the values is out of balance with a different user-
specific setting or pump usage value. Such a method 400 can be implemented by any
of infusion pump systems described herein.

The method 400 can include an operation 410 of dispensing medicine to a user
from an infusion pump system over a period of time. For example, the infusion pump
system 10 can dispense insulin to a user in a combination of basal and bolus dosages
over a period of days. In operation 420, the infusion pump system can store values of
a number of user-specific settings and pump usage parameters. For example, as
previously described, the memory device of the control circuitry 240 can be
configured to store at least the following user-specific settings: carbohydrate ratio,
insulin sensitivity, the user’s weight, and the user’s daily basal schedule (which
indicates the user’s total daily basal dosage). Additionally, the memory device of the
control circuitry 240 can be configured to store any of the following pump usage
parameters: average total daily dose, average total basal dose per day, average total
bolus dose per day, a ratio of correction bolus amount per day to food bolus amount
per day, amount of correction boluses per day, a ratio of a correction bolus amount
per day to the average total daily dose, a ratio of the average total basal dose to the
average total bolus dose, average maximum bolus per day, frequency of using an
auto-off alarm per day, and a frequency of cannula prime operations and tube prime
operations per day.

Still referring to FIG. 10, the method 400 can include operation 430 in which
the infusion pump system retrospectively evaluates a presently stored value of one of
the aforementioned user-specific settings and the pump usage parameters. For
example, the presently stored value for the selected one of these aforementioned
settings or parameters can be analyzed by the controller device to determine whether
there is a possible imbalance in a user-specific setting, a possible improper use of the
pump system, or both. In operation 440, the infusion pump system determines
whether the first value of the selected settings or parameters is out of balance with one

or more other settings or parameters stored in the memory device (refer to operation
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420). For example, the infusion pump system can identify an improper pump usage
by comparing the average total basal dose per day, average total bolus dose per day,
as follows:
Balanced Range for Bolus = (Basal)*[(0.5 - K)/( 0.5 + K)] to
(Basal)*[(0.5 + K)/( 0.5 - K)],
Where: Bolus = average total bolus dose per day,
Basal = average total basal dose per day (or, alternatively, the user’s
total daily basal dosage as calculated from the user’s daily basal
schedule), and

K = tolerance setting (e.g., 0.1 for an average pump user).

Balanced Range for Basal = (Bolus)*[(0.5 - K)/( 0.5 + K)] to
(Bolus)*[(0.5 + K)/( 0.5 - K)],
Where: Bolus = average total bolus dose per day,
Basal = average total basal dose per day (or, alternatively, the user’s
total daily basal dosage as calculated from the user’s daily basal
schedule), and
K = tolerance setting (e.g., 0.1 for an average pump user).
Thus, in this example, if the average total daily bolus dosage is significantly greater
than the average total daily basal dosage, the infusion pump device can be configured
to determine that the user may be over compensating for a lack of basal dosages using
an elevated amount of correction bolus dosages throughout the day.

Also in this example for operation 440, the infusion pump system can identify
an improper pump usage by comparing average total daily dose to each of the average
total basal dose per day and average total bolus dose per day, as follows:

Balanced Range for Basal = (0.5 - K)(Total Daily Dose) to (0.5 + K)(Total Daily
Dose),

Where: Total Daily Dose = average total daily dose (combined bolus and
basal),

Basal = average total basal dose per day (or, alternatively, the user’s
total daily basal dosage as calculated from the user’s daily basal

schedule), and
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K = tolerance setting (e.g., 0.1 for an average pump user).

Balanced Range for Bolus = (0.5 - K)(Total Daily Dose) to (0.5 + K)(Total Daily
Dose),

Where: Total Daily Dose = average total daily dose (combined bolus and

basal),

Bolus = average total bolus dose per day, and

K = tolerance setting (e.g., 0.1 for an average pump user).
Thus, in this example, if the average total daily bolus dosage is a significant majority
of the average total daily dose, the infusion pump device can be configured to
determine that the user may be over compensating for a lack of basal dosages using an
elevated amount of correction bolus dosages throughout the day (or that the presently
stored value for the insulin sensitivity value is inaccurate).

Additionally in this example for operation 440, the infusion pump system can
identify an improper pump usage if the frequency of cannula priming operations is out
of balance with the frequency of tube priming operations. In particular, the infusion
pump system can be configured to perform two different types of priming operations
(cannula prime and tubing prime). A tubing prime is an operation that occurs before
the infusion set 146 is attached to the user’s skin. During this tubing prime operation,
the pump system dispenses medicine through the tube 147 of the infusion set 146 until
the medicine exits the cannula tip (e.g., a drop of medicine appears out of the cannula
tip). The cannula priming operation is generally performed after the cannula tip of the
infusion set 146 is inserted through a penetration point of the user’s skin. The cannula
priming operation is usually performed for the purpose of backfilling the empty space
in the infusion set cannula that might exist after insertion through the skin penetration
point, and it is typically significantly smaller than the tubing prime operation. Here,
the infusion pump system can identify an improper pump usage by comparing number
of cannula prime operations (as stored in the pump usage information) to the number
of tubing prime operations (also as stored in the pump usage information), as follows:

