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recelving remotely generated commands. The processor is coupled to the housing and the recelver to receive remotely generated
commands and to control the external infusion device In accordance with the commands. The indication device indicates when a
command has been recelved and indicates when the command Is being utillized 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 receliver
of the external infusion device.
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ABSTRACT OF THE DISCLOSURE

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 mndication device. The receiver i1s coupled to the housing and
for recelving 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 1n accordance with the commmands. The indication device indicates when a

command has been received and indicates when the command 1s beimng 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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JILE
External Infusion Device With Remote Programmming, Bolus Estimator And/Or

Vibration Alarm Capabilities

FIELD OF I N

This mnvention relates fo externzal infusion devices and, in particular embodiments,
to 2 medication infusion device that inclndes the capability to be remotely controlled, 2
bolus estimator to determine the dosage to be adminisiered by the infizsion device, and 2

vibraaon alamm.

BACKGROUND OF THE INVENTION

Insuhn must be provided to people with Type I and many with Type I 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
aelivening 1msulin for diabefics nsing devices worn on a belt, in a2 pocket, or the like, with
the msubn delivered via a catheter with a percutaneous needle or cannula placed in the
subcutaneons tissue. For example, as of 1995, less than 5% of Typé:i dizbetics in the
United States were using pump therapy. There zre now zbout 7% of the currently over
200,000 Type I diabetes in the U.S. using mszmn pumnp thegapy, and the percentage is
now growing at an absolute rate of over 2% sach year. Moreover, the number of Type ]
dizbetics is growing at 3% or more per year. In addition, groméné nurnbers of msulm
using Type II diabetics are also using external insutin infusion pumps. Physicians have
recogmzead that continnous infusion provi des greater confrol of 2 diabatic’s condition, and
are also mereasingly prescribing it for patients. In addition, medication pump therapy is
becoming more important for the treztment and control of other medical conditions, such

as pulmonary hypertension, HIV and cancer. Although offering contrel, pump therapy can

suffer rom several complications that make use of 2 pump less desirable for the user.
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One drawback is the inability to conceal an external miusion 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 1s mnconvenient or imprachcal,
especially for diseases such as diabetes, since a user niust bave ready access to the external
pump for monitoring or administering extra amounts of medication (1.€., boluses during
the course of the day). If a user has concezled 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.

A further drawback 1s the mability to limit the access of the nser 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 elderty. However, 1if access 1s very himited, a

pser may even have to go to the factory and/or to the physician to have the parameters
changed.

Another drawback for diabefic pump users, in particular, 1s 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 cansed by the meal. This can be a difficult calculation using formulas
and approximations that have several vanables 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. However, In wWorse case scenarios, puessimng can lead to
under or overdosing of medication, sometimes with dire consequences.

Another drawback to using an infusion pump, 1s the step of priming the external

infusion pump to remove gas bubbles in the reservoir and/or tubing. The user must first

manually shake the reservoir to move any bubbles to the distal end of the reservorr. 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 pnnming the external

infusion pump are needed.
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SUMMARY OF THE DISCLOSURE

It is an object of an embodiment of the present mvention to provide an improved
external infusion device, which obwviates for practical purposes, the above mentioned
limitations.

According to an embodiment of the mmvention, an exiernal miusion device ior
infuision of a Hguid into a body includes 2 housing, a recerver, a processor and indication

device. The receiver is coupled to the housmg for receiving remotely generated

commands. The processor is coupled to the housing and the receiver to recerve remotely
generated commands and to control the external infnsion device 1n accordance with the
commands. The indication device mdicates when a command has been received and

indicates when the command is being utihized to control the external mmfusion device. In

this way, the external infusion device can be operated when concealed rom view by being

emotely commanded.

Further embodiments mclade 2 memory for storing programes, and the receiver 1s

capable of recerving software updates and facilitating remote programming of external

infusion device capabilifies. In addition, the memory may store patient mnfusion history

and pump activity. Also, the remotely generated commands may be capable of

programming and activating an audio (or vibratory) bolus delivery of the hiqmd by the
external infusion device, a temporary basal rate delivery of the hiquid by the external

infusion device, of suspending delivery of the iguid by the external infusion device, an

extended bolus (such as a square wave bolus or profiled bolus) delivery of the hqud by

the externz] infusion device, and a dual wave bolus dehivery of the iquid by the external

mfusion device.

In particular embodiments, an infusion system for infusing a liquid into a body

mmcludes an external infusion device and a remote commander. The extemnal infusion

device includes a housing, a receiver, a processor and an mdication device. The receiver is

coupled to the housing for receiving remotely generated commands. The processor 1s

coupled to the housing and the receiver to receive remotely generated commands to

control the external infusion device in accordance with the commands. The mndication

device indicates when a cormmand has been received and mdicates when the command is

being utilized to control the external infusion device so that the external imfusion device 1s

capable of being concealed from view when being remotely commanded. The remote

commander mcludes a commander housing, a keypad for transmitting commands, and a
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transmitter for transmittiing commangds to the recerver of the external infasion device.

In particular embodiments, the remote commander 1s sized to fit on a key ring.
Also, the remote commander may use RF frequencies, optical ffeguencies, IR freguencies,
ultrasonic frequencies, magnetic effects, or the hke, to transmit remote commands to the
external infusion device. In addition, the remote commander 18 capable of providing
remote commands at a distance greater than 1 inch. Furthermore, the processor of the
external infusion device has a vmique 1dentification code, and the remote commander
includes the capability to read and learn the umque 1dentification code of the external
mfusion device. Alternatively, the user can program 1 the unigue 1dentification code.
The remote commander and the external mfusion device use a urigue 1dentification code
to substantially avoid interference with other external infusion devices.

