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CONTROLLER DEVICE FOR AN INFUSION 
PUMP 

RELATED APPLICATION DATA 

[0001] This is a continuation-in-part of Us. patent appli 
cation Ser. No. 11/204,667, ?led Aug. 16, 2005, Which Was 
?led concurrently With Us. patent application Ser. No. 
11/204,583, Which are herein incorporated by reference. 

FIELD OF THE INVENTION 

[0002] Embodiments of this invention relate generally to 
infusion systems and methods for delivering ?uids into an 
individual’s body. More particularly, embodiments of the 
invention relate to apparatuses and methods for providing a 
convenient Way in Which to monitor and control the ?uids 
delivered to the individual’s body, including improved opera 
tion of embodiments of the invention in loW-light environ 
ments. 

Description of Related Art 

[0003] Patients With Type 1 diabetes and some patients With 
Type 2 diabetes use insulin to control their blood glucose 
(BG) level. Diabetics must modify their daily lifestyle to keep 
their body in balance. To do so, diabetics need to keep strict 
schedules, including ingesting timely nutritious meals, par 
taking in exercise, monitoring BG levels daily, and adjusting 
and administering insulin dosages accordingly. Testing of BG 
levels has been both painful and aWkWard for the patient. 
Traditionally, insulin dependent diabetics Were required to 
monitor their BG levels by puncturing a ?nger tip With a 
needle. Due to the fact that many patients must conduct such 
a test multiple times throughout the day to regulate their BG 
levels, the procedure can be painful and inconvenient. 
[0004] Typically, patients may employ various calculations 
to determine the amount of insulin to inject. For example, 
bolus estimation softWare is available for calculating an insu 
lin 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 implantable delivery systems. The better 
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, a continuous glucose measurement system, or a 
hospital hemacue. 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 ?uid, 
an optical sensor, an enzymatic sensor, or a ?uorescent sen 
sor. In loW-light environments, patients may experience dif 
?culty With proper placement of the test strip into the strip 
port of the BG measurement device. 
[0005] When the BG measurement device has generated a 
BG measurement, the measurement is 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 esti 
mate. Finally, once the bolus estimate is calculated, the 
patient must inject the insulin bolus or program an insulin 
delivery device to deliver the bolus into their body. Unfortu 
nately, this process is also cumbersome and is subject to 
transcribing errorsifor example, the patient may inaccu 
rately enter the BG measurement that is displayed on the BG 
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measurement device into the electronic computing device. 
Thus, if the BG measurement is not entered correctly, the 
bolus estimate is not accurate, Which may lead to the delivery 
of an inappropriate insulin dose. In other devices, the mea 
surement is transmitted to the electronic computing device. 
[0006] In infusion systems Where a display is included for 
convenient vieWing of selected information, such as that 
requested by the user or an instructed act that Was undertaken 
by the infusion device, the display is generally located on the 
infusion device. This may be inconvenient for the user to vieW 
information because the infusion device is typically secured 
to or near an infusion site on the user’s body. Thus, vieWing 
may require the user to move or manipulate the infusion 
device to vieW the display Which may lead to improper read 
ing of the display. 

BRIEF SUMMARY OF THE INVENTION 

[0007] In accordance With embodiments of the invention, 
an infusion system is provided that alloWs for the control of 
the delivery of a ?uid or medication. An embodiment of the 
present invention includes a controller device and a therapy/ 
diagnostic device, such as an infusion device. The controller 
device may be a hand-held device, separate from the infusion 
device, that alloWs the user to communicate With the infusion 
device Without actually handling the infusion device. 
[0008] The controller device includes a housing adapted to 
be carried by the user and a communication system contained 
in the housing for transmitting a communication or command 
from the user to the infusion device. In alternative embodi 
ments, the controller device may receive communications 
sent from the infusion device or other components of the 
infusion system, such as for example, a characteristic deter 
mining device. Further, the controller device may include a 
user input device on the controller device housing, such as 
keys, buttons, or the like, for the user to input data or com 
mands. In addition, or alternatively, the user input device may 
comprise a touch screen (such as, e.g., one or more of a 
resistive, capacitive, surface acoustic Wave, near ?eld imag 
ing, infrared, and/or other types of touch screen). 
[0009] The controller device includes on the housing a 
display that may mimic the display on the infusion device. In 
certain embodiments, Whatever is shoWn on the infusion 
device corresponds to that shoWn and re?ected on the display 
of the controller device. The controller device display shoWs 
information according to communications sent to it from the 
infusion device. The user may more conveniently vieW What 
is being processed or acted upon in the infusion device With 
out removing or adjusting the infusion device to vieW the 
display. In further embodiments, the controller device may be 
con?gured so that the input devices included alloW all, or 
substantially all, vieWing and data entry to be performed on 
the controller device Without moving or referring to the infu 
sion device. 
[0010] Among other advantages, embodiments of the 
present invention may provide convenience and ease of use. 
For example, an embodiment With a user interface and display 
on the controller device may cater to the active lifestyles of 
many insulin dependent diabetics. A large and simple display 
minimiZes the potential for error in reading and interpreting 
test data. A small overall siZe permits discretion during self 
monitoring and makes it easy to carry. In another embodi 
ment, the controller device may be integrated With a charac 
teristic determining device into one housing and feature a 
large target area for strip insertion to make the monitoring 
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procedure fast and accurate. In some embodiments, the con 
troller device display may include a dedicated backlight to 
facilitate vieWing. 
[0011] In additional embodiments, the controller device 
may include an illuminator that is disposed so as to illuminate 
the above-mentioned target area for strip insertion, including 
the inserted test strip itself. In yet other embodiments, the 
characteristic determining device may be integrated With the 
infusion device, rather than With the controller device, into 
one housing. In this case, the infusion device features a large 
target area for strip insertion, as Well as an illuminator that is 
con?gured to illuminate the target area, including the inserted 
test strip itself. In embodiments of the invention, the illumi 
nator may be activated upon insertion of the test strip, by 
operation of a button, key, or other mechanism, and/or by 
feedback from a light sensor When the sensor determines that 
the available lighting is beloW a pre-determined level. 
[0012] The controller device also re?ects the other func 
tions that the particular infusion device may shoW, including 
a variety of other displays, for example, When the last bolus 
Was administered, When the last alarm occurred, When the last 
?nger stick Was taken, past trends, all alarms that occurred in 
a time period, calibrations, meals, exercise, bolus schedules, 
temporary basal delivery, diagnostic information, and the 
like. Whenever a bolus is being delivered, the infusion device 
can send a message every time a tenth of a unit, or some 

speci?ed amount, is delivered, Which the user may monitor 
via the controller device display. 
[0013] In certain embodiments, the infusion device is the 
central hub With peripheral devices being the controller 
device and a characteristic determining device. The charac 
teristic determining device is adapted to sense and determine 
the concentration of an analyte of a patient and directs the 
infusion device ?uid delivery according to the measurements. 
While the term “analyte” is used herein, it is possible to 
determine and use other characteristics as Well using the same 
type of system. The control is maintained in the central hub 
and the infusion device sends out most of the commands. The 
infusion device also sends requests to receive speci?c data 
from the controller device and the characteristic determining 
device, if one is included. 

