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(57) ABSTRACT 
An infusion system for infusing a liquid into a body includes 
an external infusion device and a remote commander. The 
external infusion device includes a housing, a receiver, a 
processor and an indication device. The receiver is coupled 
to the housing and for receiving remotely generated com 
mands. The processor is coupled to the housing and the 
receiver to receive remotely generated commands and to 
control the external infusion device in accordance With the 
commands. The indication device indicates When a com 
mand has been received and indicates When the command is 
being utilized to control the external infusion device so that 
the external infusion device is capable of being concealed 
from vieW When being remotely commanded. The remote 
commander includes a commander housing, a keypad for 
transmitting commands, and a transmitter for transmitting 
commands to the receiver of the external infusion device. 
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EXTERNAL INFUSION DEVICE WITH REMOTE 
PROGRAMMING, BOLUS ESTIMATOR AND/OR 

VIBRATION ALARM CAPABILITIES 

RELATED APPLICATIONS 

[0001] This application claims priority on US. Provi 
sional Patent Application Serial No. 60/096,994 ?led on 
Aug. 18, 1998, Which is herein speci?cally incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to external infusion devices 
and, in particular embodiments, to a medication infusion 
device that includes the capability to be remotely controlled, 
a bolus estimator to determine the dosage to be administered 
by the infusion device, and a vibration alarm. 

BACKGROUND OF THE INVENTION 

[0003] Insulin must be provided to people With Type I and 
many With Type II diabetes. Traditionally, since it cannot be 
taken orally, insulin has been injected With a syringe. More 
recently, use of external infusion pump therapy has been 
increasing, especially for delivering insulin for diabetics 
using devices Worn on a belt, in a pocket, or the like, With 
the insulin delivered via a catheter With a percutaneous 
needle or cannula placed in the subcutaneous tissue. For 
example, as of 1995, less than 5% of Type I diabetics in the 
United States Were using pump therapy. There are noW about 
7% of the currently over 900,000 Type I diabetics in the US. 
using insulin pump therapy, and the percentage is noW 
groWing at an absolute rate of over 2% each year. Moreover, 
the number of Type I diabetics is groWing at 3% or more per 
year. In addition, groWing numbers of insulin using Type II 
diabetics are also using external insulin infusion pumps. 
Physicians have recogniZed that continuous infusion pro 
vides greater control of a diabetic’s condition, and are also 
increasingly prescribing it for patients. In addition, medica 
tion pump therapy is becoming more important for the 
treatment and control of other medical conditions, such as 
pulmonary hypertension, HIV and cancer. Although offering 
control, pump therapy can suffer from several complications 
that make use of a pump less desirable for the user. 

[0004] One draWback is the inability to conceal an exter 
nal infusion pump and catheter tubing from vieW. Many 
users desire to hide the external pump under clothing so as 
not to seem different from normal people. HoWever, this is 
inconvenient or impractical, especially for diseases such as 
diabetes, since a user must have ready access to the external 
pump for monitoring or administering extra amounts of 
medication (i.e., boluses during the course of the day). If a 
user has concealed the external pump, the user must partially 
undress or carefully maneuver the external pump to a 
location that permits access to the display and keypad. 

[0005] A further draWback is the inability to limit the 
access of the user to certain capabilities. For instance, the 
user should have access to the keypad so that the user can 
change the values and parameters of daily pump operation. 
HoWever, there may be certain parameters that the user 
should not have access to. This can be especially important, 
When the pump is being used by children or the elderly. 
HoWever, if access is very limited, a user may even have to 
go to the factory and/or to the physician to have the 
parameters changed. 

Aug. 8, 2002 

[0006] Another draWback for diabetic pump users, in 
particular, is the determination of the amount of bolus 
insulin to be delivered for a meal so as to avoid high blood 
sugars that Would otherWise be caused by the meal. This can 
be a dif?cult calculation using formulas and approximations 
that have several variables that must be measured and 
calculated. Often, it is easier, but not the best for control, for 
the user to simply guess What they need rather than to 
calculate the actual amount of the bolus needed to 
adequately cover the carbohydrates being consumed. HoW 
ever, in Worse case scenarios, guessing can lead to under or 
overdosing of medication, sometimes With dire conse 
quences. 

[0007] Another draWback to using an infusion pump, is 
the step of priming the external infusion pump to remove gas 
bubbles in the reservoir and/or tubing. The user must ?rst 
manually shake the reservoir to move any bubbles to the 
distal end of the reservoir. Then the user must carefully expel 
the bubbles through the tubing. HoWever, unless all bubbles 
are moved to the distal end of the reservoir, the user Will 
have to expel a larger amount of medication, Which can be 
Wasteful, and very costly for special types of medications, 
such as those used in HIV and cancer treatment. Improved 
methods of priming the external infusion pump are needed. 

SUMMARY OF THE DISCLOSURE 

[0008] It is an object of an embodiment of the present 
invention to provide an improved external infusion device, 
Which obviates for practical purposes, the above mentioned 
limitations. 

[0009] According to an embodiment of the invention, an 
external infusion device for infusion of a liquid into a body 
includes a housing, a receiver, a processor and indication 
device. The receiver is coupled to the housing for receiving 
remotely generated commands. The processor is coupled to 
the housing and the receiver to receive remotely generated 
commands and to control the external infusion device in 
accordance With the conunands. The indication device indi 
cates When a command has been received and indicates 
When the command is being utiliZed to control the external 
infusion device. In this Way, the external infusion device can 
be operated When concealed from vieW by being remotely 
commanded. 

[0010] Further embodiments include a memory for storing 
programs, and the receiver is capable of receiving softWare 
updates and facilitating remote programming of external 
infusion device capabilities. In addition, the memory may 
store patient infusion history and pump activity. Also, the 
remotely generated commands may be capable of program 
ming and activating an audio (or vibratory) bolus delivery of 
the liquid by the external infusion device, a temporary basal 
rate delivery of the liquid by the external infusion device, of 
suspending delivery of the liquid by the external infusion 
device, an extended bolus (such as a square Wave bolus or 
pro?led bolus) delivery of the liquid by the external infusion 
device, and a dual Wave bolus delivery of the liquid by the 
external infusion device. 