Balanced Range for Cannula Prime Operations =

(Tubing Prime Operations)*[(0.5 - K)/( 0.5 + K)] to
(Tubing Prime Operations)*[(0.5 + K)/( 0.5 - K)],
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Where: Cannula Prime Operations = the number of cannula prime operations

given time period (e.g., about 1 to about 3 days),

Tubing Prime Operations = the number of tubing prime operations in a

given time period (e.g., about 1 to about 3 days), and

K = tolerance setting (e.g., 0.1 for an average pump user).
Thus, if the number of tubing prime operations are significantly less than number of
cannula prime operations during the same period of time, the infusion pump device
can be configured to determine that the user may be improperly using tubing prime
operations during setup of each new infusion set 146. Additionally or alternatively,
the number of tubing prime operations and the number of cannula prime operations
can be compared to a predefined limit for a particular time period (e.g., 0 to 3 tubing
prime operations for each four-day period, 0 to 1 tubing prime operation for each two-
day period, or the like; and 0 to 3 cannula prime operations for each four-day period,
0 to 1 cannula prime operation for each two-day period, or the like). Additionally or
alternatively, for those embodiments in which the pump system 10 employs a
disposable pump device 100, the number of tubing prime operations and the number
of cannula prime operations can be compared to a predefined limit for each new pump
device 100 that is attached to the controller device 200 (e.g., 1 to 4 tubing prime
operations for each new pump device 100, preferable 1-2 tubing prime operations for
each new pump device 100; and 1 to 4 cannula prime operations for each new pump
device 100, preferable 1-2 cannula prime operations for each new pump device 100).
Furthermore, it should be understood from the description herein that, in some,
embodiments, the “number of tubing prime operations” used in the aforementioned
comparisons/calculations would exclude any tubing prime operations were initiated in
response to an alarm of the pump system 10 (e.g., such as a tubing occlusion alarm).

It should be understood from the description herein that the infusion pump

system can be configured to perform the retrospective safety check of the pump usage
parameters and user-specific settings by comparing any two or more the following
stored values: average total daily dose, average total basal dose per day, average total
bolus dose per day, a ratio of correction bolus amount per day to food bolus amount

per day, amount of correction boluses per day, a ratio of a correction bolus amount per
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day to the average total daily dose, a ratio of the average total basal dose to the
average total bolus dose, average maximum bolus per day, frequency of using an
auto-off alarm per day, a frequency of cannula prime operations and tube prime
operations per day, the user’s carbohydrate ratio, the user’s insulin sensitivity, the
user’s weight, and the user’s daily basal schedule (which indicates the user’s total
daily basal dosage).

Still referring to FIG. 10, if the operation 440 yields a result in which the first
value of the selected settings or parameters is not out of balance with one or more
other settings or parameters stored in the memory device, the method can return to
operation 410 in which the infusion pump system dispenses the medicine in
accordance with normal usage.

If, however, the operation 440 yields a result in which the first value of the
selected settings or parameters is out of balance with one or more other settings or
parameters stored in the memory device, the method can continue to operation 450 in
which the infusion pump system outputs an alert to the user via a user interface. For
example, the infusion pump system can output a textual alert message via a user
interface display screen, which indicates to the user that the particular pump setting or
usage parameter is out of a balanced range. Optionally, the infusion pump system
may also alert the user via an audible tone, a vibratory movement, activation the
flashlight illumination instrument 230, or a combination thereof.

As shown in operation 460, if the user indicates via the user interface that he
or she elects to cancel the alarm that was output in operation 450 (e.g., to “override”
or “ignore” the alert), the method 400 may continue to operation 470 in which the
alarm is silenced for a predetermined period of time. Such a selection from the user
will then silence the alarm for a predetermined period of time, such as about 1 hour to
about 96 hours, about 8 hours to about 48 hours, and preferably about 24 hours in one
example.

Alternatively, as shown in operation 460, if the user does not indicate via the
user interface that he or she elects to cancel the alarm, the method 400 may continue
to operation 480 in which the infusion pump system prompts the user to take one or
more corrective actions. The particular corrective actions prompted by the infusion

pump system can be dependent upon which particular selected setting or parameter is
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out of balance with one or more other settings or parameters stored in the memory
device. For example, if the pump usage parameters stored in the memory device
reveal that the average total daily bolus dosage is significantly greater than the
average total daily basal dosage, the infusion pump device can prompt the user to
increase that basal dosage throughout the day, to increase the value for the user’s carb
ratio setting, to increase the value for the user’s insulin sensitivity setting (refer to
FIG. 7A), or a combination thercon. In another example, if the pump usage
parameters stored in the memory device reveal that the number of tubing prime
operations per day are significantly less than number of cannula prime operations per
day, the infusion pump device can prompt the user to view a “troubleshoot”
instruction guide (e.g., displayed on the user interface screen) that instructs the user
on how to properly perform tubing prime operations during setup of each new
infusion set 146.

The method 400 may also include operation 490 in which the infusion pump
system receives user input in response to the prompting at operation 480. For
example, the infusion pump system can receive user input at operation 490 when the
user provides a new value to replace one or the aforementioned settings. In another
example, the infusion pump system can receive user input at operation 490 when the
user activates a button to acknowledge that the aforementioned troubleshooting
instruction guide was viewed.

From there, the method 400 can return to operation 410 in which the infusion
pump system dispenses the medicine in accordance with normal usage.

Referring now to FIG. 11, some embodiments of a portable infusion pump
system 500 employing one or more of the aforementioned safety features (e.g., similar
to those depicted in any of FIGS. 7A-10) can employ a reusable pump apparatus
(rather than a disposable pump device as previously described). In such
circumstances, the infusion pump system 500 may comprise a reusable device that
houses the control circuitry and the pump drive system within a single housing
construct. In the particular embodiment depicted in FIG. 11, the pump system 500
comprises a reusable pump device that houses both the control circuitry and the pump
drive system (which may include a piston rod and one or more gears). Similar to

previously described embodiments, the pump system 500 can include a housing
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structure that defines a cavity in which a medicine cartridge can be received (not
shown in FIG. 11; refer for example to cartridge 120 in FIG. 2). For example, the
pump system 500 can be adapted to receive a medicine cartridge in the form of a
carpule that is preloaded with insulin or another medicine. The pump drive system
can act upon the fluid cartridge to controllably dispense medicine through an infusion
set 146 and into the user’s tissue or vasculature. In this embodiment, the user can
wear the portable pump system 500 on the user’s skin under clothing or in the user’s
pocket while receiving the medicine dispensed through the infusion set 146.