In still other embodiments, the remote commander mcludes a mode that permits
physician controlied programming of specific capabilifies of the external infusion device
to the exchision of the user, and the remote commander may also include 2 Iink 1o a
computer to allow programming to initiate or alier available capabilihes of the external
infusion device. Also, the external infizsion device may include a memory for storing
nrograms, and the receiver 1s capable of recerving soitware updates and faciiitating remote

prograimming of external mfusion device capabilities. In addition, the memory may store

patient infusion history and pump activity. Finally, the remote commander may be

capable of receiving data rom 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.

In further preferred embodiments, an external infusion 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 externaily
supplied values will estimate an amount of liquid to be infused based upon an estimate of a
material to be taken 1n by the body. The 1ndication device 1s used to imndicate when an
amount of fluid to be infused has been esttmated. In addition, the belus estimator mcludes

the capability to estimate a correction bolus based upon a cuirent charactenstic value and a

target characteristic value and/or a hiquud sensitivity that is used to determine the amount
of liguid to be infused so as to estimate the correction 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 estimated by the bolus estimator. Other embodiments
4




10

20

D)
L

CA 02736596 2011-04-01

WO 00/10628 PCTUSDS/18977

include a duration factor to account for how long a previously infused amoumnt of hiquid
will remarn active m the body, and to adjust the estrmate accordingly. In preferred
embodiments, the liguid to be infused 1s msuhn, and the material to be taken m 15
carbohydrates. Also, codes representing the carbohydrate levels of specific foods or meals
may be used as the externzally supphed values.

In yet another embodiment, an extemnal infnsion device for mfusion of a hgmd nto
a body includes a housing containing a reservoir, a processor and a vibrzhon device. The
processor 1s coupled to the housing. The vibration device 1s used in conjunction with the |
processor to provide an alarm, and to generate sufiicient vibration £o assist in removing
gas bubbles from the flimd 1n the reservoir during priming of the external infusion device.
In further embodiments, the vibration device 1s used to agitate the fluid mn the reservoir in
between pentodic deliveries of the fluid by the external mfusion device and/or during
delivery of the flid by the external infusion device.

In other embodiments, an external infusion device for infusion of 2 hquid mto a
body includes a housing containing a reservoir, a processor, an audible alarm and a
vibration device. The processor 1s coupled to the housing, and the audible alarm. The
vibration device 1s used m conjunction with the processor and the andible alarm to provide
an alarm. In further embodiments, the vibration device is 2lso used to agitate the firid in
the reservoir in between peniodic delivernies of the flmd by the external infusion device
and/or during delivery of the fluid by the exiernal infusion device. In parficular
embodiments, the processor selects to activate one of the audible alarm and vibration

alarm mdependently of the unselected alarm.

In st1ll yet another embodiment, an external mnfosion device for mfusion of 2 liquid
into a body inchides a housing, a processor, a keypad and an indication device. The
processor 1s coupled to the housing, and the keypad 1s coupled to the housing and nsed in
conjunction with the processor to determine an estimate of remaining battery power. The
indication device indicates an estimate of remaining battery power.

In still further embodiments, an external mfusion device for infusion of a liguid
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 usad in

conjunction with the processor to store at least two personal delivery patterns. The keypad
15 also coupled to the housing and used m conjunction with the processor to select one of

the at least two personal delivery pattems, and the indication device indicates the selected
5
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personal delivery pattem. In preferred embodiments, the processor conirols the external

infusion device 1 accordance with the selected one of the at least two personal delivery

T

atierns.

| In further embodiments, an external imnfusion device for infusion of a Liguid into a
body inclndes a housing, a processor, 2 memory, 2 keypad and an indication device. The
processor 15 coupled to the housing, and the memory 1s coupled to and used in conjunction
with the processor to store at least two basal rate profiles. The keypad 1s also coupled to
the housing znd used m conjunchtion with the processor to program the at least two basal

rate profiles, and the indication device mdicates the basal rate profile during programming.

In preferred embodiments, the processor contfrols the external infinsion device in
accordance with the programmmed at least basal rate profiles.
In yet further embodiments, an external mmfusion device for mfusion of a hiquid into
a body mchides a housing, a processor, a memory, a keypad and an indication device. The
processor 18 coupled to the housing, and the memory 1s coupled 1o and used in conjunction
with the processor to store at least two botlus types. The keypad 1s 2lso coupled to the
housing and used 1 conjunchion with the processor o select one of the at least ftwo bolus

types, and the indication device mdicates the selected bolus type. In preferred

emmbodiments, the processor controls the external mmfitsion device 1n accordance with the
selected one of the at least two bolus types.

In yet still further embodiments, an external miusion device for infusion of a hguid
into a body mciudes a housing, a receiver, processor, memory and an indication device.
The receiver 15 coupled to the housing for receiving remotely senerated commands. The
processor 1s 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 1 accordance with the commands to select one of the
at least two personal delivery patterns. The mdication device is used to indicate the
selected personal delivery pattern and when a command has been received to control the
external infusion device 1m accordance with the selected personal delivery pattern such that
the external immfusion device 15 capable of being concealed from view when being remotely

commanded. Also, the processor controls the external mfusion device in accordance with

the selected one of the at least two personal delivery patterns.
6
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Other features and advantages of the invenhon will become apparent from the

following detailed description, taken in conjunction with the accompanying drawings

which illustrate, by way of example, vanious features of emnbodiments of the mmvention.