[0014] In particular embodiments, Where the controller 
device is integrated With the characteristic determining 
device into one housing, the controller device may automati 
cally transmit communications including the data indicative 
of the determined concentration of the analyte in the user to 
the infusion device. In other particular embodiments, the 
controller device further includes a user input device for 
inputting commands, and transmits the communications to 
the infusion device in response to a command from the user 
input device. In additional embodiments, the controller 
device further includes an indicator to indicate a status of the 
communication including the data indicative of the deter 
mined concentration of the analyte in the user being transmit 
ted from the determining device communication system to the 
infusion device communication system. Data compression 
may be employed to speed up communications. 
[0015] In further embodiments, the infusion device may 
contain all or substantially all of the intelligence. The amount 
of time that the controller communicates With the infusion 
device or other components may be limited to save poWer in 
the controller device. For example, radio-frequency (RF) 
communications may be minimized, such that the marriage 
betWeen the infusion device and controller occurs once until 
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further communication is necessary to exchange data. The 
information regarding the screens displayed is sent to the 
controller, and When the infusion device needs to display a 
screen, it sends a screen number to the controller. In the case 
of screen displays, if the data being sent is ?xed, then the 
screen canbe simply displayed. If the data is variable, then the 
variable data is sent With the screen to the infusion device. 
Exchange IDs, strings to be displayed, and foreign languages 
are among data that may be sent from the controller. Further 
commands that may be sent from the infusion device include, 
among other commands, a command to shoW a speci?c 
screen on the controller device, a command for displaying 
requested information on the screen, a command for shoWing 
the rules for the input devices, a command for shoWing the 
intelligence about that screen type (e.g., menus, data entries, 
etc.), and the like. 
[0016] The controller device and the infusion device may 
communicate to one another through Wireless or non-Wireless 
methods. Some examples of Wireless methods include, by no 
Way in limitation, RF, infrared (IR), Bluetooth, ZigBee, and 
other 802.15 protocols, 802.11 WiFi, spread spectrum com 
munication, and frequency hopping communication. Further 
examples include giving the controller device cellular tele 
phone or pager capabilities. In the alternative, the communi 
cation may be Wired, such as in hospital use. In a Wired 
embodiment, there may be a tether physically connecting the 
infusion device to the controller device. In yet another alter 
native, the controller device and the infusion device could be 
both Wired and WirelessiWhen Wired, the tWo components 
communicate by Wire, and When disconnected, the tWo com 
ponents could operate through Wireless communication. 
[0017] In anotherWireless example, if the user has access to 
a computer netWork or phone connection, the user can open 
communication via the internet to obtain communications 
from, and send communications to, a nurse, parent, or anyone 
so desired. A transceiver may be used to facilitate data trans 
fer betWeen the PC and the infusion device. Such a commu 
nication may also be used by a party, other than the user, to 
control, suspend, and/ or clear alarms. This embodiment could 
be very useful for a parent to monitor the infusion system of 
a child, or for a physician to monitor the infusion system of a 
patient. As a non-limiting example, further description of a 
communication station may be found in Us. Pat. No. 5,376, 
070, Which is herein incorporated by reference. The trans 
ceiver may alloW patients at home or clinicians in a hospital 
setting to communicate With the various components of the 
infusion system via RF telemetry. The transceiver may be 
used to doWnload device information from the infusion 
device and sent to the PC When the transceiver is connected in 
to the serial port of the PC. In embodiments, the transceiver 
may derive its poWer from the PC When the tWo are con 
nected. In this Way, the transceiver conveniently does not 
require a separate poWer source. In another embodiment, a 
cellular phone may be used as a conduit for remote monitor 
ing and programming. In yet other embodiments, the control 
ler device may also act as a transceiver, Which Would elimi 
nate an extra component. 

[0018] In yet further embodiments, the infusion system 
includes an infusion device and/or a sensing device. The 
sensing device includes a sensor and a transmitter in commu 
nication With the infusion device. The transmission may 
occur via Wire or Wireless methods. The sensing device 
includes a sensor and a transmitter in communication With the 
infusion device. The sensing device may sense an analyte of 



US 2009/0227855 A1 

a bodily ?uid of the user and provide continuous monitoring 
of that analyte. The sensing device may be calibrated using 
data from the infusion device and/or from a characteristic 
determining device. As noted, the characteristic determining 
device may be a stand-alone device, or it may be integrated 
into a single housing With the controller device or the infusion 
device. In further embodiments, the sensing device senses 
additional physiological characteristics. In still further 
embodiments, the system is set up to automatically call for 
assistance When analytes reach a certain level. The system 
may be set up to notify others, for example, through a cellular 
network. In such a manner, the patient’s cellular telephone 
may be used to connect to emergency services. The call may 
include a global positioning system (GPS) location. GPS 
functions may be included separately from cellular telephone 
type functions. 
[0019] Communications betWeen the system components 
may be performed in a variety of manners. In an embodiment 
using RF options, there could be employed a “spread spec 
trum” Where a large range of RFs can be used to relay the 
communication. In another embodiment, changing frequen 
cies can be used so as to pick up Whatever frequency is 
present. This is knoWn as frequency hopping, Where the fre 
quency changes periodically or so to take advantage of all, or 
substantially all, frequencies available. Another embodiment 
is one that uses adaptive frequency selection, or Listen Before 
Talk (LBT), Where the devices select the cleanest available 
channel from those allotted prior to transmitting. In some 
cases, frequency hopping alloWs the system to ?nd frequen 
cies that are not being used by other nearby systems and thus 
avoid interference. In addition, a system may operate in a 
manner Where each component-to-component communica 
tion is on a different frequency, or Where the delay for each 
communication is different. Other types of RF, that are not 
described, may also be used for communication, such as, 
translation frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] A detailed description of embodiments of the inven 
tion Will be made With reference to the accompanying draW 
ings, Wherein like numerals designate corresponding parts in 
the ?gures. 
[0021] FIG. 1 is a front vieW of a controller device accord 
ing to an embodiment of the invention. 
[0022] FIG. 2 is a front vieW of a blood glucose meter 
integrated into a controller device housing according to an 
embodiment of the invention. 
[0023] FIG. 3 is a front vieW of a blood glucose meter 
integrated into a controller device housing according to 
another embodiment of the invention. 
[0024] FIG. 4A is a front vieW of a blood glucose meter 
integrated into a controller device housing communicating 
With an infusion device according to an embodiment of the 
invention. 
[0025] FIG. 4B is a perspective vieW of a controller device 
according to another embodiment of the invention. 
[0026] FIG. 4C shoWs a test-strip receptacle and associated 
test strip for a blood glucose meter integrated into the housing 
of the controller device shoWn in FIG. 4B. 
[0027] FIG. 4D is a front vieW of an infusion device, includ 
ing a blood glucose meter integrated into a single housing, 
communicating With a controller device according to an 
embodiment of the invention. 
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[0028] FIG. 5 is a block diagram of an RF communication 
system in an infusion device according to an embodiment of 
the invention. 
[0029] FIG. 6A is a block diagram of a controller device 
according to an embodiment of the invention. 
[0030] FIG. 6B is a block diagram of a controller device 
according to an embodiment of the invention. 
[0031] FIG. 7 is a block diagram of different communica 
tion paths Within the infusion system according to an embodi 
ment of the invention. 
[0032] FIG. 8 is a diagram of the electronics architecture of 
a controller device according to an embodiment of the inven 
tion With a custom integrated circuit. 

