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METHOD AND SYSTEM FOR MANUAL AND
AUTONOMOUS CONTROL OF AN INFUSION
PUMP

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a division of U.S. application Ser.
No. 11/557,926 filed on Nov. 8, 2006, which claims the ben-
efit of U.S. provisional application 60/734,398, filed Nov. 8,
2005. The disclosures of these prior applications are consid-
ered part of and is hereby incorporated in its entirety by
reference in the disclosure of this application.

TECHNICAL FIELD

[0002] The present invention relates to autonomous and
manual control of an infusion pump.

BACKGROUND

[0003] An infusion pump is used to infuse fluids, medica-
tion or nutrients into a patient’s circulatory system. It is gen-
erally used intravenously, although subcutaneous, arterial
and epidural infusions are occasionally used.

[0004] Infusion pumps can administer fluids in ways that
would be impractically expensive or unreliable if performed
manually. For example, infusion pumps can administer 1 mL
per hour injections (too small for a drip), injections every
minute, injections with repeated boluses requested by the
patient, up to the maximum number per hour allowed (e.g. in
patient-controlled analgesia), or fluids whose volumes vary
by the time of day.

[0005] As infusion pumps can also produce quite high but
controlled pressures, the pumps can inject controlled
amounts of fluids subcutaneously (beneath the skin), or epi-
durally (just within the surface of the central nervous sys-
tem—a very popular local spinal anesthesia for childbirth).

SUMMARY

[0006] A method and system is provided for both autono-
mous and manual control of an infusion pump for delivering
medication to a patient. The manual control may provided by
an onboard assistance device allowing the user to make
entries and corrections.

[0007] A method for directly transferring operating param-
eters from one infusion pump device to a second infusion
pump device is described that includes providing a first infu-
sion pump device including parameters to be transferred,
establishing a communications link from the first infusion
pump device to a second infusion pump device, and transfer-
ring the parameters from the first infusion pump device to the
second infusion pump device.

[0008] Variously, the communication link may be estab-
lished using wired means, by contact between the first infu-
sion pump device and the second infusion pump device, or by
using wireless means. Variously, the parameters may include
historical treatment information, may include user informa-
tion, or may include operating parameters.

[0009] A method of entering food information into an infu-
sion pump system is described that includes providing a food-
stufft identification, and using device assisted data entry to
enter the foodstuff identification into an infusion pump sys-
tem. The method may also include using the entered foodstuft
identification to retrieve foodstuff composition information.
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[0010] Variously, the foodstuft identification may include a
barcode, or may include an RFID tag. Variously, the foodstuft
identification may be entered using a scanner in an infusion
pump system, or may be entered using an RFID reader in an
infusion pump system.

[0011] An infusion pump system is described that includes
an infusion pump body, a control system, and an RFID reader,
wherein the RFID reader is in communication with the con-
trol system. The RFID reader may be contained within the
infusion pump body, or form part of the infusion pump body.
[0012] A method for temporarily disabling a disruptive
alert of an infusion pump system is described that includes
receiving a request to disable disruptive alerts from an infu-
sion pump system for a specified period of time, disabling
disruptive alerts from the infusion pump system for the speci-
fied period of time, and re-enabling disruptive alerts after the
specified period of time has passed. Health alerts may remain
active during the specified period of time.

[0013] Variously, the specified period of time may be deter-
mined by the difference between the current time and a
requested time, or the specified time may be determined by a
request for a specified time period.

[0014] A method of determining a treatment amount for an
infusion pump system is described that includes obtaining
treatment information including foodstuff composition infor-
mation, food on board information, and insulin on board
information, and determining a recommended bolus amount
based on the treatment information.

[0015] Variously, the foodstuff composition information
may include a carbohydrate ratio, may include quantity infor-
mation, or may include carbohydrate, fat, and protein infor-
mation.

[0016] The method may also include using user metabo-
lism information in calculating a bolus amount. Variously,
user metabolism information may include insulin sensitivity
information, or glucose sensitivity information.

[0017] A method of determining a treatment amount for an
infusion pump system is described that includes obtaining
foodstuft composition information including carbohydrate,
fat, and protein composition information of a foodstuff; and
determining a recommended bolus amount based on the food-
stuft composition information.

[0018] Determining a recommended bolus amount may
also be based on user metabolism information, or may also be
based on a user’s food on board and insulin on board infor-
mation. The foodstuff composition information may be
entered into the infusion pump system using device assisted
data entry.

[0019] A method of determining a recommended bolus
amount is described that includes obtaining user metabolism
information, obtaining foodstuft composition information
including carbohydrate, fat, and protein composition infor-
mation using device assisted data entry, and determining a
recommended bolus amount using the following equation:

Recommended bolus amount=Food Now*Carb Ratio+
(BG-BGtarget)*insulin sensitivity-IOB+FOB,
where: IOB=A7)*bolus;

FOB=A{#)*grams Carb Ratio+f{¢)*grams Protein
Ratio+f(#)*grams Fat ratio; and

Food Now=the amount and type of foodstuffs
ingested expressed in terms of grams, carbohydrates,
proteins or fat.
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[0020] 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, drawings,
and from the claims.

