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User Profile Backup System For an Infusion Pump Device

CROSS-REFERENCE TO RELATED APPLICATIONS

This document claims priority to U.S. Application Serial No. 11/851,989 filed

on September 7, 2007 and entitled "User Profile Backup System For an Infusion

Pump Device," the contents of which are herein incorporated by reference in their

entirety.

TECHNICAL FIELD

This document relates to a data backup system for an infusion pump device.

BACKGROUND

Pump devices are commonly used to deliver one or more fluids to a targeted

individual. For example, a medical infusion pump device may be used to deliver a

medicine to a patient as part of a medical treatment. The medicine that is delivered by

the infusion pump device can depend on the condition of the patient and the desired

treatment plan. For example, infusion pump devices have been used to deliver insulin

to the vasculature of diabetes patients so as to regulate blood-glucose levels.

SUMMARY

Because of potential abuses or mistakes, a controller device for an infusion

pump system can be configured such that only a physician or counselor can program

certain information on the controller device. Accordingly, if a user loses or damages

her controller device, the user must then get her physician or counselor to program

another controller device. Furthermore, even user programmed information can be

lost when a user loses or damages the controller device. Accordingly, an infusion

pump system can include a controller device that communicates with a pump device,

the pump device having a memory device. The controller device can be configured to

record controller-related data, such as user profile data on the memory device of the

pump device. This user profile data that is stored in the memory of the pump device

can serves as a data backup system that permits the user to program a new controller

device in a situation where the original controller device is lost or damaged. In

addition or in the alternative, the controller device can be configured to receive



controller-related data, such as software update programs or backup controller data,

from the memory device of the pump device.

In particular embodiments, a wearable infusion pump system may include a

pump device and a controller device that is removably attachable to the pump device.

The pump device can define a space to receive a medicine source and can include a

drive system to dispense medicine from the pump device when the medicine source is

received in the space. The pump device can include a memory device that stores user

profile information. When the controller device is removably attached to the pump

device, the controller device activates the drive system to dispense the medicine

source. The controller device can receive the user profile information to program the

controller device for use with the user.

In some embodiments, a method of programming a infusion pump system may

include recording user profile information onto a memory device within a pump

device and transmitting the user profile information from the memory device to a

reusable controller device once the controller device is removably attached to the

pump device. The pump device can have medicine and a drive system to dispense the

medicine from the pump device.

In other embodiments, a method of programming a infusion pump system may

include removably attaching a first reusable controller device to a disposable pump

device, detaching the pump device from the first reusable controller device, and

removably attaching the pump device to a second reusable controller device. The first

controller device can include a first memory device comprising user profile

information. The pump device can have medicine and a drive system to dispense the

medicine from the pump device. The pump device can also include a pump memory

device. The first reusable controller device thereby transmits the user profile

information from the first memory device to the pump memory device when the pump

device is removably connected to the first controller device and the second controller

device receives the user profile information from the pump memory device when the

second controller device is removably attached to the pump device.

In particular embodiments, a medicinal fluid supply system may include a

drive system to dispense a medicine from a portable infusion pump unit, control

circuitry to communicate electronic control signals to the drive system, an energy

source electrically connected to the control circuitry, a first memory device



comprising user profile information, and a second memory device comprising the user

profile information. The drive system can powered by the electrical energy stored in

the rechargeable power supply.

In some embodiments, a wearable infusion pump system can include a pump

device and a controller device that is removably attachable to the pump device. The

pump device may define a space to receive a medicine source and may include a drive

system to dispense medicine from the pump device when the medicine source is

received in the space. The pump device can include a first memory device storing a

software program including machine executable instructions. The controller device

may include a second memory device. When the controller device is removably

attached to the pump device, the controller device activates the drive system to

dispense the medicine source. The controller device can receiving the software

program from the first memory device and store at least a portion of the software

program on the second memory device, the controller device executing the machine

readable instructions.

Some or all of the embodiments described herein may provide one or more of

the following advantages. First, some embodiments of an infusion pump system may

include a configuration that records user profile data on a memory device in the pump

device. This configuration may permit a user to transition to a new controller without

needing to have that new controller programmed by a physician or counselor.

Moreover, the user profile can also save the user time by avoiding the need for the

user to reprogram the new controller with user entered data.

Second, some embodiments of the infusion pump system can use the user

profile information as a key to ensure that the pump device is not being used by

multiple users having different controller devices. For example, it can ensure that

people living together do not accidentally use their house mates' pump device. The

controller device can detect the presence of user profile information and confirm that

it matches the user profile of the controller device 200.

Third, some embodiments of the infusion pump system can use the user

profile information as a key for the user to confirm his or her identity. For example,

when programming a new controller with the user profile on the pump device, the

controller can query the user to confirm that the user profile belongs to the person in

possession of the pump device and the new controller.



Fourth, some embodiments of the controller device are configured to

removably attach to the pump device in a manner that provides a reliable electrical

connection therebetween. Such an electrical connection may permit communication

from the controller device to the drive system of the pump device.

Fifth, some embodiments of the pump device may be attached to the controller

device so that a user can readily monitor infusion pump operation by simply viewing

the user interface connected to the pump device. In these circumstances, the user may

activate and control the pump device without the requirement of locating and

operating a separate monitoring module.

Sixth, some embodiments of the infusion pump system may be configured to

be portable, wearable, and (in some circumstances) concealable. For example, a user

can conveniently wear the infusion pump system on the user's skin under clothing or

can carry the pump device in the user's pocket (or other portable location) while

receiving the medicine dispensed from the pump device.

The details of one or more embodiments set forth in the accompanying

drawings and the description below. Other features, objects, and advantages will be

apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of an infusion pump system in accordance with

some embodiments.

FIG. 2 is a perspective view of the infusion pump system of FIG. 1 in an

assembled state.

FIG. 3 is another perspective view of the infusion pump system of FIG. 2 .

FIG. 4 is a perspective view of the infusion pump system of FIG. 1 in a

detached state.

FIG. 5 is another perspective view of the infusion pump system on FIG. 4 .

FIG. 6 is a perspective view of an infusion pump system, in accordance with

some embodiments.

FIG. 7 is a perspective view of the infusion pump system of FIG. 5 worn on

clothing of a user.

FIG. 8 is a perspective view of an infusion pump system worn on skin of a

user, in accordance with particular embodiments.



FIGS. 9-10 are perspective views of a pump device being detached from a

controller device, in accordance with some embodiments.

FIGS. 11-12 are perspective views of the pump device of FIGS. 11-12 being

discarded and the controller device of FIGS. 11-12 being reused with a new pump

device.

FIGS. 13-14 are perspective views of the new pump device of FIG. 12 being

attached to the controller device of FIG. 12.

FIG. 15 is an exploded perspective view of a controller device for an infusion

pump system, in accordance with some embodiments.

FIG. 16 is an exploded perspective view of a pump device for an infusion

pump system, in accordance with some embodiments.

FIG. 17 is a perspective view of a portion of the pump device of FIG. 16.

FIG. 18 is a top view of a portion of the pump device of FIG. 16.

FIG. 19 is an example of an event log that can be stored in a memory device in

a pump device.

FIG. 20 is an example of user profile data that can be stored in a memory

device in a pump device.

FIG. 2 1 is a flow diagram of a software update process for the controller

device.

FIG. 22 is a graphs depicting a variety of drive system energy requirement

profiles.

FIG. 23 is graphs depicting an example of a pattern of delivered voltage pulses

and an energy profile created by that pattern of delivered voltage pulses.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

Referring to FIGS. 1-3, an infusion pump system 10 can include a pump

device 100 and a controller device 200 that communicates with the pump device 100.