DETAILED DESCRIPTION OF THE INVENTION 

[0033] In the folloWing description, reference is made to 
the accompanying draWings Which form a part hereof and 
Which illustrate several embodiments of the present inven 
tions. It is understood that other embodiments may be utiliZed 
and structural and operational changes may be made Without 
departing from the scope of the present inventions. 
[0034] In one embodiment, the controller device is a hand 
held device separate from the therapy/diagno stic device, such 
as an infusion device, that alloWs the user to communicate 
With the therapy/diagno stic device Without actually handling 
the device. Other examples of therapy/diagnostic devices 
include electronic therapy devices and devices that receive 
diagnostic information from cardiac and other sensors. As 
illustrated in FIG. 1, the controller device 5 includes a hous 
ing 3 adapted to be carried by the user and a communication 
system (not shoWn) contained in the housing 3 for transmit 
ting a communication or command from the user to the infu 
sion device. In further embodiments, the controller device 5 
may receive communications sent from the infusion device or 
other components of the infusion system, such as for 
example, a characteristic determining device. Further, the 
controller device may include one or more user input devices 
211 and 2b on the controller device housing 3, such as keys, 
buttons, or the like, for the user to input data or commands. 
The controller device 5 includes a display 4 on the controller 
device housing 3 Which simultaneously displays Whatever 
information and/or graph is being displayed on the infusion 
device display at that moment. The display 4 alloWs a user to 
easily monitor and control What actions are taking place in, or 
being performed by, the infusion device. In some embodi 
ments, the controller device 5 may further include a backlight 
1 in the controller device display 4 for easier vieWing. The 
backlight may be adapted to be in one or more colors, Which 
can be user selectable for personaliZed use. In further embodi 
ments, the backlight may be adapted to ?ash and/ or turn to a 
color such as yelloW or red When various alerts and alarms 
take place. In additional embodiments, the controller device 5 
may include accessories such as hand straps 6 to provide 
convenient handling. In particular embodiments, the control 
ler is siZed smaller than 6 inches long by 4 inches Wide by 1 
inch thick. 
[0035] In certain embodiments, a characteristic determin 
ing device that senses and determines the concentration of an 
analyte of a patient, for example blood glucose (“BG”), and 
controls the infusion device according to the measurements, 
may be included in an infusion system With the controller 
device and the infusion device. The characteristic determin 
ing device includes a housing, a receptacle coupled to the 
housing for receiving and testing an analyte from the user to 
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determine a concentration of the analyte in the user, a proces 
sor 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 com 
munication including data indicative of the determined con 
centration of the analyte in the user. In particular embodi 
ments, the characteristic determining device may also include 
a lancing device coupled to the receptacle for obtaining the 
analyte from the user. 

[0036] In embodiments, the infusion device includes a 
housing adapted to be carried by the user, a drive mechanism 
contained in the housing and operatively coupled With a res 
ervoir containing the ?uid for infusing the ?uid into the body 
of the user, a communication system contained in the housing 
for receiving the communication including the data indicative 
of the determined concentration of an analyte in the user from 
a characteristic determining device, and a processor con 
tained 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. In particular embodiments, the infusion 
device is siZed smaller than 6 inches long by 4 inches Wide by 
1 inch thick. 

[0037] The infusion device may further include a bolus 
estimator used in conjunction With the processor for calcu 
lating an estimated amount of ?uid 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 an indicator 
to indicate When the estimated amount of ?uid to be infused 
has been calculated. The system may determine the concen 
tration of one of any variety of analyte types including, but not 
limited to, oxygen, blood, temperature, lactase, pH, implant 
able, and the like. Additionally, the infusion device may 
include a user input device, such as keys, buttons, or the like, 
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 ?uid 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 deter 
mining device communication system. 
[0038] In still further alternative embodiments, the charac 
teristic determining device is a BG measurement device and 
may use samples from body ?uids other than blood, such as 
interstitial ?uid, spinal ?uid, saliva, urine, tears, sWeat, or the 
like. In yet other alternative embodiments, other measure 
ment 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 concentra 
tions, viral loads (e.g., HIV), or the like. In still other alter 
native embodiments, other ?uids may be delivered to the user, 
such as medication other than insulin (e.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; hoW 
ever, in alternative embodiments, the infusion devices may be 
used in animals. For pain management, a bolus function may 
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be set up as a Patient ControlledAnalgesic (PCA) function for 
customiZed delivery or the user may press a preset bolus 
button several times. 

[0039] In other embodiments, the characteristic determin 
ing device is a BG meter that determines BG level and the 
infusion device is an insulin infusion pump. The BG meter 
communicates the measurement of BG to the infusion pump 
device to determine the amount of insulin for delivery to the 
user. 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 measure 
ment device may use other methods for measuring the user’s 
BG level, such as a sensor in contact With a body ?uid, an 

optical sensor, a RF sensor, an enzymatic sensor, a ?uorescent 
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 US. patent application Ser. No. 
09/377,472 ?led Aug. 19, 1999 and entitled “Telemetered 
Characteristic Monitor System and Method of Using the 
Same,” Ser. No. 09/334,996 ?led Jun. 17, 1999 and entitled 
“Characteristic Monitor With a Characteristic Meter and 
Method of Using the Same,” Ser. No. 09/487,423 ?led Jan. 
20, 2000 and entitled “Handheld Personal Data Assistant 
(PDA) With a Medical Device and Method of Using the 
Same,” and Ser. No. 09/935,827 ?led Aug. 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 particular embodiments, the BG measurement 
device is siZed smaller than 6 inches long by 4 inches Wide by 
1 inch thick. 