[0011] In particular embodiments, an infusion system for 
infusing a liquid into a body includes an external infusion 
device and a remote commander. The external infusion 
device includes a housing, a receiver, a processor and an 
indication device. The receiver is coupled to the housing for 
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receiving remotely generated commands. The processor is 
coupled to the housing and the receiver to receive remotely 
generated commands to control the external infusion device 
in accordance With the commands. The indication device 
indicates When a command has been received and indicates 
When the command is being utiliZed to control the external 
infusion device so that the external infusion device is 
capable of being concealed from vieW When being remotely 
commanded. The remote commander includes a commander 
housing, a keypad for transmitting commands, and a trans 
mitter for transmitting commands to the receiver of the 
external infusion device. 

[0012] In particular embodiments, the remote commander 
is siZed to ?t on a key ring. Also, the remote commander may 
use RF frequencies, optical frequencies, IR frequencies, 
ultrasonic frequencies, magnetic effects, or the like, to 
transmit remote commands to the external infusion device. 
In addition, the remote commander is capable of providing 
remote commands at a distance greater than 1 inch. Further 
more, the processor of the external infusion device has a 
unique identi?cation code, and the remote commander 
includes the capability to read and learn the unique identi 
?cation code of the external infusion device. Alternatively, 
the user can program in the unique identi?cation code. The 
remote commander and the external infusion device use a 
unique identi?cation code to substantially avoid interference 
With other external infusion devices. 

[0013] In still other embodiments, the remote commander 
includes a mode that permits physician controlled program 
ming of speci?c capabilities of the external infusion device 
to the exclusion of the user, and the remote commander may 
also include a link to a computer to alloW programming to 
initiate or alter available capabilities of the external infusion 
device. Also, the external infusion device may include a 
memory for storing programs, and the receiver is capable of 
receiving softWare updates and facilitating remote program 
ming of external infusion device capabilities. In addition, the 
memory may store patient infusion history and pump activ 
ity. Finally, the remote commander may be capable of 
receiving data from another medical device and providing 
the received data to the external infusion device and/or 
remotely commanding and controlling another medical 
device. Other embodiments of the remote commander may 
also display the data. 

[0014] In further preferred embodiments, an external infu 
sion device for infusion of a liquid into a body includes a 
housing, a processor, a bolus estimator and an indication 
device. The bolus estimator used in conjunction With the 
processor and externally supplied values Will estimate an 
amount of liquid to be infused based upon an estimate of a 
material to be taken in by the body. The indication device is 
used to indicate When an amount of ?uid to be infused has 
been estimated. In addition, the bolus estimator includes the 
capability to estimate a correction bolus based upon a 
current characteristic value and a target characteristic value 
and/or a liquid sensitivity that is used to determine the 
amount of liquid to be infused so as to estimate the correc 
tion bolus. Further, embodiments of the bolus estimator 
include a lockout to prevent the calculation of a bolus for a 
predetermined period of time after a bolus has been esti 
mated by the bolus estimator. Other embodiments include a 
duration factor to account for hoW long a previously infused 
amount of liquid Will remain active in the body, and to adjust 
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the estimate accordingly. In preferred embodiments, the 
liquid to be infused is insulin, and the material to be taken 
in is carbohydrates. Also, codes representing the carbohy 
drate levels of speci?c foods or meals may be used as the 
externally supplied values. 
[0015] In yet another embodiment, an external infusion 
device for infusion of a liquid into a body includes a housing 
containing a reservoir, a processor and a vibration device. 
The processor is coupled to the housing. The vibration 
device is used in conjunction With the processor to provide 
an alarm, and to generate suf?cient vibration to assist in 
removing gas bubbles from the ?uid in the reservoir during 
priming of the external infusion device. In further embodi 
ments, the vibration device is used to agitate the ?uid in the 
reservoir in betWeen periodic deliveries of the ?uid by the 
external infusion device and/or during delivery of the ?uid 
by the external infusion device. 

[0016] In other embodiments, an external infusion device 
for infusion of a liquid into a body includes a housing 
containing a reservoir, a processor, an audible alarm and a 
vibration device. The processor is coupled to the housing, 
and the audible alarm. The vibration device is used in 
conjunction With the processor and the audible alarm to 
provide an alarm. In further embodiments, the vibration 
device is also used to agitate the ?uid in the reservoir in 
betWeen periodic deliveries of the ?uid by the external 
infusion device and/or during delivery of the ?uid by the 
external infusion device. In particular embodiments, the 
processor selects to activate one of the audible alarm and 
vibration alarm independently of the unselected alarm. 

[0017] In still yet another embodiment, an external infu 
sion device for infusion of a liquid into a body includes a 
housing, a processor, a keypad and an indication device. The 
processor is coupled to the housing, and the keypad is 
coupled to the housing and used in conjunction With the 
processor to determine an estimate of remaining battery 
poWer. The indication device indicates an estimate of 
remaining battery poWer. 
[0018] In still further embodiments, an external infusion 
device for infusion of a liquid into a body includes a 
housing, a processor, a memory, a keypad and an indication 
device. The processor is coupled to the housing, and the 
memory is coupled to and used in conjunction With the 
processor to store at least tWo personal delivery patterns. 
The keypad is also coupled to the housing and used in 
conjunction With the processor to select one of the at least 
tWo personal delivery patterns, and the indication device 
indicates the selected personal delivery pattern. In preferred 
embodiments, the processor controls the external infusion 
device in accordance With the selected one of the at least tWo 
personal delivery patterns. 
[0019] In further embodiments, an external infusion 
device for infusion of a liquid into a body includes a 
housing, a processor, a memory, a keypad and an indication 
device. The processor is coupled to the housing, and the 
memory is coupled to and used in conjunction With the 
processor to store at least tWo basal rate pro?les. The keypad 
is also coupled to the housing and used in conjunction With 
the processor to program the at least tWo basal rate pro?les, 
and the indication device indicates the basal rate pro?le 
during programming. In preferred embodiments, the proces 
sor controls the external infusion device in accordance With 
the programmed at least basal rate pro?les. 
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[0020] In yet further embodiments, an external infusion 
device for infusion of a liquid into a body includes a 
housing, a processor, a memory, a keypad and an indication 
device. The processor is coupled to the housing, and the 
memory is coupled to and used in conjunction With the 
processor to store at least tWo bolus types. The keypad is 
also coupled to the housing and used in conjunction With the 
processor to select one of the at least tWo bolus types, and 
the indication device indicates the selected bolus type. In 
preferred embodiments, the processor controls the external 
infusion device in accordance With the selected one of the at 
least tWo bolus types. 