DESCRIPTION OF DRAWINGS
[0021] FIG. 1 is an illustration of an exemplary infusion
pump system.
[0022] FIG. 2 is an illustration of a cross sectional view of

the exemplary infusion pump system of FIG. 1.

[0023] FIG. 3 is an illustration of transferring data between
two infusion pump systems.

[0024] FIG. 4 is a flow chart illustrating a method of
assisted modification of infusion pump parameters.

[0025] FIG. 5 is a flow chart illustrating a method of pro-
viding external input to modify infusion pump parameters.
[0026] FIG. 6 is a flow chart illustrating a method of ana-
lyzing received criteria to determine or enhance a bolus
amount in an infusion pump system.

[0027] FIG. 7 is a flow chart illustrating a method of post-
poning alert messages in an infusion pump system.

[0028] FIG. 8 is a flow chart illustrating a method of post-
poning medication dispersion in an infusion pump system.
[0029] FIG.9is a flow chart illustrating a method of trans-
ferring infusion pump parameters to one or more devices.
[0030] FIG. 10 is a flow chart illustrating a method for
entering food data into an infusion pump to receive a treat-
ment recommendation.

[0031] FIG.11isablock diagram illustrating an exemplary
architecture for operating and controlling an infusion pump
system.

[0032] FIG. 12 is a schematic diagram of an example of a
generic infusion pump computing system.

DETAILED DESCRIPTION

[0033] A method and system for autonomous and manual
control of an infusion pump system is described. The system
may receive input, analyze input, display some or all analysis
datato an infusion pump user, and may perform modifications
to one or more infusion pump parameters. The infusion pump
system may automatically prompt the user to perform a sys-
tem task or modification. For example, when a blood glucose
(“BG”) reading is dangerously high in the pump user, the
system may prompt the user with information regarding deci-
sions on dispensing medication or nutrients into the pump
user’s circulatory system, such as insulin medication to lower
the BG level in the user. The user can then perform various
tasks, including, but not limited to, ignoring the prompt,
implementing the suggested protocol, or modifying the sug-
gested protocol before implementing the modified protocol.
In one embodiment, upon receiving a user requested modifi-
cation, the system may present and display information to the
user indicating that the infusion pump parameters should
remain unchanged.

[0034] The methods described in this application can be
performed manually based on a request from a pump user,
automatically based on previously entered user data (e.g., an
alarm or criteria set by the user), or a combination of both. The
manual control may be provided by an onboard assistance
system to allow the pump user to make entries and corrections
in the system.
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[0035] FIG. 1 is an illustration of an exemplary infusion
pump system 100 that may be used to perform the methods
described in this disclosure.

[0036] The infusion pump system 100 includes a pump
body 102, an infusion site interface 104, and a reservoir 105.
The pump body 102 includes an upper housing 106 and a
lower housing 108 which define a periphery in which the
mechanisms of a pump unit reside. The upper and lower
housings 106, 108 may include openings or penetrations for
attachment and guidance of the infusion site interface 104 to
the pump body 102. Additionally, openings in the pump body
may allow for the installation of the reservoir 105 contained
within the pump body 102, and maintenance of the reservoir
105 that may be in communication with the infusion site
interface 104 for dispensing medication. In general, the infu-
sion site interface 104 may provide for continuous or inter-
mittent subcutaneous fluid infusion. One or more buttons 110
may be used to enter user requests into the pump system.
[0037] FIG. 2 is an illustration of a cross sectional view of
the exemplary infusion pump system of FIG. 1.

[0038] As shown, a mechanism is contained in the pump
body 102 that comprises the reservoir 105, a drive mechanism
202 and a control system (not shown). The reservoir 105 is
comprised of a distal end 204 and a proximal end 206, and is
cylindrical in geometry with the distal end 204 sealed by a
moveable plunger 208 of matching geometry as the reservoir
105 and the proximal end 206 are contained by a pump body
septum 210. The infusion pump system 100 generally dis-
penses fluid when the drive mechanism 202 is actuated,
thereby applying pressure internal to the reservoir, such that a
substance contained within the reservoir may be driven
through a device (not shown) that may pierce the pump body
septum 210. The actuation of the drive mechanism 202 may
be governed by the control mechanism. The geometry of the
reservoir 105 has been shown as cylindrical for illustrative
purposes only and as such, the reservoir 105 is geometry
independent.

[0039] In addition to the functionality of the pump system,
the system may also include communication circuitry and
functionality to upload, download or otherwise transfer data
to and from the pump system. For example, the infusion pump
system 100 may transfer, upload, or download data to a com-
puter, a data repository, to itself, or to another infusion pump,
to name a few examples. In particular, the infusion pump
system 100 may include circuitry designed for sending and
receiving data, such as communication chipsets including,
but not limited to, universal serial bus (USB), RS-232, Eth-
ernet, Bluetooth, radio frequency, infrared, wireless Ethernet,
or other such technologies. As shown in FIG. 2, the system
100 may include an infrared port 212, a USB port 214, and a
radio frequency identification (RFID) reader 216. In some
implementations, rather than having an internal RFID reader,
the infusion pump system may include circuitry for connect-
ing an external RFID reader. In some implementations, some,
all, or none of the above communication chipsets, connectors,
or technologies may be included in the system, and as such,
other ports and connector technologies are possible.