The pump device 100 can include a housing structure 110 that defines a cavity 116 in

which a fluid cartridge 120 can be received. The pump device 100 also can include a

cap device 130 to retain the fluid cartridge 120 in the cavity 116 of the housing

structure 110. The pump device 100 can include a drive system (described in more

detail below) that advances a plunger 125 in the fluid cartridge 120 so as to dispense

fluid therefrom. The controller device 200 communicates with the pump device 100



to control the operation of the drive system. When the controller device 200, the

pump device 100 (including the cap device 130), and the fluid cartridge 120 are

assembled together, the user can (in some embodiments) conveniently wear the

infusion pump system 10 on the user's skin under clothing or in the user's pocket

while receiving the fluid dispensed from the pump device 100.

The controller device 200 may be configured as a reusable component that

provides electronics and a user interface to control the operation of the pump device

100. In such circumstances, the pump device 100 can be a disposable component that

is disposed of after a single use. For example, as described in more detail below in

connection with FIGS. 9-14, the pump device 100 can be a "one time use" component

that is thrown away after the fluid cartridge 120 therein is exhausted. Thereafter, the

user can removably attach a new pump device 100' (having a new medicine cartridge

120') to the reusable controller device 200 for the dispensation of fluid from a new

fluid cartridge 120'. Accordingly, the user is permitted to reuse the controller device

200 (which may include complex or valuable electronics) while disposing of the

relatively low-cost pump device 100 after each use. Such a pump system 10 can

provide enhanced user safety as a new pump device 100 (and drive system therein) is

employed with each new fluid cartridge 120.

The infusion pump system 10 may also include a memory device 318 included

in the pump device 100 to store controller-related data, such as user profile data (e.g.,

as shown in FIGS. 1 and 20). The user profile data can be used by the controller

device to provide medicine dispensation treatment that is personal to the user.

Exemplary user profile data can include a user's identifying information (e.g., name

and/or social security number), the types of medication that a user is allowed to take,

a user's physical characteristics (e.g., height, weight, gender, and the like), a user's

insulin sensitivity (e.g., the users blood glucose to insulin ratio), how a user's blood

glucose level responds to eating (e.g., blood glucose to carbohydrate ratio), how a

user's blood glucose level responds to increased activity levels (e.g., blood glucose to

activity ratio), treatment data (e.g., basal insulin rates, schedules, or profiles), and the

like. The user profile data can serve as a compatibility indication to determine if the

pump device has previously been used with another controller device 200 for another

user. Furthermore, if the user has two controllers, the controllers 200 should have the

same user profile, thereby allowing the user to change controllers. Another feature of



recording user profile data on the memory device 318 of a pump device 100 is that the

memory device 318 can serve as a backup of the user profile in the case that the

controller becomes inoperable or lost. User profile information stored on the memory

device 318 of a pump device 100 can allow a user to more quickly make a clone of

the controller device 200, without the need for access to the original controller and

without the need to seek out her physician or practitioner to program a new controller

device 200. As shown in FIG. 1, in some embodiments, the controller device 200 can

allow a user to review the user profile information before or after programming a new

controller device 200 with the user profile. In some embodiments, the user can use

the controller device 200 to accept or reject portions of the user profile.

Furthermore, the memory device 318 included in the pump device 100 can

store controller-related data, such as controller software updates (e.g., refer to FIG.

21). For example, the manufacturer or supplier may store a software patch or update

in the memory 318 of the pump device 100. When the user receives the new pump

device 100 and attaches it to the user's controller device 200, the controller device

200 can be configured to interrogate the pump's memory 318 to check if an updated

version of the controller operation software is available. Thus, the user can update the

controller device with new software or software patches during the normal usage of

the pump system 10.

Briefly, in use, the pump device 100 is configured to removably attach to the

controller device 200 in a manner that provides a secure fitting, an overall compact

size, and a reliable electrical connection that is resistant to water migration. For

example, as described in more detail below in connection with FIGS. 1-5, the

controller device 200 can include a housing 210 having a number of features that mate

with complementary features of the pump housing 110. In such circumstances, the

controller device 200 can removably attach with the pump device 100 in a generally

side-by-side configuration while not fully surrounding the pump housing 110.

Accordingly, the pump device 100 and the controller device 200 can be separate

components that fit together, but the overall size of the combined assembly is reduced

because there is no requirement for one component (e.g., the controller device) to

completely surround or envelop the second component (e.g., the pump device). The

compact size permits the infusion pump system 10 to be discrete and portable (as

described below in connection with FIGS. 6-8). Moreover, at least one of the pump



device 100 or the controller device 200 can include a release member that facilitates

an easy-to-use detachment and replacement process.

Referring again to FIGS. 1-3, the pump system 10 can be a medical infusion

pump system that is configured to controllably dispense a medicine from the cartridge

120. As such, the fluid cartridge 120 can contain a medicine 126 (FIG. 1) to be

infused into the tissue or vasculature of a targeted individual, such as a human or

animal patient. For example, the pump device 100 can be adapted to receive a

medicine cartridge 120 in the form of a carpule that is preloaded with insulin or

another medicine for use in the treatment of Diabetes (e.g., Byetta®, Symlin®, or

others). Such a cartridge 120 may be supplied, for example, by Eli Lilly and Co. of

Indianapolis, IN. Other examples of medicines contained in the fluid cartridge 120

include: pain relief drugs, hormone therapy, blood pressure treatments, anti-emetics,

osteoporosis treatments, or other injectable medicines. The fluid cartridge 120 may

have other configurations. For example, the fluid cartridge 120 may comprise a

reservoir that is integral with the pump housing structure 110 (e.g., the fluid cartridge

120 can be defined by one or more walls of the pump housing structure 110 that

surround a plunger to define a reservoir in which the medicine is injected or otherwise

received).

In some embodiments, the pump device 100 can include one or more

structures that interfere with the removal of the medicine cartridge 120 after the

medicine cartridge 120 is inserted into the cavity 116. For example, as shown in FIG.

1, the pump housing structure 110 can include one or more retainer wings 119 that at

least partially extend into the cavity 116 to engage a portion of the medicine cartridge

120 when the medicine cartridge 120 is installed therein. Such a configuration may

facilitate the "one-time-use" feature of the pump device 100 and ensure that an data

stored on the memory device 318 is reflective of the one and only fluid cartridge 120.

In some embodiments, the retainer wings 119 can interfere with attempts to remove

the medicine cartridge 120 from the pump device 100, thus ensuring that the pump

device 100 will be discarded along with the medicine cartridge 120 after the medicine

cartridge 120 is emptied, expired, or otherwise exhausted. Accordingly, the pump

device 100 can operate in a tamper-resistant and safe manner because the pump

device 100 can be designed with predetermined life expectancy (e.g., the "one-time-



use" feature in which the pump device is discarded after the medicine cartridge 120 is

emptied, expired, or otherwise exhausted).

Still referring to FIGS. 1-3, the controller device 200 can be removably

attached to the pump device 100 so that the two components are mechanically

mounted to one another in a fixed relationship. Such a mechanical mounting can

form an electrical connection between the removable controller device 200 and the

pump device 100. For example, the controller device 200 can be in electrical

communication with a portion of a drive system (not shown in FIGS. 1-3) of the pump

device 100. The controller device 200 can also then be adapted to read data from (and

in some embodiments write data to) the memory device 318 As described in more

detail below, the pump device 100 can include a drive system that causes controlled

dispensation of the medicine or other fluid from the cartridge 120. In some

embodiments, the drive system incrementally advances a piston rod (not shown in

FIGS. 1-3) longitudinally into the cartridge 120 so that the fluid is forced out of an

output end 122. A septum 121 (FIG. 1) at the output end 122 of the fluid cartridge 120

can be pierced to permit fluid outflow when the cap device 130 is connected to the

pump housing structure 110 (described in more detail below). Thus, when the pump

device 100 and the controller device 200 are attached and thereby electrically

connected, the controller device 200 communicates electronic control signals via a

hardwire-connection (e.g., electrical contacts or the like) to the drive system or other

components of the pump device 100. In response to the electrical control signals from

the controller device 200, the drive system of the pump device 100 causes medicine to

incrementally dispense from the medicine cartridge 120.

