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TITLE

System for Providing Blood Glucose Measurements to an Infusion Device

RELATED APPLICATIONS |

[0001] This application is a continuation-in-part of U.S. Patent Application Serial No. 10/624,389
filed July 22, 2003, which claims priority from U.S. Provisional Application Nos. 60/398,199
filed July 24, 2002 and 60/412,998 filed September 23, 2002, and also claims prionty from U.S.
Provisional Application No. 60/478,697 filed June 13, 2003, which are herein incorporated by

reference.

FIELD OF THE INVENTION
[0002] This invention relates generally to infusion systems that are used for infusing a fluid into a
user, and 1n particular, to apparatuses and methods for providing blood glucose measurements to

an mfusion device.

BACKGROUND OF THE INVENTION
[0003] Patients with Type I diabetes and some patients with Type 2 diabetes use insulin to control

their blood glucose (BG) level. Typically, if a patient’s BG level is too high, the patient can inject
a “bolus™ (dose) of 1nsulin to lower his/her BG level from its present level to a desired target
level. Furthermore, patients may inject a bolus of insulin in anticipation of ingesting
carbohydrates, thus heading off a sharp rise in their BG level. Patients employ various
calculations to determine the amount of insulin to inject. Bolus estimation software is available
for calculating an 1nsulin bolus. Patients may use these software programs on an electronic
computing device, such as a computer, the Internet, a personal digital assistant (PDA), or an
insulin delivery device. Insulin delivery devices include infusion pumps, injection pens, and IV
meters. The best bolus estimation software takes into account the patient’s present BG level.
Presently, a patient must measure his/her blood glucose using a BG measurement device, such as
a test strip meter (“meter”), a continuous glucose measurement system, a hospital hemacue, or an
automated intermittent blood glucose measurement system. BG measurement devices use various
methods to measure the BG level of a patient, such as a sample of the patient’s blood, a sensor in

contact with a bodily fluid, an optical sensor, an enzymatic sensor, or a fluorescent sensor. When
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the BG measurement device has generated a BG measurement, the measurement 1s displayed on
the BG measurement device. Then the patient may visually read the BG measurement and
physically enter the BG measurement into an electronic computing device to calculate a bolus
estimate. Finally, once the bolus estimate 1s calculated, the patient must inject the insulin bolus or
program an insulin delivery device to deliver the bolus into their body. Unfortunately, this
process 1S cumbersome and 1s subject to transcribing errors — for example, the patient may not
accurately enter the BG measurement that 1s displayed on the BG measurement device into the
electronic computing device. Thus, 1f the BG measurement is not entered correctly, the bolus
estimate 1s not accurate. Furthermore, once the bolus estimation is complete, the patient may not
accurately enter the bolus amount into a programmable infusion device, or the patient may read

the bolus amount incorrectly and inject the wrong amount of insulin.

SUMMARY OF THE INVENTION

[0004] In preferred embodiments of the present invention, an infusion system for infusing a fluid
into a body of a user includes a charactenistic determining device and an infusion device. The
characteristic determining device includes a housing adapted to be carried by the user, a
receptacle coupled to the housing for receiving and testing an analyte from the user to determine a
concentration of the analyte in the user, a processor contained in the housing and coupled to the
receptacle for processing the determined concentration of the analyte from the receptacle, and a
communication system contained in the housing and coupled to the processor for transmitting a
communication including data indicative of the determined concentration of the analyte in the
user. In particular embodiments, the characteristic determining device may also include a lancing
device coupled to the receptacle for obtaining the analyte from the user. In preferred '
embodiments, the infusion device includes a housing adapted to be carried by the user, a drive
mechamsm contained in the housing and operatively coupled with a reservoir containing the fluid
for infusing the fluid into the body of the user, a communication system contained in the housing
for recelving the communication including the data indicative of the determined concentration of
the analyte 1n the user from the determining device, and a processor contained in the housing and
coupled to the communication system for processing the data indicative of the determined
concentration of the analyte in the user and controlling the infusion device. The infusion device
further includes a bolus estimator used in conjunction with the processor for calculating an

estimated amount of fluid to be infused into the body of the user based upon the received data
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indicative of the determined concentration of the analyte in the user and a target concentration of
the analyte in the user, and an indicator to indicate when the estimated amount of fluid to be
infused has been calculated. Additionally, the infusion device may include a user input device for
inputting an estimate of a material to be ingested by the user, and the bolus estimator may include
the capability to calculate the estimated amount of fluid to be infused into the body of the user
based upon the inputted estimate of the material to be ingested by the user. The infusion device
may also include a memory for storing the data indicative of the determined concentration of the

analyte in the user received by the infusion device communication system from the determinin g

device communication system.