The pump system 500 can also communicate with the aforementioned glucose
monitoring device 50 for the purpose of receiving data indicative of a user’s blood
glucose level. Similar to previously described embodiments, the pump system 500
can utilize the data indicative of a user’s blood glucose level to, for example, provide
an alarm (e.g., an audible or textual safety alarm, an audible or textual alert
notification, or another type of alarm) when the user’s blood glucose level falls below
a low glucose alarm limit or rises above a high glucose alarm limit. As shown in FIG
11, the glucose monitoring device 50 can include the housing 52, the wireless
communication device 54, and the sensor shaft 56 (similar to the embodiment
described in connection with FIG. 1). In response to the measurements made by the
sensor shaft 56, the glucose monitoring device 50 can employ the wireless
communication device 54 to transmit data to a corresponding wireless communication
device 547 housed in the pump system 500.

Still referring to FIG. 11, similar to previously described embodiments, the
infusion pump system 700 may be configured to perform proactive or retrospective
safety checks (e.g., refer to FIGS. 9 and 10) for the user-specific settings and pump
usage parameters stored in one or more memory devices housed in the pump system
700. The user interface 520 of the pump system 500 includes a display device 522
and one or more user-selectable buttons 524a-¢. The display device 522 can include
an active arca in which numerals, text, symbols, images, or a combination thereof can
be displayed (as shown, for example, in FIG. 11). In one example, the display device
522 can be used to communicate to the user that a newly input value for a user-
specific setting (e.g., the carb ratio in this example) is out of balance with one or more

other user-specific settings, similar to the embodiments described in connection with
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FIGS. 7A-B, 8A-B, and 9). Thus, the pump device 500 can be configured to
implement the proactive review of newly input values for user-specific settings as
described in the method 300 in connection with FIG. 9. Likewise, the pump device
500 can be configured to implement the retrospective review of values for user-
specific settings and pump usage parameters as described in the method 400 in
connection with FIG. 10.

Also, the display device 522 can be used to communicate a number of settings
or menu options for the infusion pump system 500. For example, the display device
522 can be used to communicate medicinal delivery information, such as the basal
delivery rate, a bolus dosage, a historical record of medicine delivered, the amount of
medicine remaining in the cartridge, or the like. In another example, the display
device 522 can be used to communicate time and date information, which can be used
by the user to determine dosage schedules, bolus delivery times, meal times, or the
like. In such circumstances, the user may press one or more of the buttons 524a,
524b, 524c¢, 524d, and 524c¢ to shuffle through a number of menus or program screens
that show particular settings and data (e.g., review data that shows the medicine
dispensing rate, the total amount of medicine dispensed in a given time period, the
amount of medicine scheduled to be dispensed at a particular time or date, the
approximate amount of medicine remaining in the cartridge 120, or the like). Also,
the user can adjust the settings or otherwise program the pump system 500 by
pressing one or more buttons 524a, 524b, 524c, 524d, and 524e¢ of the user interface
520. Thus, the user can contemporaneously monitor the operation of the pump
system 500, including any messages pertaining to the proactive or retrospective safety
checks (e.g., refer to FIGS. 9 and 10) from the same user interface 520.

Referring now to FIGS. 12A-B, the infusion pump system 10 (as previously
described in FIGS. 1-6) can configured to determine whether the dispensed medicine
is being properly transferred from the infusion set 146 into the user’s body, and such a
determination can be based at least in part upon data communicated to the pump
system 10 which is indicative the user’s blood glucose levels over a period of time.
Accordingly, the infusion pump system 10 can alert the user to a potential problem
with an infusion set 146 (e.g., the insulin set cannula 149 is not properly seated on the

skin, or the like) based at least in part on an analysis of the user’s blood glucose levels
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during a period of time after medicine is dispensed from the infusion pump reservoir
(e.g., cartridge 120 in FIG. 2). In one example, the infusion pump system can output
an alert indicative of a possible problem with the infusion set 146 in response to a
computational evaluation of the user’s blood glucose levels over a predetermined
period of time (e.g., about 15 minutes to about 75 minutes, preferably about 30
minutes to about 60 minutes) after initial dispensation of a bolus dosage. If the user’s
blood glucose levels are not decreasing (or, in some embodiments, if the rate of
change of the user’s blood glucose levels is not decreasing) during that predetermined
time period, then the infusion pump system 10can output an alert indicative of a
potential problem with the infusion set 146 and may furthermore prompt the user to
replace the infusion set 146 or otherwise provide troubleshooting instructions to the
user.

In the particular example depicted in FIG. 12A, the user interface 220 is used
to input a new value for a bolus dosage, and this input option screen can be employed
by the controller device 200 each time the user requests a correction bolus dosage or a
meal bolus dosage. In some embodiments, the controller device 200 can be
configured to suggestion a recommended bolus amount to the user, which is then
displayed on the user interface 220 for the use to accept (and thereby initiate the bolus
dosage) or to modify to a different value before initiating the bolus dosage. The user
may activate particular buttons 224 of the user interface 220 so as to select a
particular menu option that prompts the user to input the new value for this particular
setting. As shown in FIG. 124, in this example, the present time is 3:15 PM and the
user’s recent blood glucose level was measured at 165 mg/dL and increasing (as
indicated by the upward arrow). This blood glucose information can be received by
wireless communication device 247 of the controller device 200 from the glucose
monitoring device 50 or another blood glucose measurement device (e.g., a blood
strip reader), as previously described. Alternatively, the blood glucose information
can be manually input into the controller device 200 by the user (e.g., during the bolus
suggestion calculation as previously described).