As shown in FIG. 1, the pump device 100 can include an electrical connector

118 (e.g., having conductive pads, pins, and the like) that are exposed to the controller

device 200 and that mate with a complementary electrical connector (refer to

connector 218 in FIG. 3) on the adjacent face of the controller device 200. The

electrical connectors 118 and 218 provide the electrical communication between the

control circuitry (refer, for example, to FIG. 16) housed in the controller device 200

and at least a portion of the drive system or other components of the pump device

100. For example, in some embodiments, the electrical connectors 118 and 218 can

permit the transmission of electrical control signals to the pump device 100 and the

reception of feedback signals (e.g., sensor signals) from particular components within



the pump device 100. In some embodiments, electrical connectors can permit for the

transmission of data between the memory device 318 and the controller device 200.

Furthermore, as described in more detail below, the infusion pump system 10 can

include a gasket 140 that provides a seal that is resistant to migration of external

contaminants when the pump device 100 is attached to the controller device 200.

Thus, in some embodiments, the infusion pump system 10 can be assembled into a

water resistant configuration that protects the electrical interconnection from water

migration (e.g., if the user encounters water while carrying the pump system 10).

Still referring to FIGS. 1-3, the controller device 200 can include a user

interface 220 that permits a user to monitor the operation of the pump device 100. In

some embodiments, the user interface 220 can include a display device 222 and one

or more user-selectable buttons (e.g., four buttons 224a, 224b, 224c, and 224d in this

embodiment). The display device 222 can include an active area in which numerals,

text, symbols, images, or a combination thereof can be displayed (refer, for example,

to FIG. 2). For example, the display device 222 can be used to communicate a

number of settings or menu options for the infusion pump system 10. In this

embodiment, the user may press one or more of the buttons 224a, 224b, 224c, and

224d to shuffle through a number of menus or program screens that show particular

settings and data (e.g., review data that shows the medicine dispensing rate, the total

amount of medicine dispensed in a given time period, the amount of medicine

scheduled to be dispensed at a particular time or date, the approximate amount of

medicine remaining in the cartridge 120, or the like). In some embodiments, the user

can adjust the settings or otherwise program the controller device 200 by pressing one

or more buttons 224a, 224b, 224c, and 224d of the user interface 220. For example,

in embodiments of the infusion pump system 10 configured to dispense insulin, the

user may press one or more of the buttons 224a, 224b, 224c, and 224d to change the

dispensation rate of insulin or to request that a bolus of insulin be dispensed

immediately or at a scheduled, later time. In some embodiments, an event log on the

memory device 318 can record user interaction with the user interface (e.g., storing

the date and time for each adjustment in settings or other programming of the

controller device).

Accordingly, when the controller device 200 is connected to the pump device

100, the user can be provided with the opportunity to readily monitor the infusion



pump operation by simply viewing the user interface 220 of the controller device 200

connected to the pump device 100. Such monitoring capabilities may provide

comfort to a user who may have urgent questions about the current operation of the

pump device 100. Also, in these embodiments, there may be no need for the user to

carry and operate a separate module to monitor the operation of the infusion pump

device 100, thereby simplifying the monitoring process and reducing the number of

devices that must be carried by the user. If a need arises in which the user desires to

monitor the operation of the pump device 100 or to adjust the settings of the pump

system 10 (e.g., to request a bolus amount of medicine), the user can readily operate

the user interface 220 of the controller device 200, which is removably attached to the

pump device 100, without the requirement of locating and operating a separate

monitoring module.

Referring now to FIGS. 4-5, when the infusion pump system 10 operates, the

controller device 200 can be removably attached to the pump device 100 in a side-by-

side arrangement. For example, the pump device 100 may be moved in a longitudinal

direction (e.g., refer to direction 219 in FIG. 13) toward the controller device 200 until

the complementary features connect and secure the separate components in the side-

by-side arrangement. In these circumstances, the pump device 100 and the controller

device 200 can be separate components that fit together, but the overall size of the

combined assembly can be reduced because there is no requirement for one

component (e.g., the controller device or pump device) to surround or envelop the

second component (e.g., the pump device or controller device). Moreover, in some

embodiments, the pump device 100 and controller device 200 can be readily attached

together with a "one-movement" process that is convenient to the user.

The controller device 200 can include a controller housing structure 210

having a number of features that are configured to mate with complementary features

of the pump housing structure 110 so as to form a releasable mechanical connection.

For example, the pump housing structure 110 can include a barrel 111 that mates with

a complementary barrel channel 211 of the controller housing 210. Also, the pump

housing 110 can include slider channel 112 that slidably engages a complementary

rail 212 defined by the controller housing 210. The slider channel 112 can guide the

relative motion between the pump device 100 and the controller device 200 in the

longitudinal direction during the attachment process. Similarly, the pump housing



110 can include a segmented rail 114a-b (FIG. 1) that mates with a guide channel

214a-b to direct the relative longitudinal motion between the pump device 100 and the

controller device 200. As described in more detail below, the segmented rails 114a-b

can interact with the release member 215 so as to releasably secure the pump device

100 into assembly with the controller device 200. In addition, the pump housing 110

can include an extension 113 (FIG. 1) that mates with a depression 213 (FIG. 5) in the

controller housing 210 when the pump device 100 is fully attached to the controller

device 200. It should be understood that, in other embodiments, other features or

connector devices can be used to facilitate the side-by-side mounting arrangement.

These other features or connector devices can include, for example, magnetic

attachment device, mating tongues and grooves, mounting protrusions that friction fit

into mating cavities, or the like. In some embodiments, the memory device 318 can

include a number of compatibility codes corresponding to these features and the

controller device 200 can detect those compatibility codes to ensure that the controller

device 200 and the pump device 100 will properly mate. In some embodiments, a

controller device 200 can indicate that a pump device 100 is not compatible if the

pump device does not include a suitable set of compatibility codes for controller

device 200.

Still referring to FIGS. 4-5, the pump device 100 and the controller device 200

can be attached in a manner that is resistant to migration of external contaminants

(e.g., water, dirt, and the like) both into the pump housing structure 110 and the

controller housing structure 210. For example, when the pump device 100 is

advanced in the longitudinal direction toward the controller device 200 (as guided by

the slider channel 112 and the segmented rails 114a-b), the electrical connector 118

(FIG. 5) of the pump device 100 is directed toward engagement with the mating

connector 218 (FIG. 4) of the controller device 200. When the connectors 118 and

218 join together to form the electrical connection, the gasket 140 is compressed

between the adjacent surfaces of the pump housing 110 and the controller housing

210. The gasket 140 thereby forms a water-resistant seal between the ambient

environment and the mated connectors 118 and 218. Accordingly, in particular

circumstances, the infusion pump system 10 can be assembled into a "water tight"

configuration that protects sensitive internal components from water migration in the

event that the user encounters water while wearing the pump system 10. In one



example, the gasket 140 can resist migration of water to the electrical connectors 118

and 218 even when the system 10 is submerged underwater (e.g., in a pool, in a bath,

or the like) for an extended period of time, such as at least 10 minutes, at least 30

minutes, at least one hour, at least two hours, and preferably at least four hours.