[0005] In particular embodiments, the characteristic determining device automatically transmits
the communication including the data indicative of the determined concentration of the analyte in
the user to the infusion device. In other particular embodiments, the characteristic determining
device further includes a user input device for inputting commands, and transmits the
communication including the data indicative of the determined concentration of the analyte 1n the
user to the infusion device in response to a command from the user input device. In additional
embodiments, the characteristic determining device further includes an indicator to indicate a
statﬁs of the communication including the data indicative of the determined concentration of the

analyte 1n the user being transmitted from the determining device communication system to the

infusion device communication system.

[0006] In some embodiments, the communication transmitted from the characteristic determining
device to the infusion device further includes a time at which the concentration of the analyte in
the user was determined. In additional embodiments, the processor of the characteristic
determining device determines an amount of time that has elapsed since the concentration of the
analyte in the user was determined, and the communication transmitted from the determining

device to the infusion device further includes the elapsed amount of time.

Further, the processor of the characteristic determining device may cause the communication
system of the characteristic determining device not to transmit the communication including the
data indicative of the determined concentration of the analyte in the user if the elapsed amount of
time exceeds a predetermined amount of time. In other embodiments, the infusion device
processor determines an amount of time that has elapsed since the data indicative of the
determined concentration of the analyte in the user was received, and causes the bolus estimator

not to calculate the estimated amount of fluid to be infused based upon the determined
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concentration of the analyte if the elapsed amount of time exceeds a predetermined amount of
time. In still other embodiments, the processor of the infusion device determines an amount of
time that has elapsed since the concentration of the analyte in the user was determined, and causes
the bolus estimator not to calculate the estimated amount of fluid to be infused based upon the
determined concentration of the analyte if the elapsed amount of time exceeds a predetermined

amount of time.

[0007] In further embodiments, the determining device communication system is capable of being
deactivated and reactivated. The characteristic determining device includes a user input device
for inputting commands, and the communication system of the characteristic determining device
1s capable of being deactivated 1n response to a first command from the user input device and
being reactivated 1n response to a second command from the user input device. Alternatively, the
communication system of the characteristic determining device may be automatically reactivated
after a predetermined amount of time has elapsed or at a predetermined time of day. Additionally,
the characteristic determining device may include a memory for storing data indicative of the
determined concentration of the analyte in the user that is determined when the determining
device communication system 1s deactivated, and the determining device communication system
may transmit a communication including the stored data to the infusion device communication

system when the determining device communication system is reactivated.

[0008] In still other embodiments, the processor of the characteristic determining device has
unique identification information, and the communication transmitted from the characteristic
determining device to the infusion device further includes the unique identification information of
the determining device processor such that the infusion device is capable of discerning whether
the communication is intended for receipt by the infusion device. In yet other embodiments, the
processor of the infusion device has unique identification information, and the communication
transmitted from the characteristic determining device to the infusion device further includes the
unique identification information of the infusion devicé processor such that the infusion device is

capable of discerning whether the communication is intended for receipt by the infusion device.

[0009] In preterred embodiments, the processor of the infusion device uses power cycling

whereby power 1s periodically supplhed to the communication system of the infusion device until
a communication 1s received from the characteristic determining device. When a communication

1s received from the characteristic determining device, the processor of the infusion device

discontinues using power cycling whereby the power is continuously supplied to the infusion
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device communication system. The infusion device processor may then resume using power
cycling upon completing the receipt of the communication including the data indicative of the

determined concentration of the analyte in the user from the determining device communication

system.