BRIEF DES TION OF THE DRAWING

A detailed description of embodiments of the imvention will be made with
reference to the accompanying drawings, wherein like numerals designate corresponding
parts in the several figures.

Fig. 1 is a simplified block diagram of an external infusion device and system 1n
accordance with an embodiment of the present invention.

Fig. 2 is a perspective view of an external mifusion device and system in

accordance with an embodiment of the present invention.

Fig. 3 is a top perspective view of an RF programiner 1n accordance with an

embodiment of the present invenbon.

Fig. 4 is a top perspeciive view of a remote commander 1n accordance with another

embodiment of the present mmventon.

Fig. 5 is a front plan view of an LCD display for use m an embodiment of the
present invention.

Fig. 6 is a table of Setup 11 options used on external mfusion devices m accordance
with embodiments of the present mvention.

Fig. 7 is a flow diagram illustrating the steps used to set a bolus with and without
the carbohydrate estimator in accordance with embodiments of the present mvention.

Figs. 8(a) and 8(b) are flow diagrams illusfrating the steps used to access the

features of the setup II menu options shown m Fig. 6.

Fig. 9 is a table of the main menu options used on external infusion devices in

accordance with embodiments of the present mvention.

Fig. 10 is a table of Setup I menu options used on external infusion devices n
accordance with embodiments of the present invention.

Fig. 11 is a flow diagram illustrating the steps nsed to access the main menu

optrons shown in Fig. 9.

Fig. 12 is a flow diagram iilustrating the steps used 1o access the features of the

setup I menu options shown m Fig. 10.

7
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Fig. 13 is a graph showing units delivered versus expected days of operation on a
set of batternes.

Fig. 14 is a chart iitusirating factory defzult setting used by embodiments of the
present invention.

Fig. 15 is a simplified diagram of an external infusion device and system in

W

accordance with another embodiment of the present invention.

Fig. 16 1s a simplified block diagram of an external imnfusion device and system
accordance with still another embodiment of the present mmventon.

Fig. 17 is a simplified block diagram of an external infusion device aﬁd system 1n

10  accordance with yet another embodiment of the present invention.

DETATIL.ED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in the drawings for purposes of 1llustration, the mmvention i1s embodied in

an externzl infusion device for imfusion of a hqind, snch as medication, chemicals,

15  enzymes, antigens, hormones, vitamins or the hke, mto a body of 2 user. In preferred
embodiments of the preseat invention, the external mfusion device 1s an external mnfusion
pump, which inchides an RF programming capability, a carbohydrzate (or bolus) estimation

capability and/or vibration alarm capability. Parficular embodiments are directed towards

use 11 humans; however, mn altermative embodiments, the external infusion devices may be

20 used i animals.

As illustrated in Fig. 1, preferred embodiments of the external infusion device 10

include a remote RF programmmer 12, a carbohydrate (or bolus) estimator 14 and/or a

vibration alarm 16. The RF pregrammer 12 and carbohydrate estimator 14 communicate

with a processor 18 contained m a housing 20 of the external infusion device 10. The

25  processor 18 is used to run programs and control the external infusion device 10, and is
connectzd to an internal memory device 22 that stores programs, historical data, user
defined mformation and parameters. In preferred embodiments, the memory device is a
Flash memory and SRAM; however, 1n alternative embodiments, the memory device 22
may mclude other memory storage devices such as ROM, DRAM, RAM, EPROM,

30  dynamuc storage such as other flash memory, energy efficient hard-dnive, or the like. In
preferred embodiments, the external mnfusion device 10 is an external infusion pump that 1s

programmed through a keypad 24 on the housing 20 or by commands received from the

RF progr er 12 through a fr snéitter/receiver 26. Feedback from the external mfusion
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device 10 on status or programmming 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 nsed zs a touch screen mput device or ihe keypad 24 may utilize more
keys or different key arrangements then those illustrated in the figures. The processor 18
is also coupled to a drive mechanism 32 that 1s connected to a flinid reservoir 34 containing
flnd that is expelled throvgh an outlet 36 1o the reservoir 34 and housing 20, and then into
a body of a vser through tubing and a set 38. In fiwther alternative embodiments, the
keypad 24, LCD 28, speaker 30 may be omitted from the external infusion device, and all

programmung and data transfer is handled through the RF programmer 12.

Generally, as shown m Fig. 2, preferred embodiments of the external infusion
device 10 are an external mmsnhn 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 hmits on the dehvery rate.

The exiernal miusion device 10 will also give the user the choice of an andible
alarm and/or vibration alarm 16 such as of a waming that 15 mmdicative of a low reservoir
situation or low gétteqf or some majfimchon of the system. snch as an occlusion of the
outlet that restricts the delivery of the flmid. Alarms may start out at a low level and
escalate unfil acknowledged by the user. In further embodiments, both an andible alarm
and a vibration alarm mazy be given at the same tbime.

As shown n Fig. 5, embodiments of the external infusion device 10 will utilize a
segmented screen LCD 28 that offers multiple-language capability in zpproximately 6
languages. However, altermative embodiments may nclude larger or smaller language

capabilities. Further alternative embodiments, may utitize an LCD that nses a dot matrix,
active matrix, or the like. A scratch resistant window may be ufilized fo provide improved

durabihity, better viewing and less glare.