In addition, other paths for migration of external contaminants into the

assembled pump system 10 can be sealed. For example, the infusion pump system 10

can include one or more seals that are arranged to hinder migration of external

contaminants between the cap device 130 and the pump housing 110 into the cavity

116 of the pump device 100. In some embodiments, the seal 131 arranged between

the cap device 130 and the barrel 111 can provide an effective water-resistant seal

against water migration into the cavity. As such, the medicine cartridge 120 and

pump drive system (not shown in FIGS. 4-5) can be protected during operation.

Still referring to FIGS. 4-5, some embodiments of the infusion pump system

10 may employ a power source arranged in pump device 100 or the controller device

200 that draws upon surrounding air for optimum operation. Because the controller

device 200 and the pump device 100 may be sealed to resist water migration during

normal usage, a water-resistant vent instrument 145 can be used to provide the air to

the power source without permitting migration of water therethrough. For example,

the pump device 100 can contain a first power source 345 in the form of a zinc-air cell

battery (refer to FIGS. 17 and 18), which draws upon the surrounding air during

operation. When the pump device 100 is in use, the pump housing 110 can be sealed

to protect the internal drive system and medicine cartridge from water migration. As

such, the pump housing 110 can include a water-resistant vent instrument 145

disposed proximate to the first power source 345 (e.g., a zinc air cell battery) so that

some air may pass through the vent 145 and toward the first power source 345. The

water-resistant vent instrument 145 can include one or more layers of a material that

is permeable to air and resistant to passage of liquids such as water. For example, the

water-resistant vent instrument 145 can include one or more layers of a GORE-TEX

material to resist the migration of water into the pump device while permitting the

passage of air toward the battery.

Accordingly, the pump device 100 and the controller device 200 can be

mounted to one another so that the assembled system 10 is resistant to water

migration both into the pump housing structure 110 and the controller housing



structure 210. Such a configuration can also provide water-resistant protection for the

electrical connection between the pump device 100 and the controller device 200.

Thus, the sensitive internal components in the controller device 200 and the pump

device 100 can be reliably protected from water migration if the user encounters water

(e.g., rain, incidental splashing, and the like) while using the pump system 10.

Referring to FIGS. 6-8, the infusion pump system 10 can be configured to be

portable and can be wearable and concealable. For example, a user can conveniently

wear the infusion pump system 10 on the user's skin (e.g., skin adhesive) underneath

the user's clothing or carry the pump device 100 in the user's pocket (or other

portable location) while receiving the medicine dispensed from the pump device 100.

As described below in connection with FIGS. 17-18, the drive system of the pump

device 100 can be arranged in a compact manner so that the pump device 100 has a

reduced length. For example, in the circumstances in which the medicine cartridge

120 has a length of about 6 cm to about 7 cm (about 6.4 cm in one embodiment), the

overall length of the pump housing structure 110 (which contains medicine cartridge

and the drive system) can be about 7 cm to about 10 cm and about 7 cm to about 9 cm

(about 8.3 cm or less in some embodiments). In addition, the pump housing structure

110 can have an overall height of about 2 cm to about 4 cm (about 3.1 cm or less in

some embodiments) and an overall thickness of about 8 mm to about 20 mm (about

17.5 mm or less in one embodiment).

The pump system 10 is shown in FIG. 6 as being held in a user's hand 5 so as

to illustrate an exemplary size of the system 10 in accordance with some

embodiments. This embodiment of the infusion pump system 10 is compact so that

the user can wear the portable infusion pump system 10 (e.g., in the user's pocket,

connected to a belt clip, adhered to the user's skin, or the like) without the need for

carrying and operating a separate module. In such embodiments, the cap device 130

of the pump device 100 can be configured to mate with an infusion set 146. In

general, the infusion set 146 can be a tubing system that connects the infusion pump

system 10 to the tissue or vasculature of the user (e.g., to deliver medicine into the

tissue or vasculature under the user's skin). The infusion set 146 can include a

flexible tube 147 that extends from the pump device 100 to a subcutaneous cannula

149 retained by a skin adhesive patch 148 that secures the subcutaneous cannula 149

to the infusion site. The skin adhesive patch 148 can retain the infusion cannula 149



in fluid communication with the tissue or vasculature of the user so that the medicine

dispensed through the tube 147 passes through the cannula 149 and into the user's

body. The cap device 130 can provide fluid communication between the output end

122 (FIG. 1) of the medicine cartridge 120 and the tube 147 of the infusion set 146.

Referring to FIG. 7, in some embodiments, the infusion pump system 10 can

be pocket-sized so that the pump device 100 and controller device 200 can be worn in

the user's pocket 6 or in another portion of the user's clothing. In some

circumstances, the user may desire to wear the pump system 10 in a more discrete

manner. Accordingly, the user can pass the tube 147 from the pocket 6, under the

user's clothing, and to the infusion site where the adhesive patch 148 can be

positioned. As such, the pump system 10 can be used to delivery medicine to the

tissues or vasculature of the user in a portable, concealable, and discrete manner.

Referring to FIG. 8, in some embodiments, the infusion pump system 10 can

be configured to adhere to the user's skin 7 directly at the location in which the skin is

penetrated for medicine infusion. For example, a rear surface 102 (FIG. 3) of the

pump device 100 can include a skin adhesive patch so that the pump device 100 can

be physically adhered to the skin of the user at a particular location. In these

embodiments, the cap device 130 can have a configuration in which medicine passes

directly from the cap device 130 into an infusion cannula 149 that is penetrated into

the user's skin. In some examples, the user can temporarily detach the controller

device 200 (while the pump device 100 remains adhered to the skin 7) so as to view

and interact with the user interface 220.

Referring now to FIGS. 9-14, the infusion pump system 10 can be operated

such that the pump device 100 is a disposable, non-reusable component while the

controller device 200 is a reusable component. In these circumstances, the pump

device 100 may be configured as a "one-time-use" device that is discarded after the

medicine cartridge is emptied, expired, or otherwise exhausted. Thus, in some

embodiments, the pump device 100 can be designed to have an expected operational

life of about 1 day to about 30 days, about 1 day to about 20 days, about 1 to about 14

days, or about 1 day to about 7 days—depending on the volume of medicine in the

cartridge 120, the dispensation patterns that are selected for the individual user, and

other factors. For example, a medicine cartridge 120 containing insulin can have an

expected usage life about 7 days after the cartridge is removed from a refrigerated



state and the septum 121 is punctured. In some circumstances, the dispensation

pattern selected by the user can cause the insulin to be emptied from the medicine

cartridge 120 before the 7-day period. If the insulin is not emptied from the medicine

cartridge 120 after the 7-day period, the remaining insulin can become expired

sometime thereafter. In either case, the pump device 100 and the medicine cartridge

120 therein can be discarded after exhaustion of the medicine cartridge 120 (e.g., after

being emptied, expired, or otherwise not available for use).

The controller device 200, however, may be reused with subsequent new

pump devices 100' and new medicine cartridges 120'. As such, the control circuitry,

the user interface components, and other components that may have relatively higher

manufacturing costs can be reused over a longer period of time. For example, in

some embodiments, the controller device 200 can be designed to have an expected

operational life of about 1 year to about 7 years, about 2 years to about 6 years, or

about 3 years to about 5 years—depending on a number of factors including the usage

conditions for the individual user. Accordingly, the user can be permitted to reuse the

controller device 200 (which can include complex or valuable electronics) while

disposing of the relatively low-cost pump device 100 after each use. Such a pump

system 10 can provide enhanced user safety as a new pump device 100' (and drive

system therein) is employed with each new fluid cartridge 120. Although the pump

devices 100 may be disposable, a user can disconnect and reconnect a pump devices

100 multiple times before discarding the pump devices 100 when the medicine

cartridges 120 are empty.