[001 0] In particular embodiments, the infusion system further includes a connector for coupling
the characteristic determining device to a computer and downloading data from the characteristic
determining device to the computer. The communication system of the infusion device is further
capable of transmitting a communication including infusion device data to be downloaded, and
the 6ommunication system of the characteristic determining device is further capable of receiving
the communication including the infusion device data to be downloaded from the infusion device.
The recetved infusion device data is then downloaded from the characteristic determining device
through the connector to the computer. Alternatively, the characteristic determining device may
further include a memory for storing data, and the received infusion device data may be stored In

the memory of the characteristic determining device for subsequent downloading through the

connector to the computer.

[0011] In other particular embodiments, the characteristic determining device further includes a
user nput device for inputting remote control commands for controlling the infusion device. The
communication system of the characteristic determining device further transmits a communication
incIuding the remote control commands, and the communication system of the infusion device
further receives the communication including the remote control commands from the

characteristic determining device. The processor of the infusion device then controls the infusion

device 1n accordance with the received remote control commands.

[0012] In yet other particular embodiments, the infusion device further includes a user Input
device for inputting remote control commands for controlling the characteristic determining
device. The communication system of the infusion device further transmits a communication
including the remote control commands, and the communication system of the characteristic
determining device further receives the communication including the remote control commands
from the infusion device. The processor of the characteristic determining device then controls the

charactenistic determining device in accordance with the received remote control commands.

[0013] In additional embodiments, the characteristic determining device further includes a
determiming device clock, and the infusion device further includes an infusion device clock. The

infusion device communication system further transmits a communication including a time of the
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infusion device clock, and the determining device communication system further receives the
communication including the time of the infusion device clock from the infusion device
communication system. The determining device clock is then set to the received time of the
infusion device clock. Alternatively, the determining device communication system further
transmits a communication including a time of the determining device clock, and the infusion
device communication system further receives the communication including the time of the
determining device clock from the determining device communication system. The infusion

device clock 1s then set to the received time of the determining device clock.

[0014] In accordance with another embodiment of the present invention, an infusion device
infuses a fluid into a body of a user and is capable of communicating with a characteristic

determining device, which 1s adapted for determining a concentration of an analyte in the user.

The 1nfusion device includes a housing adapted to be carried by the user, a drive mechanism
contained in the housing and operatively coupled with a reservoir containing the fluid for infusing
the fluid into the body of the user, a communication system contained in the housing for receiving
a communication including data indicative of the determined concentration of the analyte in the
user from the characteristic determining device, and a processor contained in the housing and
coupled to the communication system for processing the data indicative of the determined
concentration of the analyte in the user and controlling the infusion device. The infusion device
also includes a bolus estimator used in conjunction with the processor for calculating an estimated
amount of fluid to be infused into the body of the user based upon the received data indicative of
the determined concentration of the analyte in the user and a target concentration of the analyte in

the user. The infusion device further includes an indicator to indicate when the estimated amount

of fluid to be infused has been calculated.

[0015] In accordance with still another embodiment of the present invention, a characteristic
determining device determines a concentration of an analyte in a body of a user and is capable of
communicating with an infusion device, which is adapted for infusing a fluid into the body of the
user and calculating an estimated amount of the fluid to be infused into the body of the user based
upon the determined concentration of the analyte in the user and a target concentration of the
analyte in the user. The characteristic determining device includes a housing adapted to be
carried by the user, a receptacle coupled to the housing for receiving and testing an analyte from
the user to determine the concentration of the analyte in the user, a processor contained in the

housing and coupled to the receptacle for processing the determined concentration of the analyte
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from the receptacle, and a communication system contained in the housing and coupled to the
processor for transmitting a communication including data indicative of the determined

concentration of the analyte in the user to the infusion device.