Several programming options will be availzable in the external infusion device 10,
and will inclode at least two customized basal profiles, a carbohydrate (or bolus) estimator
14 and an zlarm clock, as well as remote and on-device programming. Additionally, a
physician/educator will be able to configure the external infusion device 10 through a
Commumnications Station (Communication-Station - shown m Fig. 15) to provide or
restrict access to certain programming ophons. Particular embodiments of the externe]

mfusion device 10 will also download stored information throuch the Communication-
9
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Stabon. Further description of 2 Conymunication Station of this general type 1s be found
1n U.S. Patent. No. 5,376,070 to Purvis ef al,, entitled DATA TRANSFER SYSTEM FOR

AN INFUSION PUMP. This informzahon can

be nsed alone or combined with information from a Glucose Meter and/or a Gincose
Sensor (not shown) to assist the user and/or the health care professionzl i making
intelligent therapy decisions. Moreover, the mformation, programs and data may be
downloaded to 2 remote or local PC, 1aptop, Communication-Station, or the like, ior
anzalysis and review by a MmiMed or a trzined health care professional through the
transmitter/receiver 26. The data may also be downloaded through a Commumecation-

Station 8 to a remotely located computer 6 such a5 a PC, laptop, or the like, over
commurication lines 7, by modem or wireless connection, as shown in Fig. 15.

| The external infusion device 10 will also have additional memory capacity to allow
configuning of the display during manufacturing io display information in several -different
foreign langnages, and allow for future upgrades and revisions without the requirement of
a hardware change. For example, a PC program will enable manufacturing to select the
language for the pump. Languases are contingent upon available space, but will mmclnde
Enghich, French, Spanish, Italian, Dutch, Swedish and German. In alternative

embodiments, other langnages will be determined based upon space availability.

RF Programmer

The remote RF programmer 12 (or remotes commander) will enable the user to
periorm basic external mfusion device 10 progrémmjng steps without accessing the -
keybozard 24 on the external infusion device 10 or looking at the L.‘-CD.(Liquid: Cryétal
Drsplay) 28 screen. This will benefit visually impaired users of the external miusion

device 10, since the remote RF programmer 12 will give thém 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 programmmer 12 will be confirmed by 2
senes of audible beeps (or if requested by programming, vibration) from the external
infusion device 10. In altemative embodiments, the RF programmer 12 may inchide a
receiver and provide zn 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 defiming the
10
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capability of the key encoded 1n Braille, and the ridges that onent the user to the keypad
102 will be quite pronounced to assist 1n gmding the user to the proper function key.
Other embodiments may utihze keys that have different sizes or shapes to further enhance
the ability for users fo 1dentify the correct butions to activate the vanous features and
functions.

A remote RF programmmer 12 will provide convenience 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 hke. Preferably, the RF programmer 12 is an optional
accessory 1item on the external mfusion device 10, and the external infusion device 10 will
be fully functhional without the use of the RF programmer 12. However, in alternative
embodiments, the keypad 24 m the external infnsion device 10 may be omitted and all

programming wonld be handled by a local or remote PC, laptop, Commumcation-Station,

RF pregrammer or the like. In preferred embodiments, the RF procrammer 12 will also
provide the user with the ability to perform the following functions: deliver a bolus,

suspend/restart the external mfusion device, and set and cancel a temporary basal rate.

However, 1 alternative embodiments, the RF procrammer may include still additional
capabilities such as data transfer (e.g., external infusion device history data or data from

other meadical devices), updates to sofiware and programming, or the bke. In preferred

ermbodiments, the data transfer capabilities between the RF programmer 12 and the
transmitter/receiver 26 of the external infusion devicel0 are two-way. In alternative
embodiments, the data transfer from the RF programmer 12 to the external infusion device
10 1s one-way, such that the R¥F programmer 12 does not receive transmissions from the
external infusion device 10. In further embodiments, the RF programmer acts zs a relay,
or shuttle, for data transmission between the external infusion device 10 and a PC, laptop,

Communication-station, or the like.

In addition, as shown m Fig. 16, a relay or repeater 4 may be used with an external

mifusion device 10 and an RF programmer 12 1o 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 mformation 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 1o sound an alarm. In addition, the
11
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relay 4 may be capable of providing external infusion device 10 miormation to a remotely
located mmdividual via 2 modem connected to the relay 4 for display on a monitor, pager or

the like. In a still further embodiment of the present mmvention, the external infsion

device 10 is capable of being programmed by multiple RF programmers 12, as shown 1

Fig. 17. For instance, each RF programmer 12 would learn (or be programmed with) the

unique code (discussed below) of the external mfusion device 10. This would be useful
for users that desired o have multiple RF programmers 12, such as at home, office and/or

school or needed a replacement for an RF programmer that was lost.

In préferred embodiments, the RF programmer 12 is similar m appearance to the

tyvpe of remote that 1s used to lock and unlock car doors. It will have four (4) keyson a

keypad 102 on 2 housing 104, which will be laxd out in a square gnd pattern, similar in

appearance and layout to the keypad 24 on the external infusion device 10, as shown 1n

Figs. 2 and 3. In alternative embodiments, fewer keys may be used to simphify 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 hke). Preferably, the

RF programmer 12 should inclnde a ring 106 that 11ts on a key ring to lessen the hkelhihood

that 1t 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 1s less than 1 cubic

inch in volume; although larger or smaller volumes may be used. Preferred embodiments

utilize RF frequencies; however, alternative embodmments, may use optical, mnfrared (IR),

ultrasonic frequencies, magnetic effects, or the hike, to commumcate with the external

infusion device 10.