As shown in FIG. 12B, after the bolus dosage (as selected in FIG. 12A) is
initiated, the infusion pump system 10 can cause the bolus of insulin or other

medication to be dispensed from the reservoir (e.g., cartridge 120 in FIG. 2 in this
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embodiment) and through the infusion set tubing 147. In this example, the present
time is now 3:45 PM (about 30 minutes after the bolus dosage was initiated in FIG.
12A) and the user’s recent blood glucose level was measured at 189 mg/dL and
increasing (as indicated by the upward arrow). In such circumstances, the infusion
pump system 10 can employ the blood glucose data wirelessly communicated or
otherwise input to the pump system 10 to detect a potential problem with an infusion
set 146 (e.g., the insulin set cannula 149 is not properly seated on the skin, or the
like). Referring to the example in FIG. 12B, the infusion pump system 10 can output
an alert indicative of a possible problem with the infusion set 146 in response to a
pattern of the user’s blood glucose levels over a predetermined period of time (e.g.,
about 15 minutes to about 75 minutes, preferably about 30 minutes to about 60
minutes in this embodiment) after initial dispensation of a bolus dosage. In this
example, the alert is provided to the user in the form of a textual alert message and,
optionally, an audible or vibratory alarm and a temporary illumination of the
aforementioned flashlight instrument 230.

In this example, the alert is output to the user in response to the controller
device 200 determining that user’s blood glucose levels are not decreasing within the
predetermined period of time and that the rate of change of the user’s blood glucose
levels is also not decreasing. In alternative embodiments, the controller device 200
can output the alert in response to determining that the rate of change of the user’s
blood glucose levels is not decreasing during the predetermined period of time (e.g.,
regardless of whether the actual blood glucose levels have increased or decreased).
The infusion pump system 10 can output the alert indicative of a potential problem
with the infusion set 146 and may furthermore prompt the user to take one or more
corrective actions. For example, the user interface 220 of the infusion pump system
can prompt the user to replace the infusion set 146, to review a troubleshooting guide
(e.g., displayed on the user interface 220 or on another external device), or a
combination thereof. For example, the user can select a button 224c that indicates the
user has replaced the infusion set 146 with a newly seated infusion 146 or otherwise
verified the infusion set 146 is properly secured at the skin penetration point.
Alternatively, the user can select a button 224a that indicates the user is requesting

troubleshooting instructions, which then display to the user a series of questions and
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instructions for the user to identify possible errors with the infusion pump system 10
or the infusion set 146 that might have caused the previously initiated bolus dosage to
be less effective than desired. Alternatively, the user can select a button 224b
indicating that the user wishes to the silence the alert (either because the user is
currently satisfied with the blood glucose information or because there is a need to
temporarily silence the infusion pump system), which will then silence the alert
(either permanently or for a predetermined period of time, such as about 10 minutes to
about 120 minutes hours, about 20 minutes hours to about 90 minutes, and preferably
about 60 minutes in this example).

Referring now to FIG. 13, some embodiments of a method 600 for controlling
an infusion pump system can be implemented so as to determine whether the
dispensed medicine is being properly transferred from the infusion pump system and
into the user’s body. As previously described, such a determination in the method
600 can be based at least in part upon data communicated to the pump system 10
which is indicative the user’s blood glucose levels over a selected period of time. The
method 600 can be implemented by any of infusion pump systems described herein.

The method 600 can include an operation 605 of receiving data indicative of a
blood glucose level at time t;. As previously described, the blood glucose data (which
may be indicative of a recent blood glucose level of the user) can be wirelessly
received by the controller device 200 of the infusion pump system 10 from the
glucose monitoring device 50 (FIGS. 12A-B) or another blood glucose measurement
device (e.g., a blood strip reader). Alternatively, the blood glucose data can be
manually input into the controller device 200 by the user via the user interface 220.

Optionally, the method 600 may include operation 610 in which the most
recent blood glucose level is displayed on the user interface display screen of the
pump system. For example, the infusion pump system 10 can be configured to
display ofhte user interface 220 the user’s blood glucose level along with an
indication of whether the blood glucose level is increasing or decreasing.

The method 600 may also include operation 615 in which the infusion pump
system receives user input to dispense a bolus dosage of the medicine. In one
example, as previously described in connection with FIG. 12A, the user interface 220

can be employed to input a new value for a bolus dosage. This menu option can be
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displayed can by the controller device 200 each time the user requests a correction
bolus dosage or a meal bolus dosage. In some embodiments, the controller device
200 can be configured to suggestion a recommended bolus amount to the user, which
is then displayed on the user interface 220 for the use to accept (and thereby initiate
the bolus dosage) or to modify to a different value before initiating the bolus dosage.

Still referring to FIG. 13, the method 600 can include the operation 620 of
dispensing the bolus dosage of the medicine, which may be performed in response to
operation 615. For example, the infusion pump system 10 can activate the drive
system 300 over a period of time to thereby cause the bolus of insulin or other
medication to be dispensed from the reservoir (e.g., cartridge 120 in FIG. 2 in this
embodiment) and through the infusion set tubing 147.

The method 600 can also include the operation 630 of receiving data of the
blood glucose level over a period of time. For example, the blood glucose data
(which may be indicative of a recent blood glucose level of the user) can be wirelessly
received by the controller device 200 of the infusion pump system 10 from the
glucose monitoring device 50 (FIGS. 12A-B) every ten minutes. Thus, the period of
time for receiving the additional blood glucose data can include multiple data points
at time ty, t3, . . . t,. Alternatively, the additional blood glucose data may be received
only one additional time (t,) during a selected period of time after the bolus dosage
was initiated. In any of these examples, the operation 630 causes the infusion pump
system 10 to gather additional data so that the pump system 10 can store and evaluate
the user’s blood glucose levels over a predetermined period of time.

In operation 630, the infusion pump system determines whether the blood
glucose level data indicates that the user’s blood glucose level is decreasing, that the
rate of change of the user’s blood glucose level is decreasing, or both. For example,
the controller device 200 of the pump system 10 can evaluate the user blood glucose
level a times t;, t, ts, . . . t, (as received and stored during operations 605 and 625) to
determine that the user’s blood glucose level is trending lower or higher during the
predetermined period of time (e.g., about 15 minutes to about 75 minutes, preferably
about 30 minutes to about 60 minutes) after the bolus dosage was initiated in
operation 620. As previously described, the controller device 200 can evaluate

whether user’s blood glucose levels are decreasing within the predetermined period of
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time and that the rate of change of the user’s blood glucose levels is also decreasing.
In alternative embodiments, the controller device 200 can evaluate only whether the
rate of change of the user’s blood glucose levels is decreasing during the
predetermined period of time.