[0040] In alternative embodiments of the invention, the BG 
meter may be integrated into the controller device housing, as 
shoWn in FIG. 2, Where the controller device housing 15 
includes a BG meter receptacle 20. The controller device 10 
includes a housing 15 adapted to be carried by the user, a BG 
meter receptacle 20 coupled to the housing 15 for receiving 
and testing BG level from the user to determine a concentra 
tion of the BG in the user. A BG test strip 25 that holds a user’s 
blood sample is inserted into the BG meter receptacle 20 for 
testing by the controller device 10. In variations, the control 
ler device 10 may have a cartridge-like mechanism Which 
loads and presents the strip for testing and then ejects it. The 
controller device 10 has a display 30 on the housing 15 to 
shoW information requested by the user or an instructed act 
that Was undertaken by the infusion device, such as for 
example, determined concentration of blood glucose levels, 
BG trends or graphs, such as described and disclosed in US. 
patent application Ser. No. 10/ 624,177, entitled “System for 
Monitoring Physiological Characteristics,” Which is herein 
incorporated by reference. The display 30 may further 
include a dedicated backlight 35 to facilitate vieWing. The 
backlight 35 may be a user programmable multi-color back 
light that additionally performs the function of a visual indi 
cator by ?ashing colors appropriate to the level of an alert or 
alarm. The backlight 35 may also have variable intensity 
(automatic or manual) to preserve the battery poWer and 
improved vieWing. The controller device 10 includes a key 
pad 40 on Which various input devices, such as keys, buttons, 
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or the like, are located. The keypad buttons 45a, 45b, 45c, and 
45d are used by the user to select options and/or input infor 
mation. 

[0041] The poWer of the controller device and of the other 
various devices discussed herein may be provided from a 
battery. The battery may be a single use or a rechargeable 
battery. Where the battery is rechargeable, there may be a 
connector or other interface on a device to attach the device to 

an electrical outlet, docking station, portable recharger, or so 
forth to recharge the battery While in the device. It is also 
possible that a rechargeable battery may be removable from 
the device for recharging outside of the device, hoWever, in 
some cases, the rechargeable battery may be sealed into the 
housing of the device to create a more Water resistant or 
Waterproof housing. The devices may be adapted to accom 
modate various battery types and shapes. In further embodi 
ments, the devices may be adapted to accommodate more 
than one type of battery. For example, a device may be 
adapted to accommodate a rechargeable battery and, in the 
event of battery failure or other need, also adapted to accom 
modate a readily available battery, such as aAA battery, AAA 
battery, or coin cell battery. 
[0042] In FIG. 3, another embodiment of a controller 
device is shoWn. Again, the controller device 110 includes a 
housing 115 adapted to be carried by the user, and a BG meter 
receptacle 120 coupled to the housing 115 for receiving and 
testing the BG level from the user to determine a concentra 
tion of the BG in the user. A BG test strip 125 that holds a 
user’s blood sample is inserted into the BG meter receptacle 
120 for testing by the controller device 110. The controller 
device 110 has a display 130 on the housing 115 to shoW 
information requested by the user or an instructed act that Was 
undertaken by the infusion device, such as for example, deter 
mined concentration of blood glucose levels, graphs of blood 
glucose level trends or ?uid delivery information. The display 
130 may include a dedicated backlight 135 to facilitate vieW 
ing. The controller device 110 includes a feW input devices, 
such as keys, buttons, or the like, on the housing 115. The 
housing buttons 145a, 145b, and 1450 are used by the user to 
select options and/ or input information. 
[0043] FIG. 4A illustrates an embodiment of an infusion 
system that includes an infusion device 50, and further 
includes a controller device integrated With a BG meter 10, 
Where both share one housing. The controller device 10 com 
municates to the infusion pump device 50 through a Wireless 
method, for example RF signals. The controller device 10 
senses and determines the concentration of BG level of a 
patient and controls the infusion device 50 according to the 
measurements. This substantially reduces, if not eliminates, 
calculations on the part of the patient. In particular embodi 
ments, the infusion device 50 includes a housing 55 adapted 
to be carried by the user. On the housing 55 there is included 
a display 60 that, like the BG meter display 30, shoWs infor 
mation requested by the user or an instructed act that Was 
undertaken by the infusion device 50. The infusion device 50 
may not include a display, but in that case there should be a 
suspend/resume input and an action input for safety reasons. 
The BG meter display 30 shoWs information according to 
communications sent to the controller device 10 from the 
infusion device 50. At any moment, the display 60 of the 
infusion device 50 may shoW substantially the same informa 
tion as shoWn on the controller device display 30. The tWo 
displays may mimic one another so that the user may choose 
to conveniently vieW the selected information from the con 
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troller device 10 rather than the infusion device 50, Which is 
usually attached to the user’s body through the infusion set 
75. The infusion device 50 delivers ?uid from Within the 
housing 55, through tubing 80, into the infusion set 75, and 
into the user’s body at an infusion site. 
[0044] In embodiments Where the infusion device 50 does 
include a display, the display 60 may further include a dedi 
cated backlight 63 to facilitate vieWing. The backlight 63 may 
be a user programmable multi-color backlight that addition 
ally performs the function of a visual indicator, Which may 
?ash and/ or turn to a color, e. g., yelloW or red, When an alert 
or alarm takes place. The backlight 63 may also have variable 
intensity (automatic or manual) to preserve the battery poWer 
and provide improved vieWing. Further included on the infu 
sion device 50 is a keypad 65 With various input devices, such 
as the keypad buttons 70a, 70b, and 700 illustrated in the 
?gure. 
[0045] FIG. 4B shoWs another embodiment of a controller 
device 610. As in the embodiments described previously, the 
controller device 610 includes a housing 615 adapted to be 
carried by the user, and a BG meter receptacle 620 coupled to 
the housing 615 for receiving and testing BG levels from the 
user to determine a concentration of the BG in the user. A BG 
test strip 625 that holds a user’s blood sample is inserted into 
the BG meter receptacle 620 for testing by the controller 
device 610. The controller device 610 has a display 630 on the 
housing 615 to shoW information requested by the user or an 
instructed act that Was undertaken by an infusion device, such 
as, for example, the determined concentration of blood glu 
cose levels, graphs of blood glucose level trends, or ?uid 
delivery information. The display 630 may include a dedi 
cated backlight 635 to facilitate vieWing. The controller 
device 610 includes a keypad 640, Which may be used by the 
user to select options and/or input information. In addition, or 
alternatively, option selection and/ or data entry may be per 
formed by means of a touch screen via the display 630. 
[0046] The controller device 610 also includes an illumi 
nator 671 to assist users Who might experience di?iculty With 
proper placement of the test strip 625 into the BG meter 
receptacle 620 in loW-light environments. In order to illumi 
nate the receptacle 620 and/or the test strip 625, the illumi 
nator 671 may be generally disposed Within the vicinity of the 
BG meter receptacle 620. Thus, in FIGS. 4B and 4C, the 
illuminator is shoWn to be located just above the BG meter 
receptacle 620; hoWever, this is by Way of illustration and 
example only, and the illuminator 671 may be located at other 
locations relative to the receptacle 620. 
[0047] As shoWn in FIG. 4C, the test strip 625 has a ?rst end 
62511 which is inserted into the receptacle 620, and a second, 
free end 6251). In practice, it may be desirable to have the 
illuminator 671 illuminate an area that covers not only the 
opening of the receptacle 620, but also the free end 6251) of 
the test strip 625 When the test strip is completely inserted into 
the receptacle, as the free end 6251) is the point at Which blood 
contacts the strip. To this end, in embodiments of the inven 
tions the illuminator 671 is con?gured to project its light 
forWard for a pre-determined distance (e.g., 20 mm) beyond 
the opening of the receptacle 620 to ensure that the free end 
6251) of the test strip is illuminated When the test strip is fully 
inserted into the receptacle. 
[0048] In certain embodiments, the illuminator 671 may be 
a light-emitting diode (LED) and may be con?gured to pro 
vide various levels of light intensity. For example, the illumi 
nator 671 may provide loW-intensity illumination When the 
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backlight 635 of the controller device display 630 is on. On 
the other hand, the illuminator may provide high-intensity 
illumination When the test strip 625 is inserted into the recep 
tacle 620. Depending on the speci?c application, the loW 
intensity illumination may fall, e. g., Within a range of about 2 
to about 5 millicandelas at 110° F, and the high-intensity 
illumination may fall Within a range of about 40 to about 50 
millicandelas at 1100 F. The LED may emit White light, 
although other colors of lighting may also be used. 
[0049] The illuminator 671 may be con?gured to be acti 
vated automatically upon insertion of the test strip 625. Addi 
tionally, and/or alternatively, the controller device 610 may 
include an illuminator on/off button, key, or similar mecha 
nism for selective activation/de-activation by the user. In this 
regard, the illuminator 671 may be used to illuminate the 
patient’s lancet site When taking a BG reading. Similarly, the 
illuminator may be used to illuminate the patient’s site to not 
only enhance proper placement, but also locate and identify 
skin irritation, leakage, and the like. In embodiments of the 
invention, the controller device 610 may include a light sen 
sor for measuring ambient light. In such embodiments, the 
illuminator 671 may be activated only When the measured 
light level falls beloW a pre-determined intensity. Thus, the 
illuminator 671 may be con?gured to be activated, e.g., only 
at night, or only in a dark room, etc., thereby helping to 
preserve poWer. The light sensor may be of the type that is 
generally knoWn in the art, such as, e.g., those used in loW 
poWer battery-operated devices. The controller device 610 
may communicate and interact With the infusion device 50 as 
shoWn and described in connection With FIG. 4A. 