Alternative embodiments of the RF programmer (confroller or commander) 12°, as

S’

shown in Fig. 4, may have more complex keypad arrangements 152, and may mclude 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 R¥ programmer 12° may

be formed in larger sizes, comparable to a TV controller or a pocket calculator, and may

imclude a display to facilitate more complicated or easier programming. Still further

embodiments, may inclide the ability to receive data and imnformation ffom the external

infusion device 10 and/or a glucose monitoring device, and the ability to relay the

Yrom

information to another medical device, external mniusion device 10, glucose monitor

12
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device, PC, laptop, Communication-Station, or the like. Data transmission may be 1o
other devices or include the capability to receive data or mmstinctions. An RF activation
capability may be included m addition to the programmuing capability.

Each RF programmer 12 will include the capability to “learn™ the unique code of

the external infusion device 10 for which it 1s 1ntended to be used. In one embodiment, the
user will perform the following steps to learn the umgne code: 1) remove the battery from
the RF programmer 12; 2) wait a few seconds and then replace the battery 1n the battery

compartment; 3) press and hold the ACT key 110 on the remote keypad 102 (preferably,

the remote will confirm that it has been activated with a long andible beep); and then the
remote 1s held within approximately 127 to 18” (alternatively larger or smaller distances

may be used) of the external infusion device 10 to receive the unigue code from the

transmitter/receiver 26 of the external infusion device 10. The RF programmmer 12 will
confirm successful learming of the umigue 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 1n the umgue code identifying the RF programmer. In

further alternative embodiments, the R¥ prograimmer 12 may also transmit a umique

identification code that umquely 1dentifies 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 unigue code includes the senal

number of the device to prevent confusion with other devices. In particular embodiments,

the RF programmer 12 transmits commands 10 the mfusion device 10, but does not include

a receiver to receive back data from the infusion device 10. In this embodiment, the

imfusion device 10 includes the ability to store 3 umigue codes to permit the infusion

device 10 to be programmed by up to 3 different RF programmers 12. In other

embodiments, the mnfusion device 10 may include more or less storage locations to permit

programming of the mfusion device 10 with a corresponding more or less number of RF

programmers 12.

In preferred embodiments, the external infusion device 10 includes a receiver to

receive the commands from the RF programmer 12. Normally, the recerver is in a standby

mode {e.g., not receiving) and becomes active for short periods every 2.5 seconds

(approximately) to see if there 1s any RF activity from the RF programmer 12. In

alternative embodiments, the receiver of the extemal infusion device 10 may be on

continuously or may bscome active more often or less often, with the selection being
13
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dependent on power capacity, expected ﬁ‘equency of nse of the RF¥ programmer 12, or the
Lke. Generally, the receiver of the external infusion device 10 requires that the RF

programmer send an activating message for a period lasting zbout 5 seconds for the RF

programmer o be recognized by the recerver. In altermative embodiments, Jonger or
shorter periods of time for sending the acfivating message may be used.

Once the recerver recognizes that there 1s a valid RF programmer 12 sending 2
message o the external minsion device 10 (1.e., with this device 10°s umique code), the
receiver will remain in an active mode until a complete seguence of commands has been
received, or until the receiver times out due to a lack of R¥ communications from the RF

programmer 12. Preferably, upon recognition of a valid RF programmer 12 trying to

communicate with the recerver, the external mfusion device 10 will activate its andio
beeper (or 1ts vibrator or the hike} to let the user know that the external mnfusion 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 preamble and message type, a
recognized unigue code, a vahd funchon code (e.g., activate, bolus, suspend, or the like),
an appropriate message count used by the recerver for reduction of RF mterference

problems, and a valid CRC on the transmitied message to ensure message miegrity.

Alternative embodiments, may mclude different message contents or components.

in operation, as discussed above, the RF programmer 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,
tnangular or the like) or dnal wave bcﬁus. In addition, the user may program a profiled
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 profile to be delivered over a
peniod of time). It should be noted that the capabilities may also be directly programmed
on the external mfusion 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
programmed 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

To deliver an audio bolus with the RF programmer 12, the user will press

the “B” or Up arrow key (4A) 108 in the upper right hand corner of the RF

14
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programmer 12 keypad 102. Each fime the Up arrow key (A ) 108 is pushed the
amount of the andio bolus will increment 1n erther .5 units or 1.0 units (depending

on what the user programmed as the incremental step on the “andio” screen of the

Set-up 1 menu — alternative embodiments may use other increments). In these

examples, units are an mcrement of msulin. However, aliernative embodiments,

may define units to be any fluid volume, such as micro-liters, ccs, or the like, with

the volume being dependent on the type of flmd 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 hke, and then press the Up arrow key (A) 108 on the RF
programmer 12 1o begin the process again.

When the desired andho bolus amount is programmed, the user presses the
“activate” or ACT key 110 m the lower left comer of the keypad 102 on the RF
programmer 12. The external mfusion device 10 will then confirm the andio bolus
amount with a senies of audible beeps. In alternative embodiments, vibraton may
be nsed mstead of or in addition to andible beeps. To deliver the andio bolus, the
user will then press the ACT key 110 again to start dehivery of the bolus.

Alternatively, the external mfusion device 10 may provide an andible mdication by

speech. In further alternative embodiments, the RF programmer 12° will have a

display 150 and will provide a visual confirmation with or without an audio

confirmation.
Counting the bolus mmerements 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 zs 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, 1f
0.5U (U-100) 1s the bolus mcrement, the first key press of the Up arrow key (A)
108 wall set the external infusion device 10 and LCD 28 to 0.5 U, and it will be
accompanied by the first note in a2 chord. The second key press of the Up arrow
key (A) 108 will increment the external miusion device and the LCD 2810 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 aitow key (A) 108 will increment the extemnal infusion device
15
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10 and the LCD 28 to 2.0 U, and 1t will z2lso be accompamed by the ijourth note m
the chord. On the fifth key press of the Up arrow key (&) 108, the displayed bolus

amournt will be incremented agzm and the andio sequence will repeat 1n the same

manner as just descrnibed.