[0040] In some implementations, additional communica-
tion ports (not shown) may be available for connecting
peripheral data collection devices. The data collection
devices may be used to enter input into the infusion pump
system. The data collection devices may include, but are not
limited to, a bar code scanner, a radio frequency (RF) reader,
an optical scanner, an infrared scanner, or other wired or
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wireless data collection device. The data collection device
may allow data to be uploaded or entered into the pump
system by selecting or scanning food and medication infor-
mation, for example. In some implementations, the pump
user may download data from a website, or other means
where wired or wireless communication is available (e.g., a
mobile telephone, or a personal digital assistant (PDA)).
[0041] The pump user may collect data for the infusion
pump system in various ways. Device assisted data entry may
be utilized to obtain additional information beyond that
which may be easily entered using a manual approach. For
example, a pump user may user the USB port 214 to plug in
a barcode scanner, and can scan foodstuffs to obtain addi-
tional information, such as carbohydrate, fat, and protein
amounts, mass, brand, food group, or other foodstuff identi-
fying features. In other implementation, the infusion pump
system may include an on-board barcode scanner. Using a
barcode scanner, the user may scan the foodstuff item and
enter one or more identifying features in the user interface. In
some implementations, the pump user may use an onboard
RFID reader 216 to scan RFID tags located on foodstuffs,
rather than a barcode reader. In other implementations, a
RFID reader may be plugged in a USB port or other input/
output port. In other implementation, other device assisted
data-entry approaches may be used. Furthermore, in other
embodiments, wireless device assisted data entry implemen-
tations may be used (e.g., a wireless RFID reader or wireless
barcode scanner may be used to communicate foodstuffinfor-
mation to the infusion pump system).

[0042] In some implementation, the foodstuff information
may include a product identifier or code. The product identi-
fier or code may be used to obtain additional product infor-
mation from an onboard data repository. Thus, a UPC code
may be used to identify a foodstuff, which is then looked up
in a data repository to obtain nutrition and other information
regarding the foodstuff.

[0043] Collecting data in the infusion pump system may be
advantageous when calculating treatment methods for pump
users. For example, data collection devices may also provide
a method for entering food identification and composition
information. The composition information may comprise a
carbohydrate ratio, quantity information, carbohydrate con-
tent, fat content, or protein content. In some implementations,
the collected data may be used to determine and recommend
a particular bolus amount.

[0044] FIG. 3 is an exemplary illustration of transferring
data between two infusion pump systems.

[0045] In general, a first pump 302 and a second pump 304
may establish pump-to-pump communications to transfer
data between the pumps. Specifically, one or more commu-
nication ports on the pumps may initiate the communication.
For example, an infrared port on the first pump 302 may
initiate communication with an infrared port on the second
pump 304 upon coming into close proximity. In some imple-
mentations, the communication may be a wired communica-
tion where a pump user has “connected” the pumps together
(e.g., as in a USB to USB cable connection). Regardless of
which pump initiated the connection, a portion of data may be
bi-directionally transferred between both pumps, as facili-
tated by a pump user. In some implementations, no data may
be transferred (e.g., when a pump user has not requested a
transfer).

[0046] After the communication protocol is established,
the transferring of data may commence. In particular, the
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processing devices on each pump may invoke their respective
data repositories to begin transferring data between the
pumps. In general, operating parameters, historical treatment
data, user information, configuration data, pump user data,
pump manufacturer data, medication on board, and other
system information may be transferred from one pump to
another pump.

[0047] FIG. 4 is a flow chart illustrating a method 400 of
assisted modification of infusion pump parameters.

[0048] The method 400 will be described in reference to an
infusion pump system that processes user requests and
infuses fluids, medication, nutrients or other materials into
the body of the pump user. The user requests may include
various modifications to system operating parameters, such
as modifications to bolus profile, basal rate, RTC, BG history,
delivery history, bolus history, and others. The list of operat-
ing parameters described above is not an exhaustive listand as
such, other parameters may be modified manually or autono-
mously in the system.

[0049] The method 400 begins with the receipt 410 of an
external input. The input may include updates for FOB infor-
mation, IOB information, medication details, or simply
include a request for modification of one or more system
parameters. The input can be manually entered into the infu-
sion pump via a control center, graphical user interface, bar
code reader, radio frequency (RF) reader, optical reader,
infrared reader, wireless transmission, email, text message,
Internet, or other means.

[0050] After the input is received, and after any optional
pre-processing, the infusion pump may analyze 420 the
received data to determine whether the input is a request to
modify, or other system task. For example, a request for
performing a calculation in the system may be carried out
immediately, since the effect of performing the calculation is
informational to the user (e.g., the calculation does not
change a treatment parameter and may therefore be com-
pleted upon request). However, some requests include modi-
fying medication levels or rates may require further analysis
to determine whether or not to carry the request out, as
received. When modifications are requested or proposed, fur-
ther processing may be carried out using system data, input
data, or stored data, and the user may be prompted to approve
such modifications.