[0050] FIG. 4D shoWs an embodiment of an infusion sys 
tem in Which a BG meter is integrated into the infusion device 
750, Which communicates With a controller device 10' 
through a Wireless method, such as, e.g., RF signals. The 
infusion device 750 senses and determines the concentration 
of BG level of a patient, and then acts in accordance With the 
measurements. As in previously-described embodiments, this 
substantially reduces, if not eliminates, calculations on the 
part of the patient. In particular embodiments, the infusion 
device 750 includes a housing 755 adapted to be carried by 
the user. On the housing 755 there is included a display 760 
that shoWs information requested by the user or an instructed 
act that Was undertaken by the infusion device 750. The 
infusion device 750 may not include a display, but in that case 
there should be a suspend/resume input and an action input 
for safety reasons. The controller device display 30' shoWs 
information according to communications sent to the control 
ler device 10' from the infusion device 750. At any moment, 
the display 760 of the infusion device 750 may shoW substan 
tially the same information as shoWn on the controller device 
display 30'. The tWo displays may mimic one another so that 
the user may choose to conveniently vieW the selected infor 
mation from the controller device 10' rather than the infusion 
device 750, Which is usually attached to the user’s body 
through the infusion set 775. The infusion device 750 delivers 
?uid from Within the housing 755, through tubing 780, into 
the infusion set 775, and into the user’s body at an infusion 
site. 

[0051] It is noted that, in FIG. 4D, the controller device 10' 
includes substantially the same components and structural 
elements, and performs substantially the same functions, as 
the controller device 10 shoWn in FIG. 2, With the exception 
that controller device 10' does not include an integrated BG 
meter, thereby eliminating the need for a receptacle 20 to 
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receive a test strip 25. Thus, the housing 15', the display 30', 
and the backlight 35' (When present) may correspond, respec 
tively, to the housing 15, the display 30, and the backlight 35. 
Moreover, the keypad 40' and keypad buttons 40a‘, 40b‘, 40c‘, 
40d‘ may correspond, respectively, to keypad 40 and keypad 
buttons 40a, 40b, 40c, 40d. Alternatively, the keypad 40', the 
keypad buttons 40a‘, 40b‘, 40c‘, 40d‘, and/or the display 30' 
may be supplemented or replaced With the keypad 640 shoWn 
in FIG. 4B and/ or a touch screen. 

[0052] Returning to the infusion device 750 of FIG. 4D, in 
embodiments Where the infusion device does include a dis 
play, the display 760 may further include a dedicated back 
light 763 to facilitate vieWing. The backlight 763 may be a 
user programmable multi-color backlight that additionally 
performs the function of a visual indicator, Which may ?ash 
and/or turn to a color, e.g., yelloW or red, When an alert or 
alarm takes place. The backlight 763 may also have variable 
intensity (automatic or manual) to preserve the battery poWer 
and provide improved vieWing. Further included on the infu 
sion device 750 is a keypad 765 With various input devices, 
such as the keypad buttons 770a, 770b, and 7700 illustrated in 
the ?gure. 
[0053] The infusion device 750 also includes a BG meter 
receptacle 720 coupled to the housing 755 for receiving and 
testing BG levels from the user to determine a concentration 
of the BG in the user. A BG test strip 725 that holds a user’s 
blood sample is inserted into the BG meter receptacle 720 for 
testing by the infusion device 750. The infusion device 750 
also includes an illuminator 771 to assist users Who might 
experience dif?culty With proper placement of the test strip 
725 into the BG meter receptacle 720 in loW-light environ 
ments. In order to illuminate the receptacle 720 and/ or the test 
strip 725, the illuminator 771 may be generally disposed 
Within the vicinity of the BG meter receptacle 720. Thus, in 
FIG. 4D, the illuminator is shoWn to be located just above the 
test strip 725; hoWever, this is by Way of illustration and 
example only, and the illuminator 771 may be located at other 
locations relative to the receptacle 720. 