Referring to FIGS. 11-12, the same controller device 200 can be reused with a

new pump device 100' having a new medicine cartridge 120' retained therein, and the

previously used pump device 100 can be discarded with the exhausted medicine

cartridge 120. The new pump device 100' (FIG. 11) can have a similar appearance,

form factor, and operation as the previously used pump device 100, and thus the new

pump device 100' can be readily attached to the controller device 200 for controlled

dispensation of medicine from the new medicine cartridge 120'. In some

embodiments, however, additional pump devices can be used having different

appearances, different form factors, and/or different operations. For example, in some

embodiments, a user can use the reusable controller with pump devices 100 including

different medications. In some embodiments, the user can prepare the new pump



device 100 for use with the controller device 200. For example, the user may insert

the new medicine cartridge 120' in the cavity 116 of the new pump device 100' and

then join the cap device 130 to the pump housing to retain the new medicine cartridge

120' therein (refer, for example, to FIG. 1). Although the tubing 147 of the infusion

set 146 is not shown in FIG. 11, it should be understood that the tubing 147 can be

attached to the cap device 130 prior to the cap device 130 being joined with the

housing 110. For example, a new infusion set 146 can be connected to the cap device

130 so that the tubing 147 can be primed (e.g., a selected function of the pump device

100 controlled by the controller device 200) before attaching the infusion set patch to

the user's skin. As shown in FIG. 11, the new medicine cartridge 120' may be filled

with medicine such that the plunger 125 is not viewable through the barrel 111.

Referring to FIGS. 13-14, the new pump device 100' can be removably

attached to the controller device 200 to assemble into the infusion pump system 10 for

delivery of medicine to the user. Before the pump device 100 is electrically

connected with the controller device 200, the user may prepare the new pump device

100' for use by pulling the removable tab 141 away from the pump housing 110. The

new pump device 100' can include the removable tab 141 to seal the battery in the

unused pump device 100' and thereby maintain the battery in a storage mode (refer,

for example, to FIG. 12 in which the removable tab 141 is arranged to cover an

internal face of the vent 115). As described in more detail below, when the new pump

device 100' is prepared for usage, the removable tab 141 can be pulled away from the

pump housing 110 (and away from the battery therein), which switches the battery

into an activation mode. Thus, the sheIf-life of the pump device 100' (prior to usage

with the controller device 200) may be extended by sealing the battery in a storage

mode because little, if any, energy is dissipated from the battery when in the storage

mode.

As previously described, the guided motion in the longitudinal direction 219

provides the user with a convenient "one -movement" process to attach the pump

device 100' and the controller device 200. For example, the user can readily slide the

pump device 100' and the controller device 200 toward one another in a single

movement (e.g., in the longitudinal direction) that causes both a physical connection

and an electrical connection. Thus, the infusion pump system 10 can permit users to

readily join the pump device 100' and the controller device 200 without compound or



otherwise difficult hand movements —a feature that can be beneficial to child users or

to elderly users.

Referring now to FIG. 15, the controller device 200 (shown in an exploded

view) houses a number of components that can be reused with a series of successive

pump devices 100. In particular, the controller device 200 can include control

circuitry 240 arranged in the controller housing 210 configured to communicate

control signals to the drive system of the pump device 100. In some embodiments,

the control circuitry 240 can include a main processor board 242 in communication

with a power supply board 244. The control circuitry 240 can include at least one

processor 243 that coordinates the electrical communication to and/or from the

controller device 200 (e.g., communication between the controller device 200 and the

pump device 100). The processor 243 can be arranged on the main processor board

242 along with a number of other electrical components, such as memory devices. It

should be understood that, although the main processor board 242 is depicted as a

printed circuit board, the main processor board can have other forms, including

multiple boards, a flexible circuit substrate, and other configurations that permit the

processor 243 to operate. The control circuitry 240 can be programmable, i.e., the

user may provide one or more instructions to adjust a number of settings for the

operation of the infusion pump system 10. Such settings may be stored in the

memory devices arranged in the control circuitry 240. Furthermore, the control

circuitry 240 can include one or more dedicated memory devices storing executable

software instructions for the processor 243. The control circuitry 240 can include

other components, such as sensors, that are electrically connected to the main

processor board 242. For example, at least a portion of the occlusion sensor 250 (not

shown in FIG. 15) can be electrically connected to the main processor board 242 via a

flexible circuit substrate and/or one or more wires.

Still referring to FIG. 15, the user interface 220 of the controller device 200

can include input components and/or output components, that are electrically

connected to the control circuitry 240. For example, the user interface 220 can

include a display device 222 having an active area that outputs information to a user

and four buttons 224a-d that receive input from the user. Here, the display device 222

can be used to communicate a number of settings or menu options for the infusion

pump system 10. In some embodiments, the control circuitry 240 can receive input



commands from a user's button selections and thereby cause the display device 222 to

output a number of menus or program screens that show particular settings and data

(e.g., review data that shows the medicine dispensing rate, the total amount of

medicine dispensed in a given time period, the amount of medicine scheduled to be

dispensed at a particular time or date, the approximate amount of medicine remaining

the cartridge 120, the amount of battery life remaining, or the like). As previously

described, the controller circuit 240 can be programmable to cause the controller

circuit 240 to change any one of a number of settings for the infusion pump system

100.

Some embodiments of the control circuitry 240 can include a cable connector

(e.g., a USB connection port or another data cable port) that is accessible on an

external portion of the controller housing 210. As such, a cable can be connected to

the control circuitry 240 to upload data or program settings to the controller circuit or

to download data from the control circuitry 240. For example, historical data of

medicine delivery can be downloaded from the control circuitry 240 (via the cable

connector) to a computer system of a physician or a user for purposes of analysis and

program adjustments. Optionally, the data cable can also provide recharging power.

In some embodiments, the pump device 100 can include a first power source

345 (refer to FIGS. 16-18) capable of transmitting electrical energy to the controller

device 200 when the pump device 100 is attached to the controller device 200. Such

energy transmission is described in more detail below. In some embodiments, the first

power source 345 can be maintained in a storage mode and then switched to an

activation mode when the pump device 100 is used to dispense medicine. The storage

mode can provide a long shelf life of storage for the first power source 345. For

example, when in storage mode, the first power source can retain a substantial portion

of its charge for a period of more than six months, more than one year, or more than

two years. As shown in FIGS. 12, 14, and 18, the first power source 345 can be

equipped with a removable tab 141 that seals the first power source 345 to maintain it

in the storage mode. Thus, when the pump device 100 is prepared for usage, the

removable tab 141 can be pulled away from the pump housing 110, which switches

the first power source into the activation mode. When the first power source 345 is

switched to the activation mode, the first power source 345 can dispense electrical

energy for a usage period in which the pump device is used. For example, in some



embodiments, the first power source 345 can provide electrical energy to other

components (e.g., the second power source 245) over a usage period of about one

week to about one month (e.g., about two weeks).

The first power source 345 can include a disposable and/or non-rechargeable

battery (e.g., a zinc-air cell). The first power source 345 can have a large volumetric

energy density compared to the second power source 245. For example, the first

power source 345 can be a zinc-air cell battery that has a volumetric energy density of

greater than about 900 Watt-hours/Liter (Wh/L), about 1000 Wh/L to about 1700

Wh/L, and about 1200 Wh/L to about 1600 Wh/L. Also, the zinc-air cell battery can

have a long storage life, as described above. One exemplary zinc-air cell battery is

available from Duracell Corporation of Bethel, CT, which can provide a potential

voltage of about 1.IV to about 1.6V (about 1.2V to about 1.4 V, and about 1.3 V in

one embodiment), a current output of about 8 mA to about 12 mA (about 10 mA in

one embodiment), and a storage capacity of greater than about 600 mA h (about 650

mA h in one embodiment).