[0051] Upon completion of the analysis, further calcula-
tions may be performed 430 to determine what eftect, if any,
the modification may have on the pump user. For example, a
diabetic pump user may manually enter a food item that is
about to be consumed. The pump user may wish to preemp-
tively view FOB values and the corresponding bolus amount
ofinsulin that will be infused if the user consumes the entered
food. Here, the calculation can be performed and a suggested
bolus amount can be presented to the pump user.

[0052] Calculation feedback, instructions, or other infor-
mation may be presented 440 to the user audibly, visually, or
via another sense, such as a vibration (e.g., such that the user
can feel an alarm is being generated). Typically, the informa-
tion is displayed to the user in a user interface, but multiple
modes of presentation may be possible. Upon presentation of
the information, the user may input further information, make
selections, or ignore the display.

[0053] In some implementations, the system may inquire
about performing processes in the infusion pump. For
example, the infusion pump may query the pump user to
impart permission to perform 450 a modification in the sys-



US 2012/0220940 Al

tem. In this example, a request may have generated the query,
or alternatively, the system may automatically generate the
query to request permission for performing a system function.
In some implementations, a query may display to inquire
about a preprogrammed event, such as a treatment change.
[0054] The pump user may receive queries in the graphical
user interface that pertain to system processes, parameters,
events, or other items. The user may choose to respond to a
query or request from the pump system. In the event that a
query is generated requesting permission to perform a system
parameter modification, the user may choose to accept the
modification. Upon receiving permission to perform the
intended modification, the infusion pump system can perform
460 the requested modification.

[0055] Alternately, the pump user may disapprove of a
particular modification and thus may refuse permission to
perform the modification. Additionally, the user may refuse
permission and may enter modified information. The modi-
fied information can be applied and the query may be regen-
erated such that the user can be presented the same query with
the updated information. In some embodiments, input from
the user may be accepted and implemented immediately and
the system may not present another query to the user. The
infusion pump system can obtain 470 the user entered param-
eters or treatment correction and calculate 480 an appropriate
modification. Upon determining the modification requested,
the pump system may carry out 460 the requested modifica-
tion(s). In some implementations, the received input may not
be a correction or modification, but instead may be additional
information for the system to further process.

[0056] Insomeimplementations, a user may input a request
to modify a system parameter, but inadvertently leave out a
digit or instruction regarding the parameter. In the event that
data is missing or entered incorrectly, the system may not
make the requested modification. In some implementations,
an indication of missing data may trigger an indicator, such as
adisplay to the user, enabling the user to notice and correct the
error.

[0057] FIG. 5 is a flow chart illustrating a method 500 of
providing external input to modify infusion pump param-
eters.

[0058] The method 500 will be described in reference to an
infusion pump system that can receive input. Variously, pump
users or medical staff can provide information to the pump
system in various ways, including manual entry, or data entry
by other methods, such as a transmission, automated data
entry, or other method. In one embodiment, the user may
provide updates for one or more system operating parameters,
such as a bolus profile, basal rate, RTC, or BG history to name
a few examples. In another embodiment, the user may pro-
vide food values or medication values to assist the pump
system with future processing of calculations. In yet another
embodiment, the user may provide a pump configuration
request, whereby the pump system can reconfigure itself
according to the input, or alternatively, the pump system can
download orupload pump contents in preparation for a pump
replacement. Other manually entered input may be possible.
[0059] The method 500 begins by receiving one or more
inputs from the user. If the user inputs 502 update parameters,
the system may receive 504 the input in a control module, for
example. The control module may determine the type of
information entered. Accordingly, this may involve one or
more queries to determine the purpose of the entry. Thus, the
system may assess 506 whether or not a parameter update is
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being requested by the user. If the entered input is indeed a
parameter update, the system may update 508 the parameter
according to system rules. System rules may include various
error checking mechanisms to ensure a particular parameter
update does not endanger the health of the pump user. Upon
completing the parameter update, the system may await
another input from the user. The pump system may receive
several entries and may have to distinguish between several
types of input.

[0060] Insome implementations, the user may enter 510 a
food or medication value into the system, instead of a param-
eter update as described above. The control module may
determine 512 the type of information entered by the user. If
the input is a food value or medication value, the system may
perform processing steps to recalibrate parameter values such
that the pump system functions to the user’s advantage. For
example, the user may enter food values for food about to be
consumed. Accordingly, the pump system can perform cal-
culations 514 to determine accurate treatment values for the
user in the next several hours, for example.

[0061] In some implementations, the user may enter 516
pump configuration requests, such that a pump can be recon-
figured or configured upon replacement. Here, the system
may again use the control module to determine 518 the type of
information entered by the user. The configuration request
may simply include resetting certain system parameters,
while leaving others intact. In another example, the user may
request configuration of a newly installed pump system (e.g.,
upon replacement of an old pump system). Upon determining
that the user has requested a pump configuration, the system
may perform 520 the configuration of the pump system.

[0062] Theuser may also enter 522 other types of input that
the system may or may not recognize upon entry. For
example, a database having various food values and their
typical masses may be downloaded to the pump system. Here,
the database can be used to compare typical “servings” of
food items against what a user may consume. In this example,
the database may be uploaded wirelessly from the Internet
and may require further user interaction to appropriately store
and use the database in the pump system. As such, an onboard
assistance device may assist 524 the user in walking through
configuration steps to ensure the database operates properly.
The onboard assistance device may also intervene to assist the
user for other unknown data entries.