If the determination in operation 630 indicates that the user’s blood glucose
level is decreasing, that the rate of change of the user’s blood glucose level is
changing, or both, the method 600 can return to operation 605 (where the time t; is
then reset to the present time). Such a determination would indicate to the controller
device 200 of the infusion system that the bolus dosage of medicine was (or is being)
properly dispensed to the user’s body via the user set 146.

If, however, the determination in operation 630 indicates that the user’s blood
glucose level is not decreasing, that the rate of change of the user’s blood glucose
level is not decreasing, or both, the method 600 can continue to operation 635 in
which the pump system outputs an alert indicative of a possible problem with the
infusion set device. For example, as previously described in connection with FIG.
12B, the alert can be output from the infusion pump system 10 in the form of a textual
alert message and, optionally, an audible or vibratory alarm and a temporary
illumination of the aforementioned flashlight instrument 230.

The method 600 may also include the operation 640 in which the infusion
pump system prompts the user to take one or more corrective actions. For example,
the user interface 220 of the infusion pump system can prompt the user to replace the
infusion set 146, to review a troubleshooting guide (e.g., displayed on the user
interface 220 or on another external device), or a combination thereof. Such a
troubleshooting guide may cause the infusion pump system 10 to display to the user a
series of questions and instructions for the user to identify possible errors with the
infusion pump system 10 or the infusion set 146 that might have caused the
previously initiated bolus dosage to be less effective than desired.

As shown in operation 650, if the infusion pump system receives user input
indicative of an instruction to silence the alarm (e.g., which was emitted during
operation 635, 640, or both), the method can continue to operation 655 so that the
alarm (e.g., visual, audible, vibratory, or a combination thereof) is silenced for a

predetermined period of time (e.g., about 10 minutes to about 120 minutes hours,
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about 20 minutes hours to about 60 minutes, and preferably about 30 minutes in this
example). For example, as previously described in connection with FIG. 12B, the
user can select a button on the user interface 200 to indicate an instruction to the
silence the alarm (operation 655 in FIG. 13) before returning to operation 635 (FIG.
13).

If the infusion pump system does not receive user input to silence the alarm in
operation 650, the method 600 can continue to operation 660. In operation 660, if the
infusion pump system receives user input indicative of an instruction to cancel the
alarm (e.g., because the infusion set 146 was replaced or reseated on the user’s body),
the method 600 can return to operation 605 (where the time t; is then reset to the
present time). For example, as previously described in connection with FIG. 12B, the
user can select a button that indicates the user has replaced the infusion set 146 with a
newly seated infusion 146 or otherwise verified the infusion set 146 is properly
secured at the skin penetration point. Alternatively, in operation 660, if the infusion
pump system does not receive user input indicative of an instruction to cancel the
alarm, the method 600 can return to operation 635 so that the alert is output again (or
continued to be output) via the user interface of the pump system.

Referring now to FIG. 14, some embodiments of a portable infusion pump
system 700 employing one or more of the aforementioned safety features (e.g., similar
to those depicted in any of FIGS. 12A-13) can employ a reusable pump apparatus
(rather than a disposable pump device as previously described). In such
circumstances, the infusion pump system 700 may comprise a reusable device that
houses the control circuitry and the pump drive system within a single housing
construct. The particular embodiment depicted in FIG. 14 is structurally similar to the
pump system depicted in FIG. 11, but may be additionally or alternatively configured
to alert the user to a potential problem with an infusion set 146 based at least in part
on an analysis of the user’s blood glucose levels during a period of time after
medicine is dispensed from the infusion pump reservoir. Accordingly, the pump
system 700 comprises a reusable pump device that houses both the control circuitry
and the pump drive system (which may include a piston rod and one or more gears).
Also, the pump system 700 can include a housing structure that defines a cavity in

which a medicine cartridge can be received (not shown in FIG. 14; refer for example
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to cartridge 120 in FIG. 2). For example, the pump system 700 can be adapted to
receive a medicine cartridge in the form of a carpule that is preloaded with insulin or
another medicine. The pump drive system can act upon the fluid cartridge to
controllably dispense medicine through an infusion set 146 and into the user’s tissue
or vasculature. In this embodiment, the user can wear the portable pump system 700
on the user’s skin under clothing or in the user’s pocket while receiving the medicine
dispensed through the infusion set 146.

The pump system 700 can also communicate with the aforementioned glucose
monitoring device 50 for the purpose of receiving data indicative of a user’s blood
glucose level. Similar to previously described embodiments, the pump system 700
can utilize the data indicative of a user’s blood glucose level to, for example, provide
an alarm (e.g., an audible or textual safety alarm, an audible or textual alert
notification, or another type of alarm) when the user’s blood glucose level falls below
a low glucose alarm limit or rises above a high glucose alarm limit. As shown in FIG
14, the glucose monitoring device 50 can include the housing 52, the wireless
communication device 54, and the sensor shaft 56 (similar to the embodiment
described in connection with FIG. 1). In response to the measurements made by the
sensor shaft 56, the glucose monitoring device 50 can employ the wireless
communication device 54 to transmit data to a corresponding wireless communication
device 747 housed in the pump system 700. Also, as previously described in
connection with FIGS. 12A-13, the user’s blood glucose data can be employed by
control circuitry housed in the pump system 700 to detect possible problems with the
infusion set 146.