Referring again to FIG. 15, the control circuitry 240 of the controller device

200 can include a second power source 245, which can be coupled to the power

supply board 244 of the control circuitry 240. The second power source 245 can be a

rechargeable energy source (e.g., a lithium polymer battery). The second power

source 245 can include a high current-output battery that is capable of discharging a

brief current burst to power, for example, a drive system of the pump device 100 and

can be capable of accepting and storing electrical energy over time (e.g., "trickle

charge"). For example, the second power source 245 can be charged with energy

supplied from the first power source 345. The hard-wired transmission of electrical

energy from the second power source 245 to the drive system 300 can occur through

the previously described connectors 118 and 218 (FIGS. 6-7). The second power

source 245 can receive electrical energy from a power source housed in the pump

device 100 (e.g., the first power source 345), from a plug-in wall charger, from a cable

connector (e.g., a USB connection port that is connected to the control circuitry 240),

or from another charging device (e.g., a charging cradle).

The second power source 245 can include a high current-output device that is

contained inside the controller housing 210. The second power source 245 can be

charged over a period of time (e.g., by a first power source 345) and can intermittently



deliver high-current bursts to the drive system 300 over brief moments of time. For

example, the second power source 245 can include a lithium-polymer battery. The

second power source 245 (e.g., lithium polymer battery) disposed in the controller

device 200 can have an initial current output that is greater than that of the first power

source 345 (e.g., zinc-air cell battery) disposed in the pump device 100, but the first

power source 345 can have an energy density that is greater than the second power

source 245 (e.g., the lithium polymer battery disposed in the controller device 200 can

have a volumetric energy density of less than about 600 Wh/L). In addition, the

second power source 245 (e.g., lithium-polymer battery) can be readily rechargeable,

which can permit the first power source 345 disposed in the pump device 100 to

provide electrical energy to the second power source 245 for purposes of recharging.

One exemplary lithium-polymer battery can provide a initial current output of about

greater than 80 mA (about 90 mA to about 110 mA, and about 100 niA in one

embodiment) and a maximum potential voltage of about 4.0V to 4.4V (about 4.2 V in

one embodiment). In other embodiments, it should be understood that the second

power source 245 can include a capacitor device capable of being recharged over time

and intermittently discharging a current burst to activate the drive system 300.

Additional embodiments of the power source 245 can include a combination of

batteries and capacitors.

Accordingly, the infusion pump system 10 can have two power sources 345

and 245—one arranged in the disposable pump device 100 and another arranged in

the reusable controller device 200— which can permit a user to continually operate

the controller device 200 without having to recharge a battery via a plug-in wall

charger or other cable. Because the controller device 200 can be reusable with a

number of pump devices 100 (e.g., attach the new pump device 100' after the previous

pump device 100 is expended and disposed), the second power source 245 in the

controller device can be recharged over a period of time, each time when a new pump

device 100 is connected thereto. Such a configuration can be advantageous in those

embodiments where the pump device 100 is configured to be a disposable, one-time-

use device that attaches to a reusable controller device 200. For example, in those

embodiments, the "disposable" pump devices 100 recharge the second power source

245 in the "reusable" controller device 200, thereby reducing or possibly eliminating



the need for separate recharging of the controller device 200 via a power cord plugged

into a wall outlet.

Referring now to FIG. 18, the pump device 100 can include the drive system

300 that is controlled by the removable controller device 200 (FIGS. 1-5).

Accordingly, the drive system 300 can accurately and incrementally dispense fluid

from the pump device 100 in a controlled manner. The drive system 300 can include

a flexible piston rod 370 that can be incrementally advanced toward the medicine

cartridge 120 so as to dispense the medicine from the pump device 100. At least a

portion of the drive system 300 can be mounted, to the pump housing 110. In some

embodiments, the pump housing 110 can include a chassis 107, a shell portion 108,

and a cover mount 109. The shell portion 108 can be used to cover at least a portion of

the drive system 300. For example, the shell 108 can include an inner curved surface

against which a curved section of a piston rod 370 rests. The cover mount 109 may

be assembled to the chassis 107 of the pump housing 110 to secure some components

of the drive system 300 in position between the cover mount 109 and the chassis 107.

When the cover mount 109 is assembled into place, the "unused" or retracted portion

of the piston rod 370 can rest in a channel defined in the top of the cover mount 109.

The shell portion 108 can slide over the cover mount 109 and join with the chassis

107 to form the assembled pump housing 110.

Some embodiments of the drive system 300 can include a battery powered

actuator (e.g., reversible motor 320 or the like) that resets a ratchet mechanism 330, a

spring device (not shown) that provides the driving force to the ratchet mechanism

330, and a drive wheel 360 that is rotated by the ratchet mechanism 330 to advance

the flexible piston rod 370 toward the medicine cartridge 120.

As shown in FIG. 18, the pump device 100 can include one or more motion

detectors coupled with the drive system 300 to provide feedback regarding the

operation of the drive system 300. For example, the pump device 100 can include a

first motion detector 302 configured as a limit switch that detects when a portion of

the ratchet mechanism has reached the limit of its travel and must thereafter stop

movement or reverse direction. In another example, the pump device 100 can include

a second motion detector 307 in the form of a mechanical error switch that indicates

whether components of the drive system 300 completed the desired motion for each

drive cycle.



Referring to FIG. 18, the pump device 100 can include a connector circuit 310

to facilitate the transfer of signals to and from the electrical connector 118. As

previously described, the electrical connector 118 of the pump device 100 can mate

with the connector 218 (FIG. 5) of the controller device 200 so that electrical

communication can occur between the pump device 100 and the controller device

200. The connector circuit 310 can include a generally non-complex circuit 310 that

does not include a processor or other relatively high-cost components. In some

embodiments, the connector circuit 310 can operate as a passageway for the control

signals (from the control circuitry 240 (FIG. 15) of the controller device 200) to

transmit to the drive system 300 (e.g., to the actuator 320). For example, the

reversible motor 320 may be connected to the connector circuit 310 via one or more

wires 304. The connector circuit 310 can also operate as a passageway for the

electrical power from the first battery 345 (FIG. 17) to pass to the controller device

200 for recharging of the second battery 245 (FIG. 15). For example, the first battery

345 can be connected to the connector circuit 310 via one or more power contacts

305. Furthermore, the connector circuit 310 can operate as a passageway for

feedback signals (e.g., from the motion detectors 302 and 307) to transmit to the

control circuitry 240 (FIG. 15) of the controller device 200. For example, the limit

switch 302 can be connected to the connector circuit 310 via one or more wires 306

(the one or more wires connecting the mechanical error switch 307 to the connector

circuit 310 are not shown in FIG. 18).

The connector circuit 310 in the pump device 100 can include a memory

device 318 that can store data regarding the pump device 100, its operational history,

and the user. The memory device 318 can include nonvolatile memory (e.g., a flash

memory chip), a Serial EEPROM powered by the power source in the controller

device 200, static RAM and a power source to allow the static RAM to retain the

stored data, or a combination thereof. The memory device 318 can be configured to

store data such as: a unique serial number designated for the pump device 100; a

manufacturer identifier code; a lot number code; a manufacturing date stamp; a model

number; compatibility codes used to ensure that the pump device 100, the controller

device 200, and the fluid cartridge 120 can work together; an energy requirement

profile for the drive system of the pump device; user profile information; an event log

including time and date stamped records of pump activations, user input, and/or



sensor input; data regarding the pump battery life (e.g., the power remaining in the

first power source 345); a drive cycle counter; an estimation of pump motor run time;

the type of medicine contained in the fluid cartridge 120; and an estimation of the

medicine remaining in the fluid cartridge 120. The data stored on the memory device

318 can be received by the controller device 200 or an external device for use by a

physician. In some embodiments, the controller device 200 can communicate with

the memory device 318 so as to write data onto the memory device 318. In some

embodiments, some data on the memory device 318 may be write protected as a

safety precaution.