[0016] According to yet another embodiment of the present invention, an infusion system
includes a characteristic determining device and an infusion device, and a method for infusing a
fluid into a body of a user is provided. The method includes the steps of: receiving and testing an
analyte from the user to determine a concentration of the analyte in the user, transmitting with the
characteristic determining device a communication including data indicative of the determined
concentration of the analyte in the user, and receiving with the infusion device the communication
including the data indicative of the determined concentration of the analyte in the user. The data
indicative of the determined concentration of the analyte in the user received by the infusion
device from the charactenstic determining device may then be stored in a memory of the infusion
device. The method further includes the steps of calculating an estimated amount of fluid to be
infused into the body of the user based upon the received data indicative of the determined
concentration of the analyte in the user and a target concentration of the analyte in the user, and
indicating when the estimated amount of fluid to be infused has been calculated. Additionally, the
method may include the step of inputting an estimate of a material to be ingested by the user, and
the estimated amount of fluid to be infused into the body of the user is calculated further based

upon the inputted estimate of the matenal to be ingested by the user.

[0017] In some embodiments, the communication including the data indicative of the determined
concentration of the analyte 1n the user i1s automatically transmitted from the charactenstic
determining device to the infusion device. In other embodiments, the communication including
the data indicative of the determined concentration of the analyte in the user is transmitted from
the characteristic determining device to the infusion device in response to an inputted command.
In still other embodiments, the system indicates a status of the communication including the data

indicative of the determined concentration of the analyte in the user being transmitted from the

charactenstic determining device to the infusion device.

[0018] In particular embodiments, the communication including the data indicative of the
determined concentration of the analyte in the user transmitted from the characteristic determining
device to the mnfusion device further includes a time at which the concentration of the analyte in
the user was determined. In other particular embodiments, the system also determines an amount

of time that has elapsed since the concentration of the analyte in the user was determined. In yet
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other particular embodiments, the system determines an amount of time that has elapsed since the
communication including the data indicative of the determined concentration of the analyte 1n the

user was received by the infusion device.

[0019] In additional embodiments, the method further includes the steps of transmitting with the
infusion device a communication including a clock time of the infusion device, receiving with the
characteristic determining device the communication including the clock time of the infusion
device, and setting a clock time of the characteristic determining device to the received clock time
of the infusion device. Alternatively, the method may include the steps of transmitting with the
characteristic determining device a communication including a clock time of the charactenstic
determining device, receiving with the infusion device the communication including the clock
time of the characteristic determining device, and setting a clock time of the infusion device to the

received clock time of the characteristic determining device.

[0020] In accordance with a further embodiment of the present invention, an infusion system for
infusing a fluid into a body of a user includes a characteristic determining device and an infusion
device. The characteristic determining device includes a determining device housing adapted to
be carried by the user, a sensor coupled to the determining device housing for determining a
concentration of an analyte in the user, a determining device processor contained in the
determining device housing and coupled to the sensor for processing the determined concentration
of the analyte from the sensor, and a determining device communication system contained in the
determining device housing and coupled to the determining device processor for transmitting a
communication including data indicative of the determined concentration of the analyte in the
user. The infusion device includes an infusion device housing adapted to be carried by the user, a
drive mechanism contained in the infusion device housing and operatively coupled with a
reservoir containing the fluid for infusing the fluid into the body of the user, an infusion device
communication system contained in the infusion device housing for receiving the communication
including the data indicative of the determined concentration of the analyte in the user from the
determining device communication system, and an infusion device processor contained in the
infusion device housing and coupled to the infusion device communication system for processing

the data indicative of the determined concentration of the analyte in the user and controlling the

infusion device.

[0021] In particular embodiments, the determining device communication system automatically

transmits the communication including the data indicative of the determined concentration of the
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analyte 1n the user to the infusion device communication system. In other particular
embodiments, the characteristic determining device further includes a user input device for
inputting commands, and the determining device communication system transmits the
communication including the data indicative of the determined concentration of the analyte in the
user to the infusion device communication system in response to a command from the user input
device. In further particular embodiments, the characteristic determining device includes an
indicator to indicate a status of the communication including the data indicative of the determined
concentration of the analyte in the user being transmitted from the determining device

communication system to the infusion device communication system.

[0022] In some embodiments, the infusion device further includes a bolus estimator used in
conjunction with the infusion device processor for calculating an estimated amount of fluid to be
infused into the body of the user based upon the received data indicative of the determined
concentration of the analyte in the user and a target concentration of the analyte in the user. The
infusion device also includes an infusion device indicator to indicate when the estimated amount
of fluid to be infused has been calculated. In other embodiments, the infusion device further
includes a memory for storing data, and the data indicative of the determined concentration of the
analyte in the user received by the infusion device communication system from the determining

device communication system is stored in the memory of the infusion device.