[0054] The test strip 725 has a ?rst end (not shoWn) Which 
is inserted into the receptacle 720, and a second, free end 
7251). In practice, it may be desirable to have the illuminator 
771 illuminate an area that covers not only the opening of the 
receptacle 720, but also the free end 7251) of the test strip 725 
When the test strip is completely inserted into the receptacle, 
as the free end 7251) is the point at Which blood contacts the 
strip. To this end, in embodiments of the invention, the illu 
minator 771 is con?gured to project its light forWard for a 
pre-determined distance (e. g., 20 mm) beyond the opening of 
the receptacle 720 to ensure that the free end 7251) of the test 
strip is illuminated When the test strip is fully inserted into the 
receptacle. 
[0055] In certain embodiments, the illuminator 771 may be 
a light-emitting diode (LED) and may be con?gured to pro 
vide various levels of light intensity. For example, the illumi 
nator 771 may provide loW-intensity illumination When the 
backlight 763 of the infusion device display 760 is on. On the 
other hand, the illuminator may provide high-intensity illu 
mination When the test strip 725 is inserted into the receptacle 
720. Depending on the speci?c application, the loW-intensity 
illumination may fall, e.g., Within a range of about 2 to about 
5 millicandelas at 110° E, and the high-intensity illumination 
may fall Within a range of about 40 to about 50 millicandelas 
at 1100 F. The LED may emit White light, although other 
colors of lighting may also be used. 
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[0056] The illuminator 771 may be con?gured to be acti 
vated automatically upon insertion of the test strip 725. Addi 
tionally, and/or alternatively, the infusion device 750 may 
include an illuminator on/off button, key, or similar mecha 
nism for selective activation/de-activation by the user. In this 
regard, the illuminator 771 may be used to illuminate the 
patient’s lancet site When taking a BG reading. Similarly, the 
illuminator may be used to illuminate the patient’s site to not 
only enhance proper placement, but also locate and identify 
skin irritation, leakage, and the like. In embodiments of the 
invention, the infusion device 750 may include a light sensor 
for measuring ambient light. In such embodiments, the illu 
minator 771 may be activated only When the measured light 
level falls beloW a pre-determined intensity. Thus, the illumi 
nator 771 may be con?gured to be activated, e.g., only at 
night, or only in a dark room, etc ., thereby helping to preserve 
poWer. The light sensor may be of the type that is generally 
knoWn in the art, such as, e.g., those used in loW-poWer 
battery-operated devices. 
[0057] FIG. 5 provides a block diagram of the infusion 
device 150. The infusion device 150 includes a drive mecha 
nism 152 contained in the housing 172 and operatively 
coupled With a reservoir 154 containing the ?uid for infusing 
the ?uid into the body of the user, a communication system 
156 contained in the housing 172 for receiving the commu 
nication from the controller device including data indicative 
of the determined concentration of the BG in the user from the 
BG meter, and a processor 158 contained in the housing 172 
and coupled to the communication system 156 for processing 
the received communications and controlling the infusion 
device 150. The ?uid is delivered from the reservoir 154 
through an outlet 168 in the housing 172 and into the user’s 
body via the tubing 180 and infusion set 175. The infusion 
device 150 may further include an indicator displayed on the 
display 160 to indicate When the estimated amount of ?uid to 
be infused has been calculated. Additionally, the infusion 
device 150 may include one or more user input device(s), 
such as keys, buttons, and the like, for inputting an estimate of 
a material to be ingested by the user, and the estimated 
amount of ?uid to be infused into the body of the user may be 
based upon this inputted estimate of material to be ingested. A 
bolus estimator may be used in conjunction With the infusion 
device processor for estimating the appropriate amount of 
?uid to be infused into the body of the user. There may be 
included a keypad 165 on Which the one or more input device 
(s) are located. The infusion device 150 may also include a 
memory 166 for storing the data received by the infusion 
device communication system 156 from the controller device 
communication system. 
[0058] In further embodiments, a speaker 164 is included to 
provide an alternative mode of communication. In an embodi 
ment, the infusion device 150 may display a message that 
states “move nearer to pump” When the BG meter or control 
ler device senses that the communication With the infusion 
device 150 is Weak or interrupted. A similar message may be 
displayed if the BG meter or controller device senses some 
type of problem or malfunction. Alternatively, an alarm 162 
may alert the user of any problem or malfunction by vibrat 
ing, emitting Warning sounds, ?ashing light, and the like. In 
further embodiments, the infusion device 150 may provide 
other functions that shoW a variety of other displays, for 
example, When the last bolus Was administered, When the last 
alarm occurred, When the last ?nger stick Was taken, past 
trends, all alarms that occurred in a time period, calibrations, 
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meals, exercise, bolus schedules, temporary basal delivery, 
and the like. Whenever a bolus is being delivered, the infusion 
device 150 can send a message every time a tenth of a unit, or 
some speci?ed amount, is delivered. 
[0059] As seen in FIG. 6A, the controller device 210, 
includes a housing 215 adapted to be carried by the user. A 
processor 212 contained in the housing 215 is adapted to 
process data and commands inputted by the user, and a trans 
mitter 218 (or a transceiver 318 (as shoWn in FIG. 6B)) 
contained in the housing 215 and coupled to the processor 212 
transmits such communications, including data indicative of 
the determined concentration of the BG in the user, to the 
infusion device 250. In further embodiments, the controller 
device 21 0 may be integrated With a BG meter in one housing, 
Which has a lancing device and receptacle for BG test strips, 
for obtaining a BG sample from the user. 