In some embodiments, the memory device 318 can include data representing

an estimate of the amount of medicine remaining in the fluid cartridge 120. This data

can be used by the controller device 200 to alert a user as to how much medicine is

remaining in the pump device 100. The estimate can be determined by identifying the

cartridge capacity when the pump device 100 is first attached to the controller device

200 and subtracting an amount corresponding to the dose whenever the pump

actuates. In some embodiments, the controller device 200 may determine cartridge

capacity by a machine -readable indicia, by an optical, electrical, or mechanical feature

of the cartridge, or by user input or selection. In some embodiments, a manufacturer

may identify a fluid cartridge 120 capacity and a dose volume for each pump

actuation and record the fluid cartridge 120 capacity and the dose volume on the

memory device. During the use of the pump device 100, the controller device 200

can subtract a dose volume from the fluid cartridge 120 capacity for each pump

actuation and rewrite the new fluid cartridge 120 capacity to the memory device 318.

Accordingly, the controller device 200 can determine the remaining fluid cartridge

capacity for a pump device 100 that has been partially used, detached, and again

attached to the same or even a different controller device 200.

In some embodiments, the memory device 318 can include data indicating the

battery life of a battery in the pump device 100. As discussed above, the pump device

100 can include a first power source 345 (e.g., a zinc-air cell), which may be used to

charge the second power source 245 in the controller device 200. The first power

source 345 can be a non-rechargeable battery. In some embodiments, the memory

device 318 can store an indication of whether the battery life of first power source 345

in the pump device 100 is in a depleted or non-depleted state. The controller device



200 can determine if the first power source 345 is in a depleted state by detecting a

voltage output of the first power source 345. If the voltage output of the first power

source 345 falls below a threshold voltage (e.g., 0.6 V), the controller device 200 can

record an indication that the first power source 345 is depleted in the memory device

318. This can prevent the controller device 200 from attempting to charge the second

power source 245 within the controller device 200 with a depleted first power source

345 when a pump device 100 with a depleted first power source 345 is reattached to a

controller device 200. In some embodiments, the memory device 318 can include

data estimating the amount of battery life remaining for the first power source 345.

The controller device 200 can update this estimation by counting the number of

recharge operations, calculating an amount of self discharge from a self-discharge rate

for the first power source 345, which can also be recorded in the memory device 318,

and a time and date stamp for the first use of the pump device, for when tab 141 was

removed and/or a manufacturing date for the pump device.

In some embodiments, the memory device 318 can include data indicating a

medicinal fluid type, an unique serial number, a manufacturer identifier code, a

manufacturing lot code, a manufacturing date and/or time stamp, and a model number.

This data may be useful quality control information that remains with the pump

device 100 throughout its shelf-life and operational life. In some embodiments, this

data may be write protected. If, for example, a manufacturing error is identified for a

particular pump device 100, the unique serial number, the manufacturer identifier

code, the manufacturing lot code, the manufacturing date stamp, and/or the model

number can be used to promptly identify when and/or where the error occurred. A

manufacturing date and/or time stamp can also allow the controller device 200 to

identify expired medication. Furthermore, this information can also be used to allow

the controller device 200 to determine if the pump device 100 is compatible with the

controller device 200 or if the pump device 100 includes the correct medical fluid

cartridge 120 for the user.

In some cases, a user may want to administer different medical fluids at

different points in time with the same pump system 10. As an example, Symlin®

(pramlintide acetate) can be administered prior to eating to slow gastric emptying. In

some embodiments of the pump system 10, the user can enter in data (e.g., via the

user interface 220) about a meal prior to eating. After receiving data about the meal,



the pump system 10 can request that the user remove the existing pump device 100,

containing insulin for example, and replace it with pump device 100 containing

Symlin®. After checking certain data (e.g., that the new pump device 100 does

contain Symlin®, that there is Symlin® remaining, that the Symlin® is not expired, and

the like) , the pump system 10 can cause a bolus of Symlin® to be administered to the

user. Upon infusion of the Symlin®, the pump system 10 can request that the insulin

containing pump device 100 be re-attached.

Referring to FIG. 19, in some embodiments, the memory device 318 can

include data indicating an event log including time and date stamped records of pump

activations, user input, and/or sensor input. An visual representation of an event log

can be similar to that shown in FIG. 19. The event log can also record time and date

stamps for when a pump device was first used with a controller device 200 and/or for

each reattachment of the pump device 100 to the controller device 200. This data can

allow for the reconstruction of events if there is a pump failure or other adverse event.

This data can also be retrieved by a physician or counselor to help check compliance

with recommended dosages, diet protocols, and/or exercise regimes. Moreover, the

recorded data of a user's medical dosages and eating habits can enhance the ability of

the user or a medical practitioner to perform retrospective analysis and correction of

the medicine delivery profile.

In some embodiments, the memory device 318 can include compatibility

codes that can be used to ensure that the pump device 100, the controller device 200,

and the cartridge 120 can work together. For example, controller device 200 can be

adapted such that only a physician can program which medications the user is allowed

to receive and pump devices can include compatibility codes in the memory device

318 indicating whether the medication in the pump device is compatible with that

controller's settings. Furthermore, some pump devices may require an updated or

older controller (or that the controller includes include particular software) and the

compatibility codes can indicate to a controller that that particular pump device

should not be actuated by that controller.

Referring to FIG. 20, in some embodiments, the memory device 318 can

include data indicative of user profile information. For instance, the memory device

318 in the disposable pump device 100 can serve as a backup data system for the user

profile information that is originally stored in the controller device 200. Exemplary



user profile data can include a user's identifying information (e.g., name and/or social

security number), the types of medication that a user is allowed to take, the different

menu options available to the user, a user's physical characteristics (e.g., height,

weight, gender, and the like), a user's insulin sensitivity (e.g., the users blood glucose

to insulin ratio), how a user's blood glucose level responds to eating (e.g., blood

glucose to carbohydrate ratio), how a user's blood glucose level responds to increased

activity levels (e.g., blood glucose to activity ratio), treatment data (e.g., basal insulin

rates, schedules, and/or profile), and the like. For example, when a pump device 100

is used with a controller device 200 for the first time, the controller device 200 may

transfer a user profile to the memory device 318.

In some circumstances, the controller device 200 can initially interrogate the

memory 318 to determine if a pump device 100 already stores user profile data (e.g.,

stored as backup data when the pump device 100 was previously attached to another

controller device 200). If a pump device 100 is detached and reattached to the same

controller device 200, the controller device 200 can verify that the pump device 100 is

being for used the correct user by comparing the user profile data in the pump

memory 318 to the user profile data stored in the controller device 200. Furthermore,

if the user has two controller devices 200, the controller devices 200should have the

same user profile, thereby allowing the user to change controller devices 200.

Another feature of recording user profile data on the memory device 318 of

the pump device 100 is that the memory device 318 can serve as a backup of the user

profile in the case that the controller device 200 becomes inoperable or in the case

that the user misplaces the controller device 200. In some embodiments, the

controller device 200 can be configured such that only a physician can set some of the

user profile information (e.g., the types of medications allowed and/or the menu

options available to the user). This operation may facilitate that a user does not

misuse the medication, that the user knows how to control her blood glucose level

(e.g., as a user becomes more knowledgeable about her condition, how to control her

condition, and how the infusion pump system operates, a physician or practitioner can

allow the user access to more advanced features of the infusion pump system), and

verify that the controller device 200 does not dispense the wrong medication in the

case where the user obtained a pump device 100 containing the wrong medication.