[0023] In additional embodiments, the determining device processor has unique identification
information, and the communication transmitted from the determining device communication
system to the infusion device communication system further includes the unique identification
information of the determining device processor such that the infusion device is capable of
discerming whether the communication is intended for receipt by the infusion device. In yet
additional embodiments, the infusion device processor has unique identification information, and
the communication transmitted from the determining device communication system to the
Infusion device communication system further includes the unique identification information of

the infusion device processor such that the infusion device is capable of discerning whether the

communication is intended for receipt by the infusion device.

[0024] In further embodiments, the determining device communication system is capable of being
deactivated and reactivated. The characteristic determining device may also include a memory
for storing data indicative of the determined concentration of the analyte in the user that is

determined when the determining device communication system is deactivated. The determining
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device communication system then transmits a communication including the stored data to the
infusion device communication system when the determining device communication system 1s

reactivated.

[0025] In still further embodiments, the infusion device processor uses power cycling whereby
power is periodically supplied to the infusion device communication system until a
communication is received from the determining device communication system. The mfusion
device processor discontinues using power cycling whereby the power 1s continuously supplied to
the infusion device communication system when the communication including the data indicative
of the determined concentration of the analyte in the user is received from the determining device
communication system. Further, the infusion device processor resumes using power cycling upon
completing the receipt of the communication including the data indicative of the determined

concentration of the analyte in the user from the determining device communication system.

[0026] In other embodiments, the infusion system further includes a connector for coupling the

characteristic determining device to a computer and downloading data from the characteristic
determining device to the computer. The infusion device communication system 1s further
capable of transmitting a communication including infusion device data to be downloaded, and
the determining device communication system 1s further capable of receiving the communication
including the infusion device data to be downloaded from the infusion device communication
system. The received infusion device data is then downloaded from the characteristic determining
device through the connector to the computer. The download may be transparent to the user. The
download may occur whenever the computer senses the presence of the infusion device or
charactenistic determining device, when the infusion device or characteristic determining device is
placed 1n a cradle, and/or at certain, predetermined times. The download may be a partial

download. In further embodiments, the computer and/or several devices are configured to share

information with each other.

[0027] In yet other embodiments, the characteristic determining device further includes a
determining device clock, and the infusion device further includes an infusion device clock. The
infusion device communication system further transmits a communication including a time of the
infu.sion device clock, and the determining device communication system further receives the
communication including the time of the infusion device clock from the infusion device
communication system. The determining device clock is then set to the received time of the

infusion device clock. Alternatively, the determining device communication system further
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transmits a communication including a time of the determining device clock, and the infusion
device communication system further receives the communication including the time of the
determining device clock from the determining device communication system. The infusion

device clock is then set to the received time of the determining device clock.

[0028] In yet further embodiments, the infusion system comprises an infusion device and a
sensing device. The sensing device includes a sensor and a transmitter in communication with the
infuston device. The sensing device may sense an analyte of a bodily fluid of the user. The
sensing device may be calibrated using data from the infusion device and/or from a characteristic
determining device. In further embodiments, the sensing device senses additional physiological
charactenistics. In still further embodiments, the system is set up to automatically call for

assistance when analytes reach a certain level. The call may include a global positioning system
(GPS) location.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A detailed description of embodiments of the invention will be made with reference to the

accompanying drawings, wherein like numerals designate corresponding parts in the several

figures.

[0030] Fig. 1 1s a perspective view of a blood glucose meter and an infusion pump in accordance

with an embodiment of the present invention.

[0031] Fig. 2 is a simplified block diagram of an infusion pump in accordance with an

embodiment of the present invention.

[0032] F1g. 3(a) is a block diagram of an RF communication system in the infusion pump in

accordance with an embodiment of the present invention.

[0033] Fig. 3(b) is a block diagram of an RF communication system in the infusion pump in

accordance with another embodiment of the present invention.

[0034] F1g. 4(a) is a simplified block diagram of a blood glucose meter in accordance with an

embodiment of the present invention.