[0021] In yet still further embodiments, an external infu 
sion device for infusion of a liquid into a body includes a 
housing, a receiver, processor, memory and an indication 
device. The receiver is coupled to the housing for receiving 
remotely generated commands. The processor is coupled to 
the housing and the memory device. The memory is used in 
conjunction With the processor to store at least tWo personal 
delivery patterns, and the processor is coupled to the 
receiver to receive the remotely generated commands and to 
control the external infusion device in accordance With the 
commands to select one of the at least tWo personal delivery 
patterns. The indication device is used to indicate the 
selected personal delivery pattern and When a command has 
been received to control the external infusion device in 
accordance With the selected personal delivery pattern such 
that the external infusion device is capable of being con 
cealed from vieW When being remotely commanded. Also, 
the processor controls the external infusion device in accor 
dance With the selected one of the at least tWo personal 
delivery patterns. 

[0022] Other features and advantages of the invention Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWings Which 
illustrate, by Way of example, various features of embodi 
ments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 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 ?gures. 

[0024] FIG. 1 is a simpli?ed block diagram of an external 
infusion device and system in accordance With an embodi 
ment of the present invention. 

[0025] FIG. 2 is a perspective vieW of an external infusion 
device and system in accordance With an embodiment of the 
present invention. 

[0026] FIG. 3 is a top perspective vieW of an RF pro 
grammer in accordance With an embodiment of the present 
invention. 

[0027] FIG. 4 is a top perspective vieW of a remote 
commander in accordance With another embodiment of the 
present invention. 

[0028] FIG. 5 is a front plan vieW of an LCD display for 
use in an embodiment of the present invention. 

[0029] FIG. 6 is a table of Setup II options used on 
external infusion devices in accordance With embodiments 
of the present invention. 
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[0030] FIG. 7 is a How diagram illustrating the steps used 
to set a bolus With and Without the carbohydrate estimator in 
accordance With embodiments of the present invention. 

[0031] FIGS. 8(a) and 8(b) are How diagrams illustrating 
the steps used to access the features of the setup II menu 
options shoWn in FIG. 6. 

[0032] FIG. 9 is a table of the main menu options used on 
external infusion devices in accordance With embodiments 
of the present invention. 

[0033] FIG. 10 is a table of Setup I menu options used on 
external infusion devices in accordance With embodiments 
of the present invention. 

[0034] FIG. 11 is a How diagram illustrating the steps used 
to access the main menu options shoWn in FIG. 9. 

[0035] FIG. 12 is a How diagram illustrating the steps 
used to access the features of the setup I menu options 
shoWn in FIG. 10. 

[0036] FIG. 13 is a graph shoWing units delivered versus 
expected days of operation on a set of batteries. 

[0037] FIG. 14 is a chart illustrating factory default set 
ting used by embodiments of the present invention. 

[0038] FIG. 15 is a simpli?ed diagram of an external 
infusion device and system in accordance With another 
embodiment of the present invention. 

[0039] FIG. 16 is a simpli?ed block diagram of an exter 
nal infusion device and system in accordance With still 
another embodiment of the present invention. 

[0040] FIG. 17 is a simpli?ed block diagram of an exter 
nal infusion device and system in accordance With yet 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] As shoWn in the draWings for purposes of illustra 
tion, the invention is embodied in an external infusion 
device for infusion of a liquid, such as medication, chemi 
cals, enZymes, antigens, hormones, vitamins or the like, into 
a body of a user. In preferred embodiments of the present 
invention, the external infusion device is an external infu 
sion pump, Which includes an RF programming capability, 
a carbohydrate (or bolus) estimation capability and/or vibra 
tion alarm capability. Particular embodiments are directed 
toWards use in humans; hoWever, in alternative embodi 
ments, the external infusion devices may be used in animals. 

[0042] As illustrated in FIG. 1, preferred embodiments of 
the external infusion device 10 include a remote RE pro 
grammer 12, a carbohydrate (or bolus) estimator 14 and/or 
a vibration alarm 16. The RF programmer 12 and carbohy 
drate estimator 14 communicate With a processor 18 con 
tained in a housing 20 of the external infusion device 10. The 
processor 18 is used to run programs and control the external 
infusion device 10, and is connected to an internal memory 
device 22 that stores programs, historical data, user de?ned 
information and parameters. In preferred embodiments, the 
memory device is a Flash memory and SRAM; hoWever, in 
alternative embodiments, the memory device 22 may 
include other memory storage devices such as ROM, 
DRAM, RAM, EPROM, dynamic storage such as other 
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?ash memory, energy ef?cient hard-drive, or the like. In 
preferred embodiments, the external infusion device 10 is an 
external infusion pump that is programmed through a key 
pad 24 on the housing 20 or by commands received from the 
RF programmer 12 through a transmitter/receiver 26. Feed 
back from the external infusion device 10 on status or 
programming changes are displayed on an LCD 28 and/or 
audibly through a speaker 30. In alternative embodiments, 
the keypad 24 may be omitted and the LCD 28 may be used 
as a touch screen input device or the keypad 24 may utiliZe 
more keys or different key arrangements then those illus 
trated in the ?gures. The processor 18 is also coupled to a 
drive mechanism 32 that is connected to a ?uid reservoir 34 
containing ?uid that is expelled through an outlet 36 in the 
reservoir 34 and housing 20, and then into a body of a user 
through tubing and a set 38. In further alternative embodi 
ments, the keypad 24, LCD 20, speaker 24 may be omitted 
from the external infusion device, and all programming and 
data transfer is handled through the RF programmer 12. 