For example, after a bolus dosage is initiated from the pump system 700 (e.g.,
due to user input on the interface 720 requesting a bolus dosage), the infusion pump
system 700 can cause the bolus of insulin or other medication to be dispensed from
the reservoir and through the infusion set tubing 147. As shown in FIG. 14, the
infusion pump system 700 can output an alert indicative of a possible problem with
the infusion set 146 in response to a pattern of the user’s blood glucose levels over a
predetermined period of time (e.g., about 15 minutes to about 75 minutes, preferably
about 30 minutes to about 60 minutes in this embodiment) after initial dispensation of

a bolus dosage. In this example, the alert is provided to the user in the form of a
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textual alert message and, optionally, an audible or vibratory alarm. Similar to the
embodiments described in connection with FIG. 13, the alert is output from the pump
system 700 in response to the control circuitry (housed in the system 700)
determining that user’s blood glucose levels are not decreasing within the
predetermined period of time, that the rate of change of the user’s blood glucose
levels is also not decreasing, or both. The infusion pump system 700 can output the
alert indicative of a potential problem with the infusion set 146 and may furthermore
prompt the user to take one or more corrective actions. For example, the user
interface 220 of the infusion pump system can prompt the user to replace the infusion
set 146, to review a troubleshooting guide (e.g., displayed on the user interface 220 or
on another external device), or a combination thereof. For example, the user can
select a button 724a that indicates the user has replaced the infusion set 146 with a
newly seated infusion 146 or otherwise verified the infusion set 146 is properly
secured at the skin penetration point. Alternatively, the user can select a button 224c
that indicates the user is requesting troubleshooting instructions, which then display to
the user a series of questions and instructions for the user to identify possible errors
with the infusion pump system 700 or the infusion set 146 that might have caused the
previously initiated bolus dosage to be less effective than desired. In addition, the
pump system 700 can be configured to provide an onscreen option so that the user can
select a different button indicating that the user wishes to the silence the alert, which
will then silence the alert (either permanently or for a predetermined period of time,
such as about 10 minutes to about 120 minutes hours, about 20 minutes hours to about
60 minutes, and preferably about 30 minutes in this example).

Referring now to FIG. 15, some embodiments of an infusion pump system
(such as the system 10 depicted in FIGS. 1-8B and 12A-B or the system 500 or 700
depicted in FIGS. 11 and 14) can be configured to automatically populate suitable
values for a plurality of user-specific settings in response to user input related to one
or two other user-specific settings. For example, during an initial setup process for
the pump system 10, 500, or 700, the pump system can prompt the user via the user
interface to input a value for the a total daily dosage (and optionally, a value for the
user’s current weight), which would then cause the pump system to calculate (and

automatically populate) suitable values for a set of various other user-specific settings
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(e.g., basal rate, maximum daily basal dosage, maximum daily bolus dosage, insulin
sengsitivity, carb ratio, and the like). In doing so, the pump system can be configured
to display the automatically generated values for review by the user, and to
furthermore prompt the user to accept the automatically generated values for the user-
specific settings. If the user does not accept one or more of the automatically
gencrated values for the user-specific settings, the user interface can direct the user to
the menu screen that prompts the user to manually input a new value for the particular
user-specific setting.

In some implementations, the infusion pump system can perform a method
800 for controlling an infusion pump system so as to automatically calculate values
for a plurality of user-specific settings in response to user input related to one or more
different user-specific settings. As shown in the non-limiting example depicted in
FIG. 15, the method 800 can include an operation 810 of receiving user input
indicative of a new value for a first user-specific setting. This information can be
prompted by the user interface of the pump system, for example, in the form of a
query presented on the display device. In the example described below, the first user-
specific setting can be the user’s total daily dosage based on the user’s previous
history of insulin injections (e.g., prior to using an infusion pump system).
Alternatively, the first user-specific setting can be the user’s total daily dosage based
on the user’s previous history of pump usage (e.g., total daily dosage based on usage
of a different pump system). Also, in another alternative, the first user-specific setting
can be the user’s total daily basal dosage based on the user’s previous history of pump
usage.

Optionally, the method 800 may also include operation 820 in which the pump
system receives user input indicative of a value for the user’s weight. Again, this
information can be prompted by the user interface of the pump system, for example,
in the form of a query presented on the display device.

In operation 830, the infusion pump system can be configured to generate
values for a set of user-specific settings (which are different from the first user-
specific setting) in response to the user input of the value for the first user-specific
setting (or, optionally, in response to input values for both the first user-specific

setting and the user’s weight). In this example, if the newly input value for the first
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user-specific setting is the user’s total daily dosage based on the user’s previous
history of insulin injections (e.g., prior to using an infusion pump system), the pump
system can be configured to automatically calculate values for a set of user-specific
settings such as the basal rate, maximum daily basal dosage, maximum daily bolus
dosage, insulin sensitivity, carb ratio, and others.

For example, the user’s total daily dosage based on the user’s previous history
of insulin injections (TDDjgjections) €an be used to automatically calculate some of
these values as follows:

Basal Rate = [TDDjpjections)/60, where Basal Rate is in Units/hour
(alternatively, where the input the user’s total daily dosage based on the user’s
previous usage of an insulin pump system (TDDjnsulin pump history), then Basal Rate =
[TDDinsulin pump history)/50);

Maximum Basal Rate = [TDDjpjections] X (1.2), where Maximum Basal Rate
is in Units of Insulin per hour;

Maximum Bolus Dosage = [TDDiyjections] X (0.25), where Maximum Bolus
Dosage is in Units of Insulin;

Insulin Sensitivity = (2450)/[TDDjpjections), Where Insulin Sensitivity is in
units of mg/dl/Unit; and

Carb Ratio = [3.25*(Weight)]/[ TDDjpjections], Where Carb Ratio is in units of
grams/Unit, and the user’s weight in Ibs (alternatively, where the user’s weight is
unknown, then Carb Ratio = [450/[ TDDipjections])-

It should be understood from the description herein, that the Basal Rate parameter
would be applied in the pump system as a uniform basal rate across a 24-hour period
(e.g., a flat profile). Alternatively, the pump system can be configured to
automatically apply the Basal Rate parameter so that the amount of daily basal dosage
is output according to a preset basal profile pattern. In such circumstances, the basal
dosages are not applied in a flat profile across a 24-hour period, but instead the basal
rate amounts may be slightly greater than the Basal Rate parameter (as calculated
above) during some schedule periods in each day and may be slightly less than the
Basal Rate parameter (as calculated above) during other schedule periods in each day.
For example, the predefined basal profile can be automatically selected by the pump

system so that the basal delivery rates account for treating dawn phenomenon (e.g., an
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increase in the basal rate in the early morning hours) or avoiding low glucose levels in
the nighttime (e.g., a decrease in the basal rate from about 9:00 pm until the early
morning hours). Such basal patterns may be automatically implemented by the pump
system, or alternative, can be selectable by the user via user interface. For example,
after operation 810 (described above), the user interface of the pump system can
prompt the user to select one or both options of “treat dawn phenomenon” and “avoid
overnight lows.”