[0035] Fig. 4(b) is a simplified block diagram of a blood glucose meter in accordance with

another embodiment of the present invention.

[0036] F1g. S 1s a simplified block diagram of a blood glucose meter in accordance with still

another embodiment of the present invention.
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[0037] Fig. 6 is a perspective view of a sensing device in accordance with an embodiment of the

present invention.

[0038] Fig. 7 1s a perspective view of a sensing device in accordance with an embodiment of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0039] As shown in the drawings for purposes of illustration, the invention is embodied in a
system for communicating blood glucose measurements from a blood glucose measurement
device to an electronic computing device, which utilizes the blood glucose measurements to
calculate a bolus estimate. In preferred embodiments, the blood glucose (BG) measurement
device 1s a blood glucose (BG) test strip meter, and the electronic computing device is an insulin
delivery device, preferably an external insulin infusion pump. The BG meter utilizes a test strip
with a sample of the user’s blood to measure the user’s BG level, and then transmits the BG
measurement to the infusion pump using a communication system that includes, for example, a
radio frequency (RF) transmitter or transceiver. The infusion pump receives the BG measurement
from the BG meter, and includes bolus estimation software to calculate a bolus estimate using the
received BG measurement. The infusion pump may then deliver a bolus amount to the user based
on the calculated bolus estimate. Transmission of the BG measurement from the BG meter to the
infusion pump eliminates user transcription errors (i.e., the user may not accurately enter the BG
measurement into the infusion pump) and simplifies the use of a bolus estimator. In particular
embodiments, the BG meter may also function as a remote controller for the infusion pump, so
the user can initiate a bolus delivery (without the bolus estimator) or stop a bolus delivery using
buttons located on the BG meter. The BG meter may further function as a communications link

for downloading data from the infusion pump to a computer or the like.

[0040] However, 1n alternative embodiments of the present invention, the BG measurement
device may be a continuous glucose measurement system, a hospital hemacue, an automated
intermittent blood glucose measurement system, and the like, and/or the BG measurement device
may use other methods for measuring the user’s BG level, such as a sensing device including a

sensor 1n contact with a body fluid, an optical sensor, an enzymatic sensor, a fluorescent sensor, a

blood sample placed in a receptacle, or the like.

[0041] In further alternative embodiments, the electronic computing device may be another type
of insulin delivery device, such as an implantable insulin infusion pump or system that uses a

combination of implantable and external components, an injection pen, an IV meter, and the like.
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In other alternative embodiments, the electronic computing device may be a computer, the
Internet, a personal digital assistant (PDA), a portable telephone, a custom computing device, and
the like. In still further alternative embodiments, the BG measurement device may use samples
from body fluids other than blood, such as interstitial fluid, spinal fluid, saliva, urine, tears, sweat,
or the like. In yet other alternative embodiments, other measurement devices may be utilized to
determine the concentrations, levels, or quantities of other characteristics, analytes, or agents in
the user, such as hormones, cholesterol, oxygen, pH, lactate, heart rate, respiratory rate,
medication concentrations, viral loads (e.g., HIV), or the like. In still other alternative
embodiments, other fluids may be delivered to the user, such as medication other than insulin
(¢.g., HIV drugs, drugs to treat pulmonary hypertension, iron chelation drugs, pain medications,
and anti-cancer treatments), chemicals, enzymes, antigens, hormones, vitamins, or the like.
Particular embodiments are directed towards the use in humans; however, in alternative

embodiments, the infusion devices may be used in animals.

[0042] In addition to, or in lieu of, the BG measurement device such as the BG meter, the present
invention may include a sensing device, which senses analyte values. In preferred embodiments,
the analyte values are BG values. The sensing device preferably includes a sensor in contact with
a bodily fluid of the user and a transmitter, wired and/or wireless. The BG sensor data are
transmitted to the electronic computing device, for example an insulin delivery device, preferably
an external insulin infusion pump. BG measurement values from the BG measurement device,
such as the BG meter, are also sent to the electronic computing device. The sensor data is
calibrated using the BG measurement values, and the calibrated sensor data and/or BG
measurement values are shown on a display of the electronic computing device. In still further
embodiments, the sensor is incorporated into the electronic computing device. The electronic
computing device may transmit sensor data to the BG measurement device and/or the sensor data
may be used in the electronic computing device. The sensor data is calibrated using BG
measurement values from the BG meter, which may be transmitted to the electronic computing
device and/or entered into the electronic computing device manually. The calibrated sensor data

and/or BG measurement values may then be displayed on the display of the electronic computing

device.