[0063] FIG. 6 is a flow chart illustrating a method 600 of
analyzing received criteria to determine or enhance a bolus
amount in an infusion pump system.

[0064] The method 600 will be described in reference to an
infusion pump system that analyzes user input to determine
system parameter values, such as bolus amounts and rates.
The method 600 may provide manual control of the infusion
pump system by means of a device or program which assists
the pump user with determining proper bolus amounts.

[0065] Ahealthy human body regulates insulin levels in the
bloodstream using the pancreas organ. Insulin production
relates closely to the rise of BG levels in the body (e.g., when
glucose levels rise, insulin levels rise). A diabetic patient is
unable to maintain consistent insulin levels and proper insulin
response, and may require external means to assist in regu-
lating their insulin levels. Insulin pump therapy may infuse
insulin into fatty tissues just beneath the surface of the skin in
a diabetic patient. This may create a delay in the absorption of
insulin into the bloodstream.
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[0066] Typically, insulin levels rise well after a rise in glu-
cose level, thus, timing is a key issue in the delivery of insulin.
This can make it difficult to adjust insulin levels in the body to
anappropriate level. This may be compounded by the fact that
most diabetics test their BG levels after they finish eating,
sometimes significantly later than the start of the meal.
Accordingly, external systems such as infusion pumps may
be designed to account for time anomalies and the like when
delivering medication to a pump user.

[0067] In addition, users may have different profiles as
relate to digestion and metabolism. For example, a user may
have different glucose sensitivity than otherusers, and be able
to tolerate a higher or lower level of glucose. These particular
individuals’ metabolism may correlate to different glucose
levels in the blood as a result of the same specific food intake.
As another example, a user may have different insulin sensi-
tivity in which the same amount of insulin will have a differ-
ent effect on the Blood glucose level in the bloodstream. In
addition, the metabolism time of glucose and insulin for one
user may be faster or slower than for other users.

[0068] The method 600 begins when the infusion pump
system receives 610 input from a pump user. For example,
food on board (FOB) and insulin on board (JOB) values can
be received in the pump system. FOB is a measurement of
food previously consumed by a user. In one embodiment,
FOB is a measurement of food that has been consumed by a
user, but not yet converted into glucose usable by the body for
metabolism. IOB is a measurement of the insulin previously
dosed to a user. In one embodiment, IOB is a measure of the
insulin that has been dosed to a user but not yet available for
the metabolic process (i.e., insulin that has not yet been
absorbed into the bloodstream). In another embodiment, IOB
is a measure of the total insulin in a user’s system, including
insulin in the bloodstream or in the tissues. Thus, it may be a
measure of all insulin that has not yet been metabolized.
[0069] In various embodiments, the system may use the
FOB and IOB to calculate bolus amounts. Using more pow-
erful microprocessors, pumps may be designed to determine
and utilize information concerning the individual user. In
various embodiments, individual parameters such as sensitiv-
ity to insulin, carbohydrates or other endocrine information
may allow the pump to improve recommended treatments. In
some implementations, the pump system may utilize food
input and BG level input to accurately determine when a
particular meal was started, when a peak glucose level will
occur, and/or what an uncorrected BG level should be.
[0070] An onboard assistance system may include a pro-
cessing method, for example, which incorporates carbohy-
drate, protein, and fat values to determine a value for food on
board (“FOB”) for the user. The FOB calculation might cor-
respond to the equivalent amount of carbohydrate for each of
the protein and fat intakes. As such, the pump user may
request a task, and be given further assistance by the onboard
assistance system to carry out the task with accuracy.

[0071] The onboard assistance program may include a
monitoring method that incorporates previously entered data
and treatment information to determine a value for insulin on
board (“IOB”) for the user. In general, an IOB feature in a
pump calculates the decay of insulin in the body after a bolus
of'insulin is given to a pump user. The infusion pump system
may recognize current dosage levels that a user is receiving
and further, can measure the dosage to determine future infu-
sion dosages or rates. The pump user can input several vari-
ables that the pump system can utilize to recommend one or
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more treatments. Advantageously, using an infusion pump
having manual and autonomous control properties may allow
an accurate estimate of a particular bolus rate or amount. In
addition, the pump user may have flexibility in entering and
modifying the bolus rate or amount at any time.

[0072] In one embodiment, a recommended bolus amount
may be determined 620 using the following equation:

Recommended bolus amount=Food Now*Carb Ratio+
(BG-BGtarget) *insulin sensitivity-IOB+FOB

where: IOB=f(7)*bolus

FOB=A{#)*grams Carb Ratio+f{¢)*grams Protein
Ratio+f{#)*grams Fat ratio

Food Now=the amount and type of foodstuffs
ingested expressed in terms of grams, carbohydrates,
proteins or fat.

[0073] Thebolus amount determined by the above equation
may be modified or enhanced 630 based on a BG correction
factor. The BG correction factor may be calculated as the
difference between the measured BG level and the target BG
level. This difference, if any, may assist the pump user in
determining if a midstream bolus correction factor is required
or desired, as well as determine the potential magnitude of
correction. In general, the measured BG level is a function of
time against foodstuffs intake and calculated by the formula
described above.