[0060] The controller device 210 may communicate With a 
remote station, such as a computer 224, through a data trans 
fer system, using a type of communication connector 222, 
that couples the controller device 210 to the computer 224 and 
alloWs the data doWnloading. Alternatively, communication 
may be by Wireless methods, such as RF, IR, Bluetooth or 
other Wireless methods. Data may be doWnloaded via the RF 
telemetry in the same manner as data is transferred from the 
controller device 210 to the infusion pump device 250. The 
transmitter 218 (or a transceiver 318 (as shoWn in FIG. 6B)) 
converts RF signals into compatible electrical pulses that may 
be subsequently sent through a serial port to a speci?ed des 
tination. Data, including softWare upgrades and diagnostic 
tools, may also be doWnloaded via RF telemetry, or any other 
Wireless or Wired method, from a remote station, such as the 
computer 224, to the infusion device 250. Other remote sta 
tions include, but are not limited to, a hospital database, a 
cellular telephone, a PDA, a smart phone or internet. For 
example, a cellular phone may be used as a conduit for remote 
monitoring and programming. In one embodiment, the con 
troller device may be con?gured so as to have cellular tele 
phone capabilities. In further embodiments, the controller 
device and/or the other devices With display may be capable 
of providing PDA functions as Well, removing the need for 
patients to carry separate PDA devices. 
[0061] The controller device 210 includes on the housing a 
display 230 that may mimic the display on the infusion pump 
device 250. The controller device display 230 shoWs infor 
mation according to communications sent to the controller 
device 210 from the infusion device 250. At any moment, the 
display of the infusion device 250 may shoW substantially the 
same information as shoWn on the controller device display 
230. In some embodiments, Whatever is shoWn on the infu 
sion device 250 corresponds to that shoWn and re?ected on 
the display 230 of the controller device 210. In this manner, 
the user may more conveniently vieW What is being processed 
or acted upon in the infusion pump device 250 Without 
removing or adjusting the infusion pump device 250 to vieW 
the display. In embodiments, the controller device 210 may 
include one or more input device(s) 245, such as keys, but 
tons, and the like, on a keypad 265 so that all, or substantially 
all, vieWing and data entry may be performed on the same 
device Without moving the infusion pump device 250. 
[0062] The infusion pump device 250 and the controller 
device 210 need to have substantially the same resolution or 
else the screen may not be presented correctly on the display. 
Another dif?culty may be in properly displaying the scaling 
of graphs. This issue may be addressed by having the infusion 
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pump device talk in an “ideal” screen, and not necessarily in 
its actual screen format. As shown in FIG. 7, the potential 
communication paths Within embodiments of the infusion 
system are illustrated. The controller device 410 may serve as 
a translator betWeen the infusion device 450 and the other 
components of the infusion system 400, such as a BG meter 
482. For example, the controller device 410 may have the 
ability to determine hoW best to translate the infusion device’s 
450 description to the screen of the tWo displays. As can be 
seen, the infusion device 450 may communicate directly With 
the BG meter 482. In alternative embodiments, the resolution 
need not be the same, and the infusion device and/ or control 
ler can compensate for the resolution difference so that one or 
the other may utiliZe enhanced displays or a simple display 
depending on the devices and the needs of the user. 

[0063] In some embodiments, the infusion system 400 may 
include multiple controllers that can communicate With one 
infusion device 450. In other embodiments, there is one con 
troller device 410 communicating to one infusion device 450. 
The controller device may also be integrated into the infusion 
device in some embodiments. In an alternative embodiment, 
in addition to, or in place of, the controller device 410, the BG 
meter 482 may be integrated into the infusion device 450, 
sharing a single housing. In yet another embodiment, the BG 
meter 482 may be integrated into the controller device 410, 
sharing one housing, to both communicate With the infusion 
pump device 450. In this embodiment, the controller is sepa 
rate from the infusion pump device. In this embodiment, the 
infusion device 450 serves as the central hub With most of the 
intelligence of the system 400. In yet another embodiment, 
the controller device 410 may be a key fob, in Which case, the 
controller device 410 Would serve simply as a virtual key 
board to input data and commands to the infusion device 450. 
Optional peripheral devices may include a physiological 
characteristic sensor device, such as a telemetered glucose 
monitoring system (TGMS) sensor. Alternatively, the sensor 
may be directly Wired to a monitor/user interface. The TGMS 
sensor or physiological characteristic sensor 486 may provide 
for continuous BG monitoring. The physiological character 
istic sensor 486 may also be linked to a bedside monitor 492 
so that monitoring and programming of medication delivery 
may be performed remotely. In some embodiments, the infu 
sion pump device does not include, nor need, a display. In this 
embodiment, a key fob may serve as a remote display. Other 
options for a remote display include, but are not limited to, 
cellular telephones, computer monitors, PDA’s, smart 
phones, Watch remotes, and the like. The infusion device 450 
may further communicate With, and doWnload data such as 
softWare upgrades and diagnostic tools from, a remote station 
like a computer 424 from a connector 422. Optionally, the 
infusion device 450 may also communicate With the control 
ler device 410 through a station such as a cellular station 488 
that includes GPS. In further embodiments, the connector 422 
may have memory capability to transport data. 

[0064] In the above embodiment, the control is maintained 
in the central hub and the infusion pump device 450 sends out 
most of the commands. The infusion device 450 also sends 
requests to receive speci?c data from the controller device 
410. The controller device 410 and the infusion pump device 
450 may communicate to one another by a connector 422, 
other Wired methods or by Wireless methods, such as RF, IR, 
Bluetooth, or other Wireless methods. In other embodiments, 
the infusion pump device 450 may contain all or substantially 
all of the intelligence. The controller device 410 and the 
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infusion device 450 may be limited in the amount of time that 
they communicate With one another to save poWer in the 
controller device 410. For example, RF communications may 
be minimiZed, such that the marriage betWeen the infusion 
pump device 450 and controller device 410 occurs once. The 
information regarding the screens displayed is sent to the 
controller device 410, and When the infusion pump device 
450 needs to display a screen, it sends a screen number to the 
controller device 410. In the case of screen displays, if the 
data being sent is ?xed, then the screen can be simply dis 
played. If the data is variable, then the variable data is sent 
With the screen to the infusion pump device 450. The screen 
is then displayed based on a combination of the ?xed screen 
information and the variable data. Exchange IDs, strings to be 
displayed, and foreign languages are among data that may be 
sent from the controller device 410. Further commands that 
may be sent from the infusion pump device 450 include, 
among other commands, a command to shoW a speci?c 
screen on the controller device 410, a command for display 
ing requested information on the screen, a command for 
shoWing the rules for the input devices, a command for shoW 
ing the intelligence about that screen type (e.g., menus, data 
entries, etc.), and the like. The devices may all send diagnostic 
information to each other, and particularly to the controller 
device, so that the user may see if anything is going Wrong 
With any of the devices. 

[0065] FIG. 8 shoWs an electronics architecture according 
to an embodiment of the invention With a custom integrated 
circuit (“custom IC”) 558 as the processor. This architecture 
can support many of the devices discussed herein, for 
example the controller device, the infusion device, the char 
acteristic determining device, a BG meter, or any combina 
tion of the above. The custom IC 558 is in communication 
With a memory 566, keypad 565, audio devices 564 (such as 
speakers or audio electronic circuitry such as voice recogni 
tion, synthesis or other audio reproduction), and a display 
560. Where there is a drive mechanism in a device that 
includes infusion functions, the custom IC 558 is in commu 
nication With a motor 552 or motor drive circuitry or other 
means of delivering ?uids or therapy via an electro-mechani 
cal means. Where there are one more sensors included in the 