[0043] Generally, as shoWn in FIG. 2, preferred embodi 
ments of the external infusion device 10 are an external 
insulin pump having the capability to deliver 0 to 35 
Units/hour in basal rates and up to 25.0 Units per meal bolus 
of U-100 Insulin. In alternative embodiments, the external 
pump delivers other concentrations of insulin, or other 
liquids, and may use other limits on the delivery rate. 

[0044] The external infusion device 10 Will also give the 
user the choice of an audible alarm and/or vibration alarm 16 
such as of a Warning that is indicative of a loW reservoir 
situation or loW battery or some malfunction of the system, 
such as an occlusion of the outlet that restricts the delivery 
of the ?uid. Alarms may start out at a loW level and escalate 
until acknoWledged by the user. In further embodiments, 
both an audible alarm and a vibration alarm may be given at 
the same time. 

[0045] As shoWn in FIG. 5, embodiments of the external 
infusion device 10 Will utiliZe a segmented screen LCD 28 
that offers multiple-language capability in approximately 6 
languages. HoWever, alternative embodiments may include 
larger or smaller language capabilities. Further alternative 
embodiments, may utiliZe an LCD that uses a dot matrix, 
active matrix, or the like. Ascratch resistant WindoW may be 
utiliZed to provide improved durability, better vieWing and 
less glare. 

[0046] Several programming options Will be available in 
the external infusion device 10, and Will include at least tWo 
customiZed basal pro?les, a carbohydrate (or bolus) estima 
tor 14 and an alarm clock, as Well as remote and on-device 
programming. Additionally, a physician/educator Will be 
able to con?gure the external infusion device 10 through a 
Communications Station (Communication-Station—shoWn 
in FIG. 15) to provide or restrict access to certain program 
ming options. Particular embodiments of the external infu 
sion device 10 Will also doWnload stored information 
through the Communication-Station. Further description of 
a Communication Station of this general type is be found in 
US. Pat. No. 5,376,070 to Purvis et al., entitled DATA 
TRANSFER SYSTEM FOR AN INFUSION PUMP, Which 
is herein incorporated by reference. This information can be 
used alone or combined With information from a Glucose 
Meter and/or a Glucose Sensor (not shoWn) to assist the user 
and/or the health care professional in making intelligent 
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therapy decisions. Moreover, the information, programs and 
data may be doWnloaded to a remote or local PC, laptop, 
Communication-Station, or the like, for analysis and revieW 
by a MiniMed or a trained health care professional through 
the transmitter/receiver 26. The data may also be doWn 
loaded through a Communication-Station 8 to a remotely 
located computer 6 such as a PC, laptop, or the like, over 
communication lines 7, by modem or Wireless connection, 
as shoWn in FIG. 15. 

[0047] The external infusion device 10 Will also have 
additional memory capacity to alloW con?guring of the 
display during manufacturing to display information in 
several different foreign languages, and alloW for future 
upgrades and revisions Without the requirement of a hard 
Ware change. For example, a PC program Will enable 
manufacturing to select the language for the pump. Lan 
guages are contingent upon available space, but Will include 
English, French, Spanish, Italian, Dutch, SWedish and Ger 
man. In alternative embodiments, other languages Will be 
determined based upon space availability. 

[0048] RF Programmer 

[0049] The remote RF programmer 12 (or remote com 
mander) Will enable the user to perform basic external 
infusion device 10 programming steps Without accessing the 
keyboard 24 on the external infusion device 10 or looking at 
the LCD (Liquid Crystal Display) 28 screen. This Will 
bene?t visually impaired users of the external infusion 
device 10, since the remote RF programmer 12 Will give 
them ready access to the most commonly used operations of 
the external infusion device 10, and Will obviate the need for 
visual feedback. Of particular importance to the sight 
impaired Will be the auditory feedback (and/or vibration 
feedback as discussed beloW) that the external infusion 
device 10 Will provide. The instructions from the RF pro 
grammer 12 Will be con?rmed by a series of audible beeps 
(or if requested by programming, vibration) from the exter 
nal infusion device 10. In alternative embodiments, the RF 
programmer 12 may include a receiver and provide an audio 
(or vibration) indication that the commands have been 
received and acknoWledged by the external infusion device 
10. In further embodiments, the keypad 102 on the remote 
RF programmer 12 Will have the letters de?ning the capa 
bility of the key encoded in Braille, and the ridges that orient 
the user to the keypad 102 Will be quite pronounced to assist 
in guiding the user to the proper function key. Other embodi 
ments may utiliZe keys that have different siZes or shapes to 
further enhance the ability for users to identify the correct 
buttons to activate the various features and functions. 

[0050] A remote RF programmer 12 Will provide conve 
nience and discretion for the user of the external infusion 
device 10 by alloWing concealment of the external infusion 
device 10 under clothes, in pouches, or the like. Preferably, 
the RF programmer 12 is an optional accessory item on the 
external infusion device 10, and the external infusion device 
10 Will be fully functional Without the use of the RF 
programmer 12. HoWever, in alternative embodiments, the 
keypad 24 in the external infusion device 10 may be omitted 
and all programming Would be handled by a local or remote 
PC, laptop, Communication-Station, RF programmer or the 
like. In preferred embodiments, the RF programmer 12 Will 
also provide the user With the ability to perform the folloW 
ing functions: deliver a bolus, suspend/restart the external 
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infusion device, and set and cancel a temporary basal rate. 
However, in alternative embodiments, the RF programmer 
may include still additional capabilities such as data transfer 
(e. g., external infusion device history data or data from other 
medical devices), updates to softWare and programming, or 
the like. In preferred embodiments, the data transfer capa 
bilities betWeen the RF programmer 12 and the transmitter/ 
receiver 26 of the external infusion devicel 0 are tWo-Way. 
In alternative embodiments, the data transfer from the RF 
programmer 12 to the external infusion device 10 is one 
Way, such that the RF programmer 12 does not receive 
transmissions from the external infusion device 10. In fur 
ther embodiments, the RF programmer acts as a relay, or 
shuttle, for data transmission betWeen the external infusion 
device 10 and a PC, laptop, Communication-station, or the 
like. 