[0074] In some implementations, the BG correction factor
may be determined by the maximum BG level whereby the
maximum BG level is an individually determined number.
The maximum BG level may be based on factors including
prior history, experience, and desired treatment levels, and
may be set by the user or a health care provider. The maxi-
mum BG level may be input and the bolus correction factor
may then be calculated based on the maximum BG level. This
may assist the pump user in determining if a midstream bolus
correction factor may be required or desired, as well as deter-
mining the potential magnitude of correction.

[0075] In some implementations, the maximum allowable
BG may be provided as input to the pump. In this example, the
pump may analyze the input and suggest an appropriate bolus
amount and corresponding timing. This information may also
allow the pump to suggest 640 midstream corrective actions,
such as a modification to an immediate or delayed bolus,
additional BG checks or other recommended changes such as
temporary suspension of therapy. If the infusion pump sug-
gests a midstream bolus correction, a magnitude of correction
can be determined 650 in the pump system. In one embodi-
ment, the infusion pump may calculate a bolus amount based
on information including the total intake of grams of carbo-
hydrates, fat and protein, as well as the timing of the intake. A
bolus amount may be recommended by calculating 620 sys-
tem parameters. The outcome of the calculations may be
made available 660 to the pump user in the user interface, for
example.

[0076] In some implementations, a delayed bolus feature
may be implemented to provide further precision in control-
ling a pump user’s BG levels. For example, anticipating what
a BG level may be after consumption of an entered foodstuff
may allow the pump system to properly dose the pump user at
an opportune time. In some implementations, the delayed
bolus may be user selectable. For example, pump users may
enter the time at which a particular foodstuff was consumed
and set a time to receive a dose of insulin.
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[0077] The modified treatment amount determined by the
pump system may include the use of additional factors not
normally used in infusion pump systems such as insulin
pumps. The advantages of using additional information may
include obtaining a treatment that is individually suited to the
user, obtaining a treatment that has a better time profile to
better match actual food consumption and medicament infu-
sion, obtaining a treatment based on additional foodstuff
information, or obtaining a treatment that is based in part on
user metabolism. The additional information may be avail-
able due to increased processing and memory abilities, new
ways of looking at ways to utilize information, and new
methodologies to obtain information. For example, asking a
user to enter a large amount of foodstuff information leads to
low compliance. However, methods described herein enable
easy entry of foodstuff information, resulting a better com-
pliance and ability to utilize information.

[0078] FIG. 7 is a flow chart illustrating a method 700 of
postponing disruptive alert messages in an infusion pump
system.

[0079] The method 700 will be described in reference to an
alert messaging system in an infusion pump. The alert mes-
saging system may alert a pump user audibly, visually, or via
another sense, such as a vibration (e.g., such that the user can
feel an alarm is being generated). Visual indicators can
include light emitting diodes (LEDs), touch screens, liquid
crystal display (LCD) screens, or other visual devices. Audio
indicators may include buzzer chips, piezoelectric indicators,
or other technology, and the like. Thus, the alert messaging
system can generate a disruptive alert to inform the user of an
event.

[0080] In general, the alert messaging system may accept
input from pump users, such as time, date and alarm or alert
criteria. For example, the pump user may manually configure
an alert-free period to suspend the receipt of the alerts for a set
period of time (e.g. 4 hours). Alternatively, the pump user may
manually request a suspension of the disruptive alerts until a
certain specified time is reached (e.g. suspend until 6 am). As
such, the pump may not produce or present audible, visual, or
other disruptive alerts in that specified time period. In addi-
tion, the pump may be programmed to defer the alerts to either
the resumption time or the end of time of the alert-free period.

[0081] The method 700 begins with the receipt 710 of a
request for postponement of alert messages. For example, the
pump user may enter a request for an alert-free period, or the
system may activate a previously set alarm. Alert-free periods
and alarms may be manually set by the pump user at any time.
For example, preemptive alerts may be set in the pump system
and may automatically engage at a set time.

[0082] When the alert postponement period begins, the
infusion pump may disable 720 one or more indicators for the
suspended alert. In some implementations, certain types of
disruptive alerts may be suspended and replaced by other alert
types. In one embodiment, the alert messaging system may
replace audible or visual indicators with a vibration indicator,
so that the pump will vibrate to provide an alert. As another
example, a pump user may wish to suppress audio indicators
for a long period of time, such as, during a seminar or meet-
ing. Thus, the user may temporarily suspend audio alert indi-
cators, but may still receive visual messaging and indicators.

[0083] In other implementations, all disruptive alerts may
be suspended until a set time. The period of time may be
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determined by a requested period of time or may be deter-
mined by the period of time until the requested resumption
time.

[0084] The method 700 may make inquiries over time to
determine 730 whether or not the alert suppression time has
expired. If the time has not completed, the suppression
remains in progress and the system awaits expiration of the
suppression time. If, however, the suppression time has
expired, the alert indicators may be enabled 740 and the
system may function accordingly. In addition to suspending
alert messages, the pump system may also receive instruc-
tions to suspend other processes.