[0043] In preferred embodiments of the present invention, a blood glucose (BG) measurement
device measures a user’s BG level and then communicates the BG measurement to an electronic

computing device, which utilizes the BG measurement to calculate a bolus estimate. In the
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embodiment illustrated in Fig. 1, the BG measurement device is a BG test strip meter 10, and the
electronic computing device is an insulin delivery device, preferably an external insulin infusion

pump 50.

[0044] Referring to Figs. 1 and 4(a), a housing 13 of the BG meter 10 preferably includes a test
strip receptacle or port 11 for receiving and analyzing a test strip 12 or the like with a sample of
the user’s blood 14 on the test strip 12 to obtain a BG measurement. The BG meter 10 is adapted
to be carried by the user, for example, in the hand, on the body, in a clothing pocket, attached to
clothing (e.g., using a clip, strap, adhesive, or fastener), and the like. In particular embodiments,
the user may utilize a separate lancing device (not shown) to obtain a blood sample, and then
apply the sample onto the test strip 12. In other particular embodiments, the BG meter 10 may
Incorporate a lancing device (not shown) that obtains and automatically applies the blood sample

onto the test strip 12.

[0045] In alternative embodiments, the BG measurement device may be a continuous glucose
measurement system, a hospital hemacue, an automated intermittent blood glucose measurement
system, and the like, and/or the BG measurement device may use other methods for measuring the
user's BG level, such as a sensor in contact with a body fluid, an optical sensor, an enzymatic
sensor, a fluorescent sensor, a blood sample placed in a receptacle, or the like. The BG
measurement device may generally be of the type and/or include features disclosed in U.S. Patent
Applications Serial No. 09/377,472 filed August 19, 1999 and entitled “Telemetered
Characteristic Monitor System and Method of Using the Same,” Serial No. 09/334,996 filed June
17, 1999 and entitled “Characteristic Monitor with a Characteristic Meter and Method of Using
the Same,” Serial No. 09/487,423 filed January 20, 2000 and entitled “Handheld Personal Data
Assistant (PDA) with a Medical Device and Method of Using the Same,” and Serial No.
09/935,827 filed August 23, 2001 and entitled “Handheld Personal Data Assistant (PDA) with a
Medical Device and Method of Using the Same,” which are herein incorporated by reference.
Such BG measurement devices may be adapted to be carried by the user, for example, in the hand,
on the body, in a clothing pocket, attached to clothing (e.g., using a clip, strap, adhesive, or
fastener), and the like. In further alternative embodiments, the BG measurement device may use
samples from body fluids other than blood, such as interstitial fluid, spinal fluid, saliva, urine,
tears, sweat, or the like. In yet other alternative embodiments, other characteristic determining or

measuring devices may be utilized to determine or measure the concentrations, levels, or

quantities of other characteristics, analytes, or agents in the user, such as hormones, cholesterol,
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oxygen, pH, lactate, heart rate, respiratory rate, medication concentrations, viral loads (e.g., HIV),

or the like.

[0046] In particular embodiments, once the BG meter 10 obtains a BG measurement, the BG
measurement 1s transmitted to the infusion pump 50 using a communication system, which
includes a radio frequency (RF) transmitter 15, as will be described below. In other particular
embodiments, the RF transmitter 15 may be replaced with an RF transceiver 19 (as shown in Fig.
4(b)) or 36 (as shown in F 12. 5), and the BG measurement may be transmitted to the infision

pump 50 using the RF transceiver 19 or 36.

[0047] The test strip port 11 and RF transmitter 15 are coupled to a processor 17 contained in the
housing 13 of the BG meter 10. The processor 17 runs programs and controls the BG meter 10,
and 1s also connected to a memory 30 for storing p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>