When the desired bolus amount 1s displayed and/or sounded, the nser
continues by pressing the ACT key 110. The external miusion devaice 10 will piay
back the beep sequence generated dunng the bolus amount selecticn. The bolus
delivery will commence after the user confirms the bolus amount selection by
pressing the ACT key 110 once agam. To cancel this bolus before 1t starts, the user
may either allow the external mnfusion device 10 to time out and return to the time
display or press the Down arrow key (W) 112. Either of these will be accompanied
by a “raspberry”’ type beep (and/or vibration) indicating the bolus has been cleared.

Preferably, a stalidard time-out delay of 15 seconds apphes to all keypresses
involved during the bolus amount selechon, but other time pertods may be used.

Preferably, a BOLUS element, the word DELIVERY, and the updated
amount deliversd will be displayed on the LCD 28 while dehvery 1s m progress.
The external mimsion device 10 will beep once at the end of the dose. In

altemative embodiments, audible indications may be provided, such as beeps,

chords, speech, or the hike, and/or vibration.

Example I - RF programmed suspension of External Infusion Device Operation

To temporanly suspend the operation of the external mfusion device 10, the

‘r"!

user will press the “select” or SEL key 114 1n 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 confirm that it 1s in suspend mode with three
(3) andible beeps (although different numbers of beeps and/or vibration may be
used). In preferred embodiments, when the extemnal inﬁ;sioﬁ device 101sin
suspend mode, the LCD 28 will show "-8-", the word "STOPPED", and the time

that the external mfusion device 10 was placed m the suspend mode. When 1n the

suspend mode, there 1s no drug delivery (either basal rate, or meal boluses).

Preferably, the external mifusion device 10 will beep an alert tone (and/or vibrate

every half hour to indicate that delivery has stopped. In alternative embodiments,

other time perniods may be used, or the alert tone may be omitted.
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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 confirm the restart and then resume normal basal
delivery and infusion device 10 operation. Alternafively, the external infusion
device 10 may provide an audible indication by speech. In further altemative
embodiments, the RF programmer 12° will have a display 150 and will provide a
visual conitrmation of the status of the external msion device 10, with or without

an a2udio confirmation.

Example J11 - rogrammed Temporary Basal Rate

A temporary basal rate, or basal ovemmide rate, is a rate that 1s delivered
hien of a programmed, user defined profile segment rate that 1s generally delivered
during this e period. The temporary basal rate 1s programmed with a rate and a
duration.

To set a temporary basal rate, the user will press the “T” or Down arrow

key (¥) 112 1n the lower nght hand comer of the keypad 102 on the RF
programmer 12. Each press of the Down arrow key (¥ ) 112 will increment the
duration of the ternporary basal rate by 30 minutes. Counting the temporary basal
rate durahon mcrements will be facihitated by varying the andio tones for beeps
that accompany the Down arrow key (¥ ) 112 presses. Four notes belonging to a

musical chord will be used in repeating sequence as Down arrow key (¥) 112 1s

repeatedly pressed to select a desired duration of the basal rate. In alternative

embodiments, 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 mnstead 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 (¥ ) 112 to begin the process again.

When the desired temporary basal rate duration has been set, the user will
press the ACT key 110. The external mfusion device 10 will confirm the duration
of the temporary bolus rate with 2 senes of audible beeps (and/or vibration). The
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user will then press the ACT key 110 again to confirm and accept the duration of
the temporary basal rate. If the ACT key 110 1s not pushed to confirm the amount,
the external infusion device 10 will emit an andible error signal such as a
“raspberry”, buzzing, vibration, or the bke. Alternatively, the external mfusion
5 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 confirmation of the temporary basal rate durabon, with or without an andio
confirmation.

To set the amount of the temporary basal rate, the user will press the Down

10 airow key (W) 112 again. Each press of the Down arrow key (W) 112 wall

increment the amount of the temporary basal by 0.1 units. Counting the amount

temporary basal rate increments will be facihtated by varying the andio tones for
eeps that accompany the Down atrow key (¥ ) 112 presses. Four notes belonging
to a musicel chord will be used 1n repeating sequence as Down arrow key (€) 112
15 is repeatedly pressed to select a desired amount of the temporary basal rate. In

alternative embodiments, more or fewer notes (and/or vibrahon) may be used. In

these examples, units are an mcrement of mmsulin. However, alternative
emnbodiments may define units to be any fimd volume, snch as micro-liters, ccs, or
the hike, with the volume being dependent on the type of flmid to be infused. The
20 rate may be set to a value from 0.0 U to the maximum programmable value of the
basal rate. In alternative embodiments, difierent increments may be used.
Preferably, the tone of these beeps (and/or vibration) will be distinctly different
than the tone (andfor 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
25 external infusion device 10 will confirmm the amount of the temporary basal rate
with a series of andible beeps (and/or vibration). The user will then press the ACT
key 110 again to confirm and accept the amount of the temporary basal rate. If the
ACT key 110 1s not pushed to confirm the amount, the external infusion device 10
will emit an audible error signal, such as “raspbeiry”, buzzing, vibration, or the