[0051] In addition, as shoWn in FIG. 16, a relay or 
repeater 4 may be used With an external infusion device 10 
and an RF programmer 12 to increase the distance from 
Which the RF programmer 12 can be used With the external 
infusion device 10. For example, the relay could be used to 
provide information to parents of children using the external 
infusion device 10 and alloW them to program the external 
infusion device 10 from a distance With the RF programmer 
12. The information could be used When children are in 
another room during sleep or doing activities in a location 
remote from the parents. In further embodiments, the relay 
4 can include the capability to sound an alarm. In addition, 
the relay 4 may be capable of providing external infusion 
device 10 information to a remotely located individual via a 
modem connected to the relay 4 for display on a monitor, 
pager or the like. In a still further embodiment of the present 
invention, the external infusion device 10 is capable of being 
programmed by multiple RF programmers 12, as shoWn in 
FIG. 17. For instance, each RF programmer 12 Would learn 
(or be programmed With) the unique code (discussed beloW) 
of the external infusion device 10. This Would be useful for 
users that desired to have multiple RF programmers 12, such 
as at home, of?ce and/or school or needed a replacement for 
an RF programmer that Was lost. 

[0052] In preferred embodiments, the RF programmer 12 
is similar in appearance to the type of remote that is used to 
lock and unlock car doors. It Will have four (4) keys on a 
keypad 102 on a housing 104, Which Will be laid out in a 
square grid pattern, similar in appearance and layout to the 
keypad 24 on the external infusion device 10, as shoWn in 
FIGS. 2 and 3. In alternative embodiments, feWer keys may 
be used to simplify the RF programmer 12 (see FIG. 15), 
reduce manufacturing costs and/or to reduce the number of 
program capabilities available (such as Suspend (S), bolus 
(B), or the like). Preferably, the RF programmer 12 should 
include a ring 106 that ?ts on a key ring to lessen the 
likelihood that it might be lost. It should also have a “quick 
release” feature to alloW the user to disconnect it from the 
key ring. Preferably, the RF programmer 12 is less than 1 
cubic inch in volume; although larger or smaller volumes 
may be used. Preferred embodiments utiliZe RF frequencies; 
hoWever, alternative embodiments, may use optical, infrared 
(IR), ultrasonic frequencies, magnetic effects, or the like, to 
communicate With the external infusion device 10. 

[0053] Alternative embodiments of the RF programmer 
(controller or commander) 12‘, as shoWn in FIG. 4, may 
have more complex keypad arrangements 152, and may 
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include a display device 150, such as an LCD, LED, plasma 
screen, or the like, to assist in programming the external 
infusion device 10. Further alternatives may include a 
microphone (not shoWn) and related circuitry to alloW voice 
activated control of the external infusion device. In further 
alternative embodiments, the RF programmer 12‘ may be 
formed in larger siZes, comparable to a TV controller or a 
pocket calculator, and may include a display to facilitate 
more complicated or easier programming. Still further 
embodiments, may include the ability to receive data and 
information from the external infusion device 10 and/or a 
glucose monitoring device, and the ability to relay the 
information to another medical device, external infusion 
device 10, glucose monitor device, PC, laptop, Communi 
cation-Station, or the like. Data transmission may be to other 
devices or include the capability to receive data or instruc 
tions. An RF activation capability may be included in 
addition to the programming capability. 

[0054] Each RE programmer 12 Will include the capability 
to “learn” the unique code of the external infusion device 10 
for Which it is intended to be used. In one embodiment, the 
user Will perform the folloWing steps to learn the unique 
code: 1) remove the battery from the RF programmer 12; 2) 
Wait a feW seconds and then replace the battery in the battery 
compartment; 3) press and hold the ACT key 110 on the 
remote keypad 102 (preferably, the remote Will con?rm that 
it has been activated With a long audible beep); and then the 
remote is held Within approximately 12“ to 18“ (alterna 
tively larger or smaller distances may be used) of the 
external infusion device 10 to receive the unique code from 
the transmitter/receiver 26 of the external infusion device 
10. The RF programmer 12 Will con?rm successful learning 
of the unique code With audible beeps and/or vibration from 
the external infusion device 10 and/or RF programmer 12. In 
alternative embodiments, the user may manually enter or 
scan in the unique code identifying the RF programmer. In 
further alternative embodiments, the RF programmer 12 
may also transmit a unique identi?cation code that uniquely 
identi?es the RF programmer 12 to the external infusion 
device 10 so that the external infusion device 10 Will only 
accept commands from a particular RF programmer 12. In 
other embodiments, the unique code includes the serial 
number of the device to prevent confusion With other 
devices. In particular embodiments, the RF programmer 12 
transmits commands to the infusion device 10, but does not 
include a receiver to receive back data from the infusion 
device 10. In this embodiment, the infusion device 10 
includes the ability to store 3 unique codes to permit the 
infusion device 10 to be programmed by up to 3 different RF 
programmers 12. In other embodiments, the infusion device 
10 may include more or less storage locations to permit 
programming of the infusion device 10 With a corresponding 
more or less number of RF programmers 12. 

[0055] In preferred embodiments, the external infusion 
device 10 includes a receiver to receive the commands from 
the RF programmer 12. Normally, the receiver is in a 
standby mode (e.g., not receiving) and becomes active for 
short periods every 2.5 seconds (approximately) to see if 
there is any RF activity from the RF programmer 12. In 
alternative embodiments, the receiver of the external infu 
sion device 10 may be on continuously or may become 
active more often or less often, With the selection being 
dependent on poWer capacity, expected frequency of use of 
the RF programmer 12, or the like. Generally, the receiver 
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of the external infusion device 10 requires that the RF 
programmer send an activating message for a period lasting 
about 5 seconds for the RF programmer to be recogniZed by 
the receiver. In alternative embodiments, longer or shorter 
periods of time for sending the activating message may be 
used. 

[0056] Once the receiver recogniZes that there is a valid 
RF programmer 12 sending a message to the external 
infusion device 10 (i.e., With this device 10’s unique code), 
the receiver Will remain in an active mode until a complete 
sequence of commands has been received, or until the 
receiver times out due to a lack of RF communications from 
the RF programmer 12. Preferably, upon recognition of a 
valid RF programmer 12 trying to communicate With the 
receiver, the external infusion device 10 Will activate its 
audio beeper (or its vibrator or the like) to let the user knoW 
that the external infusion device 10 has been activated by the 
RF programmer 12. Typically, the receiver of the infusion 
device 10 expects to receive a message With a valid pre 
amble and message type, a recogniZed unique code, a valid 
function code (e.g., activate, bolus, suspend, or the like), an 
appropriate message count used by the receiver for reduction 
of RF interference problems, and a valid CRC on the 
transmitted message to ensure message integrity. Alternative 
embodiments, may include different message contents or 
components. 