[0085] In some implementations, a health alert or alarm
system may remain active even while the disruptive alert
system has been disabled. Disruptive alerts generally relate to
events, such as dispensing a bolus amount, a programmed
change in infusion amounts, a reminder to check blood glu-
cose levels, etc. Health alerts generally relate to health-criti-
cal events, which may have a significant health impact on the
user if not addressed. Examples of events that may generate a
health alerts include the container of medicine in the infusion
pump reaching a low level, the container of medicine in the
infusion pump being empty, a sensed blockage of flow from
the infusion pump, or other events. As these events have a
high priority, a health alert or alarm system may remain
functional even during a requested alert suspension period.
[0086] As various pump devices may be bodily worn, and
are typically very close to the user in many cases, the alert
system used by the pump devices may be very disruptive and
irritating. These disruptive alerts generally inform the user
that a dosage has occurred, that a requested bolus was deliv-
ered, or other event. In many cases the user may already know
that the event will be occurring. The advantages of disabling
a disruptive alert system includes the advantages of turning
off such alerts during meetings, during rest periods, or during
periods requiring enhanced concentration. This enables the
user (and others) to perform at an optimal level without dis-
traction for a requested period. After the requested period, the
pump system will automatically return to normal operation.
Thus, no additional input or request is needed to return to
normal operation. In addition, however, other types of alarms
may be very important to the user, such as health alerts, that
inform the user of a critical failure, problem, or other issue.
These alarms may remain enabled even during the requested
period for disabling disruptive alerts. This provides additional
assurance and peace of mind to the user that critical alarms
will not be missed.

[0087] FIG. 8 is a flow chart illustrating a method 800 of
postponing medication dispersion in an infusion pump sys-
tem.

[0088] The infusion pump may be equipped with a feature
whereby the delivery of medication may be suspended tem-
porarily at a specified time. The method 800 begins when the
duration and time of suspension are entered 810 by the pump
user, such as a patient or nurse, and the system can alert the
user of the suspended status at a predetermined interval or
period of time. The input can be manually entered into the
infusion pump via a control center, graphical user interface,
bar code reader, radio frequency (RF) reader, optical reader,
infrared reader, wireless transmission via email or Internet, or
other means suitable to enter data into a processing device.
[0089] Uponreceiving a requestto suspend medication, the
system may disable 820 the medication delivery system. In
some implementations, if suspended, the delivery of medica-
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tion may be automatically or manually restarted after a pre-
determined period of time. In other implementations, the
system may periodically assess 830 whether or not the
entered suspension time has expired. If the suspension time
has not expired, the system may continue to suspend medi-
cation and additional assessments may be performed in the
future.

[0090] Themedicationdelivery system may be enabled 840
for various reasons. In some implementations, expiration of
the suspension time may invoke the pump system to enable
the medication delivery system. In other implementations, a
pump user may interrupt the medication delivery suspension
to receive medications. For example, the pump user may be
feeling symptoms that may require medication.

[0091] FIG. 9 is a flow chart illustrating a method 900 of
transferring infusion pump parameters to one or more
devices.

[0092] At various times, the pump system may need to be
replaced to ensure proper treatment of the user. For example,
over time, the components in a pump may wear out and
require replacing. In one embodiment, the pump system may
include a mechanism portion, and a control portion that may
be communicably coupled and uncoupled when either por-
tion is replaced. In some implementations, the mechanism
portion may be detachable and disposable, while the control
portion remains intact. For example, an old pump mechanism
may be replaced by a new pump mechanism. In other imple-
mentations, the entire pump system may be a single unit, with
non-detachable mechanism and control portions. In some
embodiments, the mechanism and control portions may be
integrated.

[0093] The method of autonomous control may be initiated
for a new or previously unused pump by the transfer of param-
eters from a current pump system to initiate proper operation.
The program and information may be the entire set of param-
eters including, but not limited to, bolus profile, basal rate,
real time clock (“RTC”), blood glucose history, delivery his-
tory, and bolus history. The transfer of parameters may be
accomplished by transfer from an active or previously pro-
grammed unit or a separate programming device to a new,
unused or unprogrammed unit. Parameters can be transferred
to the new pump by either wired or wireless communications.
[0094] The method 900 begins when the infusion pump
system receives 910 a request to transfer parameters. In par-
ticular, a pump user may manually enter a request to upload or
download pump operating parameters or feedback of sug-
gested manual parameters to a database, another pump, the
Internet, or various computer programs or computer files, to
name a few examples. In some implementations, the data to
be transferred can be stored internally or externally before a
transfer is performed.

[0095] In some implementations, the method of autono-
mous control may be initiated for a new or previously unused
pump by the automatic transfer of parameters by which the
pump may initiate proper operation. Such operating param-
eters may include, but are not limited to, bolus profile, basal
rate, RTC, BG history, delivery history, and bolus history. In
one embodiment, the transfer of parameters may be accom-
plished by transfer from an active or previously programmed
unit to a new, unused or unprogrammed unit. In another
embodiment, the transfer of parameters may be downloaded
to a database and uploaded to the unprogrammed unit at
another time. Alternatively, a new or unprogrammed pump
may have the program and information loaded from a sepa-
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rate programming device. The separate programming device
may be connected to an external computer or device with an
interface that may run on graphical user interface (GUI) stan-
dards associated with that computer.