30 like. Three short beeps (an/or vibration) every 30 minutes will confirm that the

temporary basal rate 15 active. Alternatively, the external infusion device 10 may

provide an audible indication by speech. In {urther alternative embodiments, the

R¥ programmer 12° will have a display 150 and will provide visual confirmation
18
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of the temporary basal rate, with or without an andio confirmation.
To cancel a programmed temporary basal rate at any timne during its

mtended operation, and resume the normal programmed baszl raie, the user presses

the Down arrow key ('¥) 112 and then presses the SEL key 114 on the keypad 102
of the RF programmer 12. If a temporary basal rate had fime remaining, the nser
will hear a long beep (and/or vibrate) to confirm that the temporary basal has been

canceled. Otherwise, if no time was remaining, the user hears an error signal such
as a “raspberry’, buzzing, vibration, or the like, mdicating that there was no time
remaining on the temporary basal rate. Alternatively, the externzl infusion device
10 may provide an audible indication by speech. In further altemative
embodiments, the RF programmer 12’ will have a display 150 and will provide
visual confirmation of the temporary basal rate, with or without an andio

confirmation.

Example I'V - RF programmed Extended Bolus
An extended bolus (such as a square wave bolus, ramp bolus, friangular

bolus, proiiled bolus or the like) 1s 2 bolus that 1s delivered over zn extended penod
of time; rzther, than all bemng deliverad at once. To program zn extended bolus

with the RF programmer 12, the user will need access {o the display LCD 28 of the

external infusion device or perform the programming in two separate steps.

Alternatively, an R¥F programmer 12° having a built i display 150 may be used.

- To set an extended bolus, the user will set the duration of the extendad
bolus in the same manner that they set the Gguration for a Temporary Basal Rate,
This involves using the Down arrow key (W) 112 in the lower night corner of the

keypad of the RF programmer 12, mn the same manner as described above. The

user will also select the type of extended bolus such as a squere wave bolus, ramp
bolus, fmangular bolus, profiled bolus, or the hike, 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 sefting a square wave bolus,

When the ACT key 110 1s pressed while a desired bolus amount i1s
displayed, the bolus duration will be displayed on the LCD 28. The default bolus

duratbon can be 30, 60 or 90 minutes, depending on the largest basal value of
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current setting and the desired bolus amount. The duration may be scrolled by
using the Up attow key (&)} 108 and the Down arrow key (W) 112 on the keypad
102 of the RF programmer 12. Pressing the Up amrow key (&) 108 wall cause the
duration to scroll m merements 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 (V) 112 will canse the durahon to wrap around to 8 hours, then scroll down in
mcrements of 30 minutes. In ﬁu'tﬁar embodiments, the use of the Down arrow (V)
112 wall always siop at zero 0 avoid a wrap-around Or TequiTe ONe OF INOTe
additional depressions (possibly accompanied by a beep and/or vibration) to warn a
user that they are now at the maxmmum value. Alernatively, the RF programmer
12° may mnclnde different additional keys (such as 152 i Fig. 4) that can be used to
impliement the squars wave bolus, or a selectable menu on the RF programmer 12°.
- Next, 1o set the amount of the square wave bolos, the user will press the Up

arrow key (A) 108 1 the upper right hand corner of the keypad 102 of the RF
proegrammer 12. Each depression will enabie merementing the amount of the
square wave bolus m 0.1 umt imncrements; although other increments may be used.
The external infusion device 10 will give a distinct anditory (and/or vibrating)
confirmation of the selected bolus amount. The squzare wave will not be
implementad until the user presses the ACT key 110 to accept the selected amount.
Preferably, the external infusion device 10 provides confirmation by an andible
beep (and/or vibrahon). Alternafively, the external infusion device 10 may provide
zn audible indication by speech. In further alternative embodiments, the RF
programmer 12 will have a display 150 and will provide visual confirmation of
the square wave bolus, with or without an andio confirmation.

To enhance flexibility, 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 sguare wave will

resume operation unfil compleied.

Example V - RF Programmed Dual Wave Bolns
A dual wave bolus 1s a combination of 2 normal (or immediately given)

bolus with a sguars wave bolus. To program a dual wave bolus with the RF
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programmer 12, the user will need access to the display LCD 28 of the external
mfusion device or perform the programming in two separate steps. Alternatively,
an RF programmer 12° having a built in display 150 mayv be used.

1o set a gual wave bolus, the user will press the ACT key 110 on the bolus
nistory screen. The word “NORMAL”™ will start to blink on the LCD 28 and/or
provide zn audible (and/or vibration) mdicahon. The user can press the Up arrow
key (A) 108 or Down atrrow key (¥ ) 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), 2 dual bolus is
chosen. The LCD 28 of the external mfusion device 10 wall 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 (¥ ) 112, and then press the ACT key 110. The LCD
28 of the external minsion device 10 wiil show the word “SQUARE™ and/or the

dashes for the bolus amount will now blink (and/or an zudible and/or vibration

mdication 1s provided). The user can press the Up arrow key (A) 108 or the Down
arrow key (¥) 112 to choose the desired square wave bolus portion amount.