device, or in communication With the device (such as a char 
acteristic determining device or a device Which includes a 
characteristic determining function), the custom IC 558 is in 
communication With the sensors 580. The electronics archi 
tecture further may include a communications block 595 in 
communication With the custom IC 558. The communica 
tions block 595 may be adapted to provide communication 
via one or more communications methods, such as RF 596, a 
USB 597, and IR 598. In further embodiments, the custom IC 
558 may be replaced by electronic circuitry, discrete or other 
circuitry, With similar functions. 
[0066] The electronics architecture may include a main 
battery 590 and a poWer control 592. The poWer control 592 
may be adapted to give an end of battery Warning to the user, 
Which can be predicted based on the type of battery used or 
can be calculated from the poWer degradation of the battery 
being used. HoWever, in certain embodiments it is not neces 
sary to knoW the type of battery used to create an end of 
battery Warning. Various battery types, such as rechargeable, 
lithium, alkaline, etc., can be accommodated by this design. 
In certain embodiments, the electronics architecture includes 
a removable battery and an internal backup battery. Whenever 
a neW removable batter is inserted, the internal backup battery 
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Will be charged to full capacity and then disconnected. After 
the removable battery has been drained of mo st of its energy, 
it Will be sWitched out of the circuit and the internal backup 
battery Will be used to supply poWer to the device. A loW 
battery Warning may then be issued. The internal backup 
battery may be rechargeable. In further embodiments, a 
supercap, for example, is used to handle the peak loads that 
the rechargeable internal battery could not handle directly, 
because it has suf?cient energy storage. This method also 
alloWs the use of any type of removable battery (alkaline, 
lithium, rechargeable, etc.) and partially drained batteries. 
Depending on use, the backup battery may alloW the device to 
operate for at least one day after the removable battery has 
been drained or removed. In further embodiments, a micro 
processor measures the charge states and control sWitches for 
removable and internal backup batteries. 
[0067] In certain embodiments, the controller device has no 
user settings and very little memory, because all, or substan 
tially all, needed data and instructions Will be sent to the 
controller device by the infusion pump device. Thus, the 
functions are all, or substantially all, contained on the infu 
sion pump device in such embodiments. 
[0068] In alternative embodiments, the infusion pump 
device may include expanded capabilities, such as color on 
the display screens, and more graph options that can present 
more detailed graphs. For example, there may be included a 
graph called “mobile day” Where the BG levels of the user for 
the past ?ve days may be shoWn as overlapping graphs. The 
mobile day graph alloWs the user to see the trend in BG level 
changes during those days, and aids the user in better control 
ling the insulin delivery according to the trends that appear for 
speci?c times of each day. 
[0069] The BG meter may also include expanded capabili 
ties, such as for example, voice synthesis, voice activation, 
polyphonic speakers for the vision impaired, and plugs on the 
BG meter for headphones. LikeWise, the controller device 
may also be con?gured to provide these expanded capabili 
ties. 

[0070] As described above, the controller device may be 
integrated With the BG meter in some embodiments. In those 
embodiments, the input keys and the display Will all, or sub 
stantially all, be included on the controller device. The BG 
meter may also be separate from the controller device and 
may talk directly to a sensing device, such as a TGMS sensor. 
The TGMS sensor is inserted into the subcutaneous tissue of 
the user to read body ?uids, and alloWs for continuous blood 
glucose monitoring. The readings are used in conjunction 
With the BG level determined by the BG meter to continu 
ously monitor BG levels through extrapolating the BG mea 
surements. This embodiment Would be compatible With users 
that do not have an infusion pump device, in Which case, there 
is a need for the ability to talk directly to the TGMS sensor 
Without talking to the infusion pump device. 
[0071] If the BG meter talks to the TGMS sensor then the 
TGMS sensor may broadcast the data received from the BG 
meter to the infusion pump device and the controller device. 
In some embodiments, the infusion pump device Will alWays 
send the data to the controller device. In the case that the 
controller device does not receive the information from the 
infusion pump device, it Will assume that the infusion pump 
device has not received the data and Will communicate the 
value to infusion pump device. In other embodiments, the 
infusion pump device, controller device and TGMS sensor 
maintain a three-Way communication With one another, and 
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have the ability to check the contacts betWeen one another. In 
still further embodiments, the system is set up to automati 
cally call for assistance When analytes reach a certain level. 
The call may include a GPS location. 

[0072] In an embodiment of the present invention, the 
graph displayed on the controller device may display infor 
mation regarding boluses, ?nger sticks, exercise, meals and 
the like. In one embodiment, the graph displayed has eight 
segments, representing different limits and an actual BG line. 
In other embodiments, the graphs may include additional 
time spans for Which to shoW the varying BG levels. For 
example, the embodiments may include a 3 hour, 6, l2, and 24 
hour graphs. Additional features of the graphs may include 
the ability to Zoom in or out of the graph. There may be 
included an ESC key that Will alloW the user to return to the 
last scale. Other options may alloW the user to focus on 
speci?c positions on a graph. In yet another feature, the user 
can select the resolution in Which to vieW the graph. 
[0073] In a situation Where the infusion pump device and 
the controller device are out of sync, e.g., the graph on the 
pump and the graph on the controller device do not look 
substantially the same, there needs to be a Way to resynchro 
niZe the tWo components if something goes Wrong. For 
example, if ?nger stick values do not both have current ?nger 
stick values, then the graphs for the controller device and the 
infusion pump device Would be different. 
[0074] There also may be some type of positive mechanism 
for the controller device if the communication betWeen the 
controller device and the pump is interrupted. For example, 
the mechanism may have the controller device stop display 
ing its graph in a “time-out” phase for the time the infusion 
pump device screen is absent or no more data is entered by the 
user for a period of time. In this case, the infusion pump 
device operates on the last data that the infusion pump device 
sent to the controller device to display. In an embodiment, the 
controller device Will display an idle screen during the time 
out phase and While the communication betWeen the infusion 
pump device and the controller device is re-established. The 
idle screen may remain until the next action is selected by the 
user. After the time-out phase, the user may press a key to start 
up the communication again. Once a key is pressed, the 
controller device Will process the key data and the screen Will 
be displayed. The controller device may periodically send 
signals to the pump to see if it is still active on the screen. 

[0075] In alternative embodiments, there Will be a positive 
con?rmation requested prior to displaying graphs. For 
example, the graphs may be shoWn in bitmap packets (e.g., 
bit-by-bit), and if the user Will be getting a large number of 
packets of data, for example 15 packets of data, to shoW the 
graph, the user may opt not to con?rm. The data is passed 
from the controller device, Which is programmed to display 
the data, to the infusion pump device. The controller device 
can operate in graphics description language Where data is 
recogniZed by the controller device as instructing it on Which 
position to put each line or color and the graphics display 
Would handle determining the resolution that the graph Would 
be displayed in. In some embodiments, the graph may be 
displayed in three-dimensional format. 
[0076] The speci?c screens to be displayed may include 
?xed menus, partially variable menus, and variable menus. In 
?xed menus, the menus do not change depending on data. 
Therefore, they Will alWays look substantially the same on the 
screen, and the controller device may be programmed to 
display them When requested. The ?xed menus may be 