Furthermore, in an alternative example, the user’s average hourly basal rate
(based on the user’s previous usage of an insulin pump system), rather than the user’s
total daily dosage, can be input to automatically calculate some of the aforementioned
values. For instance, the user can input a basal rate, and the pump system can be
configured automatically calculate values for the Total Daily Dosage, Maximum
Basal Rate, Maximum Bolus Dosage, Insulin Sensitivity, and the Carb Ratio.

Still referring to FIG. 15, the method 800 may also include operation 840 in
which the pump system prompts the user to accept the generated values for the set of
user-specific settings. For example, the user interface of the pump system can display
the calculated values for each of the user-specific settings (e.g., either presented in
serial screens, or in a “summary” listing), and the user interface can query the user to
“accept” or “modify” any of the calculated values.

If the user provides input indicative of acceptance of all of the generated
values for the set of user-specific settings, the method 800 can continue to operation
860 in which the pump system stores the input value for the first user-specific setting
and the generated values for the set of user-specific settings. As previously described,
the pump system can be equipped with one or more computer-readable memory
devices that are in communication with the internal control circuitry, and the input
value for the first user-specific setting and the generated values for the set of user-
specific settings can be stored in one or more of these memory devices.

After these values are stored, the method 800 can continue to operation 870 in
which the pump system prompts the user for additional information related to other
user-specific settings that were not generated in response to the user input for the first
user-specific setting. For example, the pump system can provide a menu option on a

display device of the user interface that prompts the user to input a value for another
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user-specific setting that was not generated in response to the user input for the first
user-specific setting.

Referring again to operation 850 (described above), if the user provides input
indicating a non-acceptance of one or more of the generated values for the set of user-
specific settings, the method 800 can continue to operation 880 in which the pump
system prompts the user to manually input a new value for any of the user-specific
settings that were not accepted. For example, the pump system can provide a menu
option on the display device of the user interface that prompts the user to manually
input a new value for the particular user-specific setting that was not accepted by the
user.

From there, the method 800 may optionally continue to operation 890 in
which the pump system stores the various values that were initially input,
automatically generated, or manually input after the automatic generation of values.
In particular, the pump system can be configured to store the input value for the first
user-specific setting, any of the generated values for the set of user-specific settings
that were accepted by the user, and any values for the set of user-specific settings that
were manually input by the user (e.g., replacing the non-accepted, automatically
gencrated value). After these values are stored, the method 800 can continue to
operation 870 in which the pump system prompts the user for additional information
related to other user-specific settings that were not generated in response to the user
input for the first user-specific setting (as previously described above).

A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. Accordingly, other embodiments

are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. An insulin infusion pump system, comprising:

a portable housing defining a space to receive a supply of insulin;

a pump drive system to dispense insulin from the portable housing when the
insulin is received in the space;

control circuitry that electrically communicates with the pump drive system to
control dispensation of the insulin from the portable housing when the insulin is
received in the space; and

a user interface connected to the control circuitry and configured to receive
user input of a value for a first user-specific setting, wherein the control circuitry is
configured to output an alert via the user interface in response to user input of the
value for the first user-specific setting that is outside of a predetermined range
dependent at least partially upon a previously stored value for a second user-specific

setting that is different from the first user-specific setting.

2. The system of claim 1, wherein the alert output via the user interface comprises a
textual alert message indicating that the input value for the first user-specific
setting is out of balance with the previously stored value for the second user-

specific setting.

3. The system of claim 2, wherein the first user-specific setting is one selected from
the group consisting of: a user’s insulin sensitivity, a user’s carbohydrate ratio, a
user’s scheduled basal dosage amount, and a user’s weight, and wherein the
second user-specific setting is a different one selected from the group consisting
of: the user’s insulin sensitivity, the user’s carbohydrate ratio, the user’s scheduled

basal dosage amount, and the user’s weight.

4. The system of claim 1, wherein the control circuitry is configured to prompt the
user to select a first option via the user interface indicative of an instruction to
continue with the value for the first user-specific setting or to select a second

option via the user interface indicative of an instruction to provide a new value for
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the first user-specific setting, wherein the first option and second option are

contemporaneously displayed via the user interface.

5. The system of claim 4, wherein in response to user selection of the first option via
the user interface, the control circuitry is configured to store the input the value

for the first user-specific setting in a memory device of the control circuitry.

6. The system of claim 4, wherein in response to user selection of the second option
via the user interface, the control circuitry is configured to prompt the user to

input the new value for the first user-specific setting via the user interface.

7. The system of claim 1, wherein the portable housing comprises a pump housing of
a portable pump device, and wherein the control circuitry is housed in a controller
housing of a removable controller device that is releasably attachable to the pump
housing to establish an electrical connection between the controller device and the

pump device, the user interface being mounted to the controller housing.

8. The system of claim 1, wherein the pump drive system and the control circuitry
are housed inside the portable housing, and the user interface is mounted to the

portable housing.