[0096] In general, when a transfer is requested, the pump
user may determine 920 a sending device from which the
parameters and feedback will be transferred. In one embodi-
ment, the sending device may be the current pump device. In
other embodiments, the sending device may be a database, a
digital computing device such as a laptop, desktop, worksta-
tion, personal digital assistant, server, or another device com-
municably coupled to the system.

[0097] After determining the sending device, the user may
determine 930 the method of transfer. This transfer may be
initiated by means of direct, pump-to-pump physical contact,
an infrared port, wireless connection, or by method and
means of a wired connection, such as through a USB port, a
serial port, or other technologies. The information transferred
may provide a seamless transition between the “old” pump
(sending device) and the “new” pump. Using a wired connec-
tion to transfer the parameters may facilitate communication
by way of acoustic, electromagnetic, optical or other form of
signaling. Ideally, the connection may be made and the trans-
fer of information may be completed before the use of the
pump. The transfer of parameters can also be accomplished
using wireless communication between the pumps. In gen-
eral, the wireless transfer of parameters or files can be sent
from the sending device to a receiving device (e.g., a new
infusion pump) through a wireless connection, such as Blue-
tooth, Ethernet, or wireless Ethernet, to name a few examples.
[0098] In the event that the transfer determined between
two infusion pumps, the receiving device may be configured
940 appropriately to receive data. For example, memory on
the device may be erased or configured to receive an upload of
data, or other parameters, such as alert systems and displays
may be tested for proper functionality. In addition, the com-
munication link may be tested 950 to ensure proper band-
width or sufficiency of streaming. The communication link
may fail prior to or concurrently with the initiation of the
transfer. In this example, one or more configuration programs
may be performed again, in an attempt to repair the link.
[0099] Once the configuration is complete and the data is
ready for transfer, the parameters may be transferred 960 to
the new pump. Upon completion of the transfer, the pump
user may manually enable other systems on the new pump,
install medication supplies, or enter further data. In some
implementations, the pump system may indicate, visually or
audibly, that further action is required from the pump user. In
some implementations, the new pump system may perform a
system check routine to ensure the pump will properly oper-
ate.

[0100] Direct communication from pump to pump enables
auser to transfer operating history, user information, configu-
ration parameters, and other information directly form one
unit to another. The advantages of such an approach may
include the ability to make such a transfer without requiring
any additional equipment or setup. An approach that requires,
for example, uploading and downloading from an internet site
requires an internet connection, access to the specific site, and
additional equipment. The user may not have all of these
elements when a pump unit begins to fail. Thus, pump to
pump direct transter enables the information to be captured in
a new pump unit rather than lost in cases where the website is
down for maintenance, the internet connection is slow or
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non-existent, or the user is on vacation or other location where
additional equipment may not be present. Direct communi-
cation from pump nit to pump unit also enables the use of
disposable pump units, while still retaining information and
history. For example, direct pump information transfer may
transfer identification, configuration, and user information,
resulting in an easy and direct initialization of a second pump
unit. In addition, operating history, historical dosage and con-
sumption information may be transferred directly to a new
pump unit. Thus, the user may completely replace the equip-
ment used, but have the full information available in the new
unit. Such an approach is not useful, and in fact, cannot be
done where a pump unit is “dumb”, and contains no process-
ing or memory storage. Rather than using a separate control
unit for all functions, and a pump unit for just dosing, a
“smart” pump unit enables the use and transfer of information
from the pump unit itself Incorporating processing and
memory capacity into the pump unit enables the use and
transfer of additional information from one pump unit to
another.

[0101] FIG.101is a flow chart illustrating a method 1000 for
entering food data into an infusion pump to receive a treat-
ment recommendation.

[0102] The method 1000 begins when personal user infor-
mation is obtained 1010 from the user, or alternatively,
accessed from the pump system. The pump user may manu-
ally enter personal information such as weight, medication
ingested, exercise performed, or other health characteristics,
and the system will store that data until needed in system
analysis, for example. In some implementations, the personal
user information can be used for analysis in determining
recommended treatments or other suggestions for the pump
user.

[0103] Next, the user may enter 1020 food information
pertaining to food ingested for the day, or food about to be
ingested. For example, the user may wish to know how much
of a specific food item can be ingested without requiring
medication. In another example, the user may simply wish to
view statistics regarding prior consumption of the entered
food.

[0104] In one example, the entered data may be analyzed,
or compared 1030 with personal user information to deter-
mine proper bolus amounts and rates. For example, from the
analyzed data, the system may internally determine the
parameters for FOB and recommended bolus amount such as
the example described in FIG. 3 above. In some implemen-
tations, the comparison 1030 may be performed to increase or
decrease a medication dosage. For example, if the pump user
has ingested a particularly high quantity of sugar filled food in
one day, an analysis may be performed to determine whether
or not to increase the insulin dosage.

[0105] Thus, user entered data may be used to determine
1040 any number of recommended treatments to benefit the
health of the pump user. Recommended treatments may
include medication dosages, consultant notices (e.g., consult
a physician), technical support (e.g., to repair the pump for
some reason), or simply recommendations on food consump-
tion (e.g., dietary recommendations) and the like. Other treat-
ment recommendations are possible in the system.