[0057] In operation, as discussed above, the RF program 
mer 12 may be used to program several capabilities, such as 
an audio (or vibration) bolus, a suspension of external 
infusion device operation, a temporary basal rate, an 
extended bolus (such as square Wave, ramp, triangular or the 
like) or dual Wave bolus. In addition, the user may program 
a pro?led bolus that uniquely matches the needs of the 
individual user (for instance it may contain square, ramp, 
pulse or curved portions that make up the pro?le to be 
delivered over a period of time). It should be noted that the 
capabilities may also be directly programmed on the exter 
nal infusion device 10 using the same sequence on the 
keypad of the external infusion device 10. The folloWing are 
examples of hoW the various capabilities can be pro 
grammed using the keypad 102 on the RF programmer 12 
(or similarly With the keypad 24 on the external infusion 
device 10). 

EXAMPLE I 

RF programmed Audio bolus 

[0058] To deliver an audio bolus With the RF programmer 
12, the user Will press the “B” or Up arroW key (A) 108 in 
the upper right hand corner of the RF programmer 12 keypad 
102. Each time the Up arroW key (A) 108 is pushed the 
amount of the audio bolus Will increment in either 0.5 units 
or 1.0 units (depending on What the user programmed as the 
incremental step on the “audio” screen of the Set-up 1 
menu—alternative embodiments may use other increments). 
In these examples, units are an increment of insulin. HoW 
ever, alternative embodiments, may de?ne units to be any 
?uid volume, such as micro-liters, ccs, or the like, With the 
volume being dependent on the type of ?uid to be infused. 
If the user exceeds the desired setting he can Wait for an error 
signal, such as a “raspberry” type sound, buZZing, vibration, 
or the like, and then press the Up arroW key (A) 108 on the 
RF programmer 12 to begin the process again. 
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[0059] When the desired audio bolus amount is pro 
grammed, the user presses the “activate” or ACT key 110 in 
the loWer left corner of the keypad 102 on the RF program 
mer 12. The external infusion device 10 Will then con?rm 
the audio bolus amount With a series of audible beeps. In 
alternative embodiments, vibration may be used instead of 
or in addition to audible beeps. To deliver the audio bolus, 
the user Will then press the ACT key 110 again to start 
delivery of the bolus. Alternatively, the external infusion 
device 10 may provide an audible indication by speech. In 
further alternative embodiments, the RF programmer 12‘ 
Will have a display 150 and Will provide a visual con?rma 
tion With or Without an audio con?rmation. 

[0060] Counting the bolus increments Will be facilitated 
by varying the audio tones for beeps that accompany the Up 
arroW key (A) 108 presses. Four notes belonging to a 
musical chord Will be used in repeating sequence as the Up 
arroW key (A) 108 is repeatedly pressed to select a desired 
bolus amount. In alternative embodiments, more or feWer 
notes (and/or vibration) may be used. For example, if 0.5U 
(U-100) is the bolus increment, the ?rst key press of the Up 
arroW key (A) 108 Will set the external infusion device 10 
and LCD 28 to 0.5 U, and it Will be accompanied by the ?rst 
note in a chord. The second key press of the Up arroW key 
(A) 108 Will increment the external infusion device and the 
LCD 28 to 1.0 U, and it Will be accompanied by the second 
note in the chord. The third key press of the Up arroW key 
(A) 108 Will increment the external infusion device 10 and 
LCD 28 to 1.5 U, and it Will be accompanied by the third 
note in the chord. The fourth key press of the Up arroW key 
(A) 108 Will increment the external infusion device 10 and 
the LCD 28 to 2.0 U, and it Will also be accompanied by the 
fourth note in the chord. On the ?fth key press of the Up 
arroW key (A) 108, the displayed bolus amount Will be 
incremented again and the audio sequence Will repeat in the 
same manner as just described. 

[0061] When the desired bolus amount is displayed and/or 
sounded, the user continues by pressing the ACT key 110. 
The external infusion device 10 Will play back the beep 
sequence generated during the bolus amount selection. The 
bolus delivery Will commence after the user con?rms the 
bolus amount selection by pressing the ACT key 110 once 
again. To cancel this bolus before it starts, the user may 
either alloW the external infusion device 10 to time out and 
return to the time display or press the DoWn arroW key (A) 
112. Either of these Will be accompanied by a “raspberry” 
type beep (and/or vibration) indicating the bolus has been 
cleared. Preferably, a standard time-out delay of 15 seconds 
applies to all keypresses involved during the bolus amount 
selection, but other time periods may be used. 

[0062] Preferably, a BOLUS element, the Word DELIV 
ERY, and the updated amount delivered Will be displayed on 
the LCD 28 While delivery is in progress. The external 
infusion device 10 Will beep once at the end of the dose. In 
alternative embodiments, audible indications may be pro 
vided, such as beeps, chords, speech, or the like, and/or 
vibration. 

EXAMPLE II 

RF Programmed Suspension of External Infusion 
Device Operation 

[0063] To temporarily suspend the operation of the exter 
nal infusion device 10, the user Will press the “select” or 
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SEL key 114 in the upper left hand corner of the keypad 102 
of the remote RF programmer 12, and then press the ACT 
key 110. The external infusion device 10 Will con?rm that it 
is in suspend mode With three (3) audible beeps (although 
different numbers of beeps and/or vibration may be used). In 
preferred embodiments, When the external infusion device 
10 is in suspend mode, the LCD 28 Will shoW “-S-”. the 
Word “STOPPED”, and the time that the external infusion 
device 10 Was placed in the suspend mode. When in the 
suspend mode, there is no drug delivery (either basal rate, or 
meal boluses). Preferably, the external infusion device 10 
Will beep an alert tone (and/or vibrate) every half hour to 
indicate that delivery has stopped. In alternative embodi 
ments, other time periods may be used, or the alert tone may 
be omitted. 