When the ACT key 110 1s pressed, while a desired square wave bolus portion
amount 1s 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 sqguare wave bolus portion duration from 30
minutes to 8 hours (although other increments or duration’s may be used). After
the ACT key 110 1s pressed for the desired square wave bolus portion duration, the
external infusion device 10 will start delivering the normal bolus portion first. 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 displayzd on the LCD 28 (and/or an audible and/or vibration
mdication will be provided). When the duzl bolus 1s finished, the external infusion
device 10 will beep (and/or vibrate) and display the amount of the bolus delivered
ior 5 seconds, then return to the normal time display. Altematively, the external

infusion device 10 may provide an audible indication by speech. In further

aliernative embodiments, the RF programmmer 12° will have a display 150 and will

21



N

10

| S
Lh

20

|
h

¥y
-

CA 02736596 2011-04-01

WO 00/10628 PCT/US99/18977

provide visual confirmation of the sguare wave bolus, with or without an aundio

confirmanon.

Other programming, commands, or data transfer may be accomplished by the RF
programmer 12 (or remote commander), and the RF programmer 12 (or remote
commander) should not be hmited to the above-described Examples I-V. For instance, the
R programmmer 12°, since it includes a display 150 may use the same programming
protocol and key sequences as those used to program the external infusion device 10 using
the keypad 24 and LCD 28 on the external infusion device 10. Alternatively, the RF
programmer 12° may use more sophisbicated programming techniques, such as single key
prograrmming, if the display 150 mclhides the capability to use touch screen technigues, or
may use additional keys 1n the keypad 152 that are specifically identified with particular

programming features on the external mfusion device 10.

Bolus Estimator

The Bolus estimaior 14 (or carbohydrzie estimator that estimates a botus based on
carbohydrate consumption (CHO)) assists the user with carbohydrate counting and in
determining precise dosing adjustments to account for meals. Carbohydrates are the

primary, but not the only, factor affecting blood glucose levels. Generally, it is sufficient

to account just for the carbohydraies. It also encourages the user to enter current blood
glucose values berore using this feature, which will also be viewed quite favorably by the
health care proiessional, since it mncreases compliance with the medical regimen and
improves control. In alternative embodiments, the bolus estimator 14 in the external
mfusion device 10 can be connected or coupled t0a glucose monitor by way of the RF
programnmer 12 (or other data fransfer) 1o provide direct input o the bolus estimator 14.
In preierred embodiments, as shown 1n Figs. 1, 6, 7 and 8(b), the bolus estimator

14 1s nsed to assist the external mfusion device 10 user with the estimations that are done

to determine the proper bolus amount that is needed to cover the anticipated carbohydrate

mmtake at meals. The bolus estimator 14 does this by suggesting a bolus based on a pre-

programmed carbohydrate ratio that is stored in the memory 22 of the external infusion

device 10. The bolus estimator 14 will also take into account the user’s insulin sensitivity

and the differenhial between the user’s pre-programmed target blood glicose (BG) level

and the user's current BG level at the time the carbohydrate estimator 14 is activated. The
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recommendation, or result of the bolus estmator 14, 1s sometimes referred to 2s 2

“correction bolus™.
The bolus estimator 14 1s geperally activated by the user, or preferably the health

care proiessional, in the Set-up II menu of the external infusion device 10 (see Figs. 6 and
8(b)), beiore it is operational, and preferably afier the user has demonstrated a suffdcient
understanding of estimating carbohydrate intake. In preferred embodiments, the bolus
estimator 14 15 activated and programmed by using the keypad 24 on the external imnfusion
device 10. However, 1n altemative emmbodiments, the bolus estimator 14 may be
programmed and activated with an RF programmer 12 or 12°. In further alternztive
embodiments, the current glucese readings for the user my be provided by receipt of the
glucose Jevel measurement from 2 glncose momnitor or via the RF programmer 12 fo
facilitate a correction for changing blood glucese (BG) levels. Further description of
correcting infusion rates based on blood glucose readings may be found in U.S. Patent.

No. 5,569,186 to Lord et al., eniitled “CLOSED LOOP INFUSION PUMP SYSTEM

WITH REMOVABLE GLUCOSE SENSOR,” and U.S. Patent No. 5,665,065 to Colman
et al., enfitled “MEDICATION INFUSION DEVICE WITH BLOOD GLUCOSE DATA
INPUT™, . In alternative embodiments, the vser
may be able to use other combinations of the values to suggest different bolus types and
amounts. In zlternative embodiments, the carbohydrate estimator 14 can be used 11 a
closed-loop system to augment the readings or check the closed-loop system’s capability
based on carbohydrafe estimated meals. In still further embodiments, thé bolus estimator
14 may be used to calculate correctién boluses based on other paraﬁngﬁegs, with the tj;fpe of
bolus corrections being determined by the ﬂu:id being infused, body characternstics, or the
hke. Preferably, the bolus estimztor 14 uses stoted values or parameters related to the
individual with current values, parameters of measurements and zn 2lgorithm to provide a
recominended bolus that can be accepted, modified or rejected by the nser. For mstance in
pregnancy, tocolysis may be infused and the measurement of the contraction rafe may be

used to sugzest additional boluses of tocolysis medication. In HIV cases, a bolus amount
of medication being mfirsed may be adjusted based on 2 relabonship to the current viral

loads in the patient. In stroke or cardiac cases, the coagulation rate may be used to

etermine the bolus amount of heparin to be administered. Other calculatbions may be

made and should not be hmited to the above-described examples.
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After the bolns estimator 14 has been enabled, the user will be prompted to store

the foliowing three (3) values in the memory 22 of the external infusion device 10. In

sltemative embodiments, more or fewer values may be needed or used. These values are

nsed by the bolus estimator 14 and the processor 18 of the external infusion device 10 to
perform the necessary calculations in suggesting a bolus amount. In preferred

embodiments, access to programming and changing these values may be restricted to the

health care professional. In alternative emb<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>