9. A medical infusion pump system, comprising:

a portable housing defining a space to receive a supply of medicine;

a pump drive system to dispense medicine from the portable housing when the
medicine is received in the space;

control circuitry that electrically communicates with the pump drive system to
control dispensation of the medicine from the portable housing when the medicine is
received in the space, the control circuitry including one or more computer readable
memory devices storing values for user-specific settings and pump usage parameters;
and

a user interface connected to the control circuitry and having a display screen,

wherein the control circuitry is configured to output an alert via the user interface in
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response a stored value for a first one of the user-specific settings and the pump usage

parameters being outside of a predetermined range that is dependent at least partially

upon a stored value for a second one of the user-specific settings and the pump usage

parameters.

10. The system of claim 9, wherein the alert output via the user interface comprises a

11.

12.

13.

textual alert message indicating that the stored value for the first one of the user-

specific settings and the pump usage parameters is out of the predetermined range.

The system of claim 10, wherein the user-specific settings stored in the one or
more memory devices of the control circuitry includes at least one of: a user’s
insulin sensitivity, a user’s carbohydrate ratio, a user’s scheduled basal dosage
amount, and a user’s weight, and wherein the pump usage parameters stored in the
one or more memory devices of the control circuitry includes at least one of: an
average total daily dose, an average total basal dose per day, an average total bolus
dose per day, a ratio of correction bolus amount per day to food bolus amount per
day, an amount of correction boluses per day, a ratio of a correction bolus amount
per day to the average total daily dose, a ratio of the average total basal dose to the
average total bolus dose, an average maximum bolus per day, a frequency of using
an auto-off alarm per day, and a frequency of cannula prime operations and tube

prime operations per day.

The system of claim 9, wherein the control circuitry is configured to prompt the
user via the display of the user interface to take a correction action selected from
the group consisting of: input a new value for one of the user-specific settings,
input a new parameter for a dosage schedule, and review troubleshooting

instructions.
The system of claim 9, wherein the portable housing comprises a pump housing of

a portable pump device, and wherein the control circuitry is housed in a controller

housing of a removable controller device that is releasably attachable to the pump
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housing to establish an electrical connection between the controller device and the

pump device, the user interface being mounted to the controller housing.

14. The system of claim 9, wherein the pump drive system and the control circuitry
are housed inside the portable housing, and the user interface is mounted to the

portable housing.

15. An insulin infusion pump system, comprising:

a portable housing defining a space to receive a supply of insulin;

a pump drive system to dispense insulin from the portable housing when the
insulin is received in the space;

control circuitry that electrically communicates with the pump drive system to
control dispensation of the insulin from the portable housing when the insulin is
received in the space, the control circuitry being configured to receive blood glucose
information over a period of time; and

a user interface connected to the control circuitry and having a display screen,
the user interface being configured to receive user input to initiate a bolus dosage of
the insulin, wherein the control circuitry outputs an alert via the user interface in
response to the control circuitry detecting an infusion set error based at least in part
upon the blood glucose information received by the control circuitry over the period

of time.

16. The system of claim 15, wherein the alert output via the user interface comprises a
textual alert message indicating the infusion set error, and wherein the control
circuitry detects the infusion set error in response to a determination by the control
circuitry that the blood glucose information indicates that a user’s blood glucose
level is not decreasing over a predetermined period of time after initiating the

bolus dosage.

17. The system of claim 15, wherein the alert output via the user interface comprises a
textual alert message indicating the infusion set error, and wherein the control

circuitry detects the infusion set error in response to a determination by the control
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circuitry that the blood glucose information indicates that a rate of change of a
user’s blood glucose level is not decreasing over a predetermined period of time

after initiating the bolus dosage.

18. A method of operating a portable infusion pump system:

dispensing medicine from a portable housing of an infusion pump system; and

receiving user input at a user interface of the infusion pump system indicative
of a value for a first user-specific setting;

outputting an alert via the user interface of the infusion pump system in
response to a determination by the infusion pump system that the user input of the
value for the first user-specific setting that is outside of a predetermined range
dependent at least partially upon a previously stored value for a second user-specific

setting that is different from the first user-specific setting.

19. A method of operating a portable infusion pump system:

dispensing medicine from a portable housing of an infusion pump system; and

storing values for user-specific settings and pump usage parameters in one or
more computer readable memory devices of control circuitry of the infusion pump
system; and

outputting an alert via a user interface of the infusion pump system in response
a stored value for a first one of the user-specific settings and the pump usage
parameters being outside of a predetermined range that is dependent at least partially
upon a stored value for a second one of the user-specific settings and the pump usage

parameters.

20. A method of operating a portable infusion pump system:
dispensing medicine from a portable housing of an infusion pump system; and
receiving user input at a user interface of the infusion pump system to initiate
a bolus dosage of the medicine;
receiving at the infusion pump system blood glucose information indicative of

a user’s blood glucose measurements over a period of time; and
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outputting an alert via the user interface of the infusion pump system in
response to the infusion pump system detecting an infusion set error based at least in
part upon the blood glucose information received by the infusion pump system over

the period of time.

21. An insulin infusion pump system, comprising:

a portable housing defining a space to receive a supply of insulin;

a pump drive system to dispense insulin from the portable housing when the
insulin is received in the space;

control circuitry that electrically communicates with the pump drive system to
control dispensation of the insulin from the portable housing when the insulin is
received in the space; and

a user interface connected to the control circuitry and having a display screen,
the user interface being configured to receive user input for a value of a first user-
specific setting, wherein the control circuitry generates values for a set of user-
specific settings that are different from the first user-specific setting in response to the

user input for the value of the first user-specific setting.

22. The system of claim 21, wherein the first user-specific setting is selected from the
group consisting of: a total daily dosage based on a previous history of insulin
injections, a total daily dosage based on the a previous history of pump usage, and
a total daily basal dosage based on the previous history of pump usage, and
wherein the control circuitry generates values for the set of user-specific settings
including two or more selected from the group consisting of: a basal rate, a
maximum basal rate, a maximum bolus dosage, an insulin sensitivity, and a carb

ratio.
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