[0064] To restart the external infusion device 10, the user 
Will again press the SEL key 114 and then presses the ACT 
key 110. The external infusion device 10 Will beep once 
(and/or vibrate) to con?rm the restart and then resume 
normal basal delivery and infusion device 10 operation. 
Alternatively, the external infusion device 10 may provide 
an audible indication by speech. In further alternative 
embodiments, the RF programmer 12‘ Will have a display 
150 and Will provide a visual con?rmation of the status of 
the external infusion device 10, With or Without an audio 
con?rmation. 

EXAMPLE III 

RF Programmed Temporary Basal Rate 

[0065] A temporary basal rate, or basal override rate, is a 
rate that is delivered in lieu of a programmed, user de?ned 
pro?le segment rate that is generally delivered during this 
time period. The temporary basal rate is programmed With a 
rate and a duration. 

[0066] To set a temporary basal rate, the user Will press the 
“T” or DoWn arroW key (A) 112 in the loWer right hand 
corner of the keypad 102 on the RF programmer 12. Each 
press of the DoWn arroW key (A) 112 Will increment the 
duration of the temporary basal rate by 30 minutes. Counting 
the temporary basal rate duration increments Will be facili 
tated by varying the audio tones for beeps that accompany 
the DoWn arroW key (A) 112 presses. Four notes belonging 
to a musical chord Will be used in repeating sequence as 
DoWn arroW key (A) 112 is repeatedly pressed to select a 
desired duration of the basal rate. In alternative embodi 
ments, more or feWer notes (and/or vibration) may be used. 
The temporary basal duration may be programmed from 30 
minutes to 24 hours in half-hour increments. In alternative 
embodiments, other time periods may be used. In preferred 
embodiments, the tone of the beeps for a temporary basal 
rate may be distinctly different from a tone for incrementing 
a bolus. In alternative embodiments, different vibration may 
be used instead or in addition to the different audible beeps. 
If the user exceeds the desired setting, they can Wait for an 
error signal, such as a “raspberry”, buZZing, vibration, or the 
like, and then press the DoWn arroW (A) 112 to begin the 
process again. 

[0067] When the desired temporary basal rate duration has 
been set, the user Will press the ACT key 110. The external 
infusion device 10 Will con?rm the duration of the tempo 
rary bolus rate With a series of audible beeps (and/or 
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vibration). The user Will then press the ACT key 110 again 
to con?rm and accept the duration of the temporary basal 
rate. If the ACT key 110 is not pushed to con?rm the amount, 
the external infusion device 10 Will emit an audible error 
signal such as a “raspberry”, buZZing, vibration, or the like. 
Alternatively, the external infusion device 10 may provide 
an audible indication by speech. In further alternative 
embodiments, the RF programmer 12‘ Will have a display 
150 and Will provide visual con?rmation of the temporary 
basal rate duration, With or Without an audio con?rmation. 

[0068] To set the amount of the temporary basal rate, the 
user Will press the DoWn arroW key (A) 112 again. Each 
press of the DoWn arroW key (A) 112 Will increment the 
amount of the temporary basal by 0.1 units. Counting the 
amount temporary basal rate increments Will be facilitated 
by varying the audio tones for beeps that accompany the 
DoWn arroW key (A) 112 presses. Four notes belonging to 
a musical chord Will be used in repeating sequence as DoWn 
arroW key (A) 112 is repeatedly pressed to select a desired 
amount of the temporary basal rate. In alternative embodi 
ments, more or feWer notes (and/or vibration) may be used. 
In these examples, units are an increment of insulin. HoW 
ever, alternative embodiments may de?ne units to be any 
?uid volume, such as micro-liters, ccs, or the like, With the 
volume being dependent on the type of ?uid to be infused. 
The rate may be set to a value from 0.0 U to the maximum 
programmable value of the basal rate. In alternative embodi 
ments, different increments may be used. Preferably, the 
tone of these beeps (and/or vibration) Will be distinctly 
different than the tone (and/or vibration) for setting the 
duration of the temporary basal rate. Once the desired 
amount has been set, the user Will press the ACT key 110. 
The external infusion device 10 Will con?rm the amount of 
the temporary basal rate With a series of audible beeps 
(and/or vibration). The user Will then press the ACT key 110 
again to con?rm and accept the amount of the temporary 
basal rate. If the ACT key 110 is not pushed to con?rm the 
amount, the external infusion device 10 Will emit an audible 
error signal, such as “raspberry”, buZZing, vibration, or the 
like. Three short beeps (an/or vibration) every 30 minutes 
Will con?rm that the temporary basal rate is active. Alter 
natively, the external infusion device 10 may provide an 
audible indication by speech. In further alternative embodi 
ments, the RF programmer 12‘ Will have a display 150 and 
Will provide visual con?rmation of the temporary basal rate, 
With or Without an audio con?rmation. 

[0069] To cancel a programmed temporary basal rate at 
any time during its intended operation, and resume the 
normal programmed basal rate, the user presses the DoWn 
arroW key (A) 112 and then presses the SEL key 114 on the 
keypad 102 of the RF programmer 12. If a temporary basal 
rate had time remaining, the user Will hear a long beep 
(and/or vibrate) to con?rm that the temporary basal has been 
canceled. OtherWise, if no time Was remaining, the user 
hears an error signal such as a “raspberry”, buZZing, vibra 
tion, or the like, indicating that there Was no time remaining 
on the temporary basal rate. Alternatively, the external 
infusion device 10 may provide an audible indication by 
speech. In further alternative embodiments, the RF program 
mer 12‘ Will have a display 150 and Will provide visual 
con?rmation of the temporary basal rate, With or Without an 
audio con?rmation. 
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EXAMPLE IV 

RF Programmed Extended Bolus 

[0070] An extended bolus (such as a square Wave bolus, 
ramp bolus, triangular bolus, pro?led bolus or the like) is a 
bolus that is delivered over an extended period of time; 
rather, than all being delivered at once. To program an 
extended bolus With the RF programmer 12, the user Will 
need access to the display LCD 28 of the external infusion 
device or perform the programming in tWo separate steps. 
Alternatively, an RF programmer 12‘ having a built in 
display 150 may be used. 

[0071] To set an extended bolus, the user Will set the 
duration of the extended bolus in the same manner that they 
set the duration for a Temporary Basal Rate. This involves 
using the DoWn arroW key (A) 112 in the loWer right corner 
of the keypad of the RF programmer 12, in the same manner 
as described above. The user Will also select the type of 
extended bolus such as a square Wave bolus, ramp bolus, 
triangular bolus, pro?led bolus, or the like, to be delivered 
by previous selection of the type of extended bolus in the 
setup mode or by using an RF programmer in conjunction 
With a display. The remainder of the example demonstrates 
setting a square Wave bolus. 

[0072] When the ACT key 110 is pressed While a desired 
bolus amount is displayed, the bolus duration Will be dis 
played on the LCD 28. The default bolus duration can be 30, 
60 or 90 minutes, depending on the largest basal value of 
current setting and the desired bolus amount. The duration 
may be scrolled by using the Up arroW key (A) 108 and the 
DoWn arroW key (A) 112 on the keypad 102 of the RF 
programmer 12. Pressing the Up arroW key (A) 108 Will 
cause the duration to scroll in increments of 30 minutes up 
to 8 hours (the preferred maximum duration—although 
other durations or increments may be used), at Which point 
it Will Wrap around to minimum duration. Pressing the DoWn 
arroW key (A) 112 Will cause the duration to Wrap around to 
8 hours, then scroll doWn in increments of 30 minutes. In 
further embodiments, the use of the DoWn arroW (A) 112 
Will alWays stop at Zero to avoid a Wrap-around or require 
one or more additional depressions (possibly accompanied 
by a beep and/or vibration) to Warn a user that they are noW 
at the maximum value. Alternatively, the RF programmer 12‘ 
may include different additional keys (such as 152 in FIG. 
4) that can be used to implement the square Wave bolus, or 
a selectable menu on the RF programmer 12‘. 

[0073] Next, to set the amount of the square Wave bolus, 
the user Will press the Up arroW key (A) 108 in the upper 
right hand corner of the keypad 102 of the RF programmer 
12. Each depression Will enable incrementing the amount of 
the square Wave bolus in 0.1 unit increments; although other 
increments may be used. The external infusion device 10 
Will give a distinct auditory (and/or vibrating) con?rmation 
of the selected bolus amount. The square Wave Will not be 
implemented until the user presses the ACT key 110 to 
accept the selected amount. Preferably, the external infusion 
device 10 provides con?rmation by an audible beep (and/or 
vibration). Alternatively, the external infusion device 10 
may provide an audible indication by speech. In further 
alternative embodiments, the RF programmer 12‘ Will have 
a display 152 and Will provide visual con?rmation of the 
square Wave bolus, With or Without an audio con?rmation. 
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[0074] To enhance ?exibility, preferred embodiments of 
the external infusion device 10 Will enable the user to deliver 
a normal bolus during a programmed Square Wave. Once the 
normal bolus has been delivered, the square Wave Will 
resume operation until completed. 

EXAMPLE V 

RF Programmed Dual Wave Bolus 

[0075] A dual Wave bolus is a combination of a normal (or 
immediately given) bolus With a square Wave bolus. To 
program a dual Wave bolus With the RF programmer 12, the 
user Will need access to the display LCD 28 of the external 
infusion device or perform the programming in tWo separate 
steps. Alternatively, an RF programmer 12‘ having a built in 
display 150 may be used. 

[0076] To set a dual Wave bolus, the user Will press the 
ACT key 110 on the bolus history screen. The Word “NOR 
MAL” Will start to blink on the LCD 28 and/or provide an 
audible (and/or vibration) indication. The user can press the 
Up arroW key (A) 108 or DoWn arroW key (A) 112 to choose 
the type of bolus desired. By pressing the ACT key 110, 
While the LCD 28 of the external infusion device 10 blinks 
the Word “DUAL” (and/or provides an audible indication), 
a dual bolus is chosen. The LCD 28 of the external infusion 
device 10 Will shoW the Word “NOW” and/or the dashes for 
the normal bolus portion amount Will blink on the LCD 28 
(and/or an audible and/or vibration indication is provided). 
The user can then select a bolus amount for the “normal” 

bolus portion using the Up arroW key (A) 108 or DoWn 
arroW key (A) 112, and then press the ACT key 110. The 
LCD 28 of the external infusion device 10 Will shoW the 
Word “SQUARE” and/or the dashes for the bolus amount 
Will noW blink (and/or an audible and/or vibration indication 
is provided). The user can press the Up arroW key (A) 108 
or the DoWn arroW key (A) 112 to choose the desired square 
Wave bolus portion amount. When the ACT key 110 is 
pressed, While a desired square Wave bolus portion amount 
is displayed on the LCD 28, the square Wave bolus portion 
duration Will be then displayed (and/or an audible and/or 
vibration indication is provided). The user can then select 
the desired square Wave bolus portion duration from 30 
minutes to 8 hours (although other increments or duration’s 
may be used). After the ACT key 110 is pressed for the 
desired square Wave bolus portion duration, the external 
infusion device 10 Will start delivering the normal bolus 
portion ?rst. The square Wave bolus portion Will then start 
right after the end of the normal bolus portion. The Word 
“BOLUS” and the amount of the bolus that has been 
delivered so far Will be displayed on the LCD 28 (and/or an 
audible and/or vibration indication Will be provided). When 
the dual bolus is ?nished, the external infusion device 10 
Will beep (and/or vibrate) and display the amount of the 
bolus delivered for 5 seconds, then return to the normal time 
display. Alternatively, the external infusion device 10 may 
provide an audible indication by speech. In further alterna 
tive embodiments, the RF programmer 12‘ Will have a 
display 150 and Will provide visual con?rmation of the 
square Wave bolus, With or Without an audio con?rmation. 

[0077] Other programming, commands, or data transfer 
may be accomplished by the RF programmer 12 (or remote 
commander), and the RF programmer 12 (or remote com 
mander) should not be limited to the above-described 
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