The user profile information stored on the memory device 318 of a pump device 100



can allow a user to more quickly make a clone of the controller device 200, without

the need for access to the original controller device 200 and without the need to seek

out her physician to program a new controller device 200. Furthermore, some of the

information stored in the user profile can be information determined by the controller

device 200 during use with the user, as opposed to information programmed into the

controller by either the user or a physician or practitioner.

Anew controller device 200, when first attached to a pump device 100 having

a user profile recorded from an old controller device 200, can receive the user profile

information from the memory 318 of the pump device 100 and allow the user to make

a clone controller quickly and without the help of a physician or practitioner. In some

embodiments, as shown in FIG. 1, the user can review the user profile and accept or

reject some portions of the profile (e.g., if the user's weight has changed). In some

embodiments, some portions of the profile may be reviewed but not altered by the

user without the intervention of a physician or practitioner (e.g., the types of

medication allowed for the user or the menu options available to the user). In some

embodiments, data regarding the menu options available to the user can be stored as

user interface flags, which can be set at various levels (e.g., basic, intermediate, or

advanced) or can specifically indicate which menu options are available to the user.

In some embodiments, the controller device 200 may be configured to receive a user

profile from the pump memory 318 only once. For example, the controller device 200

that has been previously programmed with user profile information from the pump

memory 318 may thereafter ignore the user profile data when the pump device 100 is

attached or can confirm that the user profile data matches the data previously stored in

the controller device 200. In some embodiments, a new controller device 200 can

require the user to input data to confirm that the person in possession of the pump

device 100 and the new controller device 200 is the person associated with the user

profile. For example, the new controller device 200 can request that a user input a

security code or a portion of the user's social security number. If the user does not

input information that matches information recorded in the user profile, the new

controller device 200 can decline to be programmed by the user profile stored in the

memory device 318 of the pump device 100. In some embodiments, the new

controller device 200 can determine whether to store the user profile information on

the memory device 318 of the pump device 100 based on a time and date stamp of



when the user profile was uploaded. For example, an extended time period (e.g.,

about 6 months to about 12 months) from when the user profile was recorded on the

memory device 318 can indicate that the user profile might be inaccurate.

In some embodiments, not shown, an individually removable memory device

can be used to produce a user profile backup. For example, a flash memory device

having a USB connection can be attached to the controller device 200 to receive the

user profile information. The backup copy of the user profile information could then

be used to program a second controller device 200 if the first is damaged or

misplaced.

A date and time stamp of when the pump device 100 is first used can also

ensure that the medicine in the pump device is not expired. For example, this time

and data stamp for when the pump device 100 was first used can be associated with

when the user profile data was first transferred to the memory device 318. This could

identify the pump device to not only the first controller device 200 but also to

additional controller clones.

Furthermore, the data storage processes described herein can be implemented

on pump systems in which the controller device is not removable from the pump

device. For example, in some embodiments, the infusion system can include a pump

unit that houses the drive system, the control circuitry, the energy source, and the first

memory device (without a removable controller housing). In such circumstances, an

individually removable memory device can be used to produce a user profile backup.

For example, a flash memory device having a USB connection can be attached to the

pump unit to receive the user profile information from the control circuitry housed

therein. The backup copy of the user profile information could then be used to

program a second pump unit if the first is damaged or misplaced.

Referring now to FIG. 21, in some embodiments, the memory device 318 can

include a software program including machine executable instructions. The software

program can be a software update (e.g., a patch) for the controller operation software

stored in a memory device of the control circuitry 240 or an entirely new software

program for use with the controller device 200. The software program stored in the

memory device 318 can also include identifying information that would allow the

controller to determine whether the controller device 200 should receive, store, and/or

execute the software update (e.g., whether the controller device 200 already included



the software update or whether the software update is compatible with the particular

model of the controller device 200). In some embodiments, the controller device 200

can query the user regarding whether to receive, store, and/or execute the software

program. For example, the process of receiving and updating the software can require

excessive time or add features that the user may not desire. In some embodiments,

the software program stored in the memory device 318 can include an indication of

whether the user should be queried regarding whether to receive, store, and/or execute

the software program. Alternatively, the software program stored in the memory

device 318 can be automatically transmitted to the controller device 200 and executed

by the control circuitry 240 without any user interaction. In some embodiments, the

software program can update selected portions of machine executable instructions

stored in the memory devices of the control circuitry 240 according to the software

program transferred from the memory device 318 of the pump device 100.

In some embodiments, a manufacturer can include the software program (e.g.,

a software update or patch) on the memory device 318 for use with the controller

device 200 as a way of distributing a software update for the controller device 200.

The controller device 200 can then perform the update either by overwriting its main

program entirely with the new code, or by patching selected portions or subroutines

according to a list in the software program of the pump memory 318 . For example,

as shown in FIG. 21, a user can receive a new pump device 100 including the software

program and then releasably attach the new pump device 100 to their controller

device 200. The controller device 200 can communicate with the memory device 318

in the pump device 100 to thereafter determine whether the software update is needed

and/or compatible and, in some embodiments, query the user regarding whether to

receive, store, and/or execute the software program. The controller device 200 can

then transfer the software program to memory of the control circuitry 240 and execute

the software program now stored in the controller memory. In some embodiments,

the execution of the software program can reprogram the controller device 200. In

other embodiments, the software program can be executed to perform various

controller functions (e.g., to issue new user alerts, queries, or to allow for additional

user input). After the controller device 200 has been updated with the new software

program, the controller device 200 can then be used to perform medicine dispensing

operations. In other embodiments, a physician or other medical practitioner can allow



a user to update the software program on the controller device 200 by uploading a

software program to the memory device 318 in the pump device 100.

As previously described, the memory device 318 can include pump motor run

time or pump activation cycle count. This data can be used to limit use of the pump

device 100 when it has been determined that the pump device 100 has exceeded its

usable life. The drive cycle counter can also be useful for maintaining an accurate

estimate of the volume of medicine that remains in the medicine cartridge 120. For

example, the number of drive cycles that are required to incrementally advance the

plunger 125 and thereby dispense a full medicine cartridge 120 may be a

predetermined value (e.g., in some embodiments, 6,300 drive cycles result in full

dispensation of a new medicine cartridge). Accordingly, the drive cycle counter

stored in the memory device 318 can keep track of the number of drive cycles that

have occurred through the operational life of the pump device 100. Each time the

motor 320 completes a new drive cycle and incrementally advances the piston rod 370

to dispense some medicine, the controller device 200 can store an updated value for

the drive cycle counter stored in the memory device 318. When the updated value

stored in drive cycle counter stored in the memory device 318 approaches the

predetermined value, the controller device 200 can alert the user that the medicine

cartridge is approaching exhaustion. Furthermore, because the memory device 318 is

arranged in the pump device 100, the drive cycle counter stored in the memory device

318 remains local to the pump device 100. If the pump device 100 is temporarily

disconnected from the controller device 200 and then reconnected (or reconnected to a

different controller device 200), the controller device 200 can retrieve the value for

the drive cycle counter stored in the memory device 318 and promptly ascertain how

much medicine remains in the medicine cartridge 120.

In some embodiments, the memory device 318 can include a microcontroller.

For example, the memory device 318 can include an EEPROM device integrated on-

chip, and the microcontroller can be capable of running a communication protocol

between the controller device 200 and the pump device 100. The microcontroller can,

in some embodiments, multiplex signals from limit switches or other sensors required

to operate the pump mechanics and/or confirm a series of operations directed by the

controller. In some embodiments, the microcontroller can update the data stored on

the memory device 318 regarding, for example, the number of drive cycles. By



having the microprocessor update the data on the memory device 318, the number of

pin connectors between the pump device 100 and the controller device 200 can be

reduced.

Referring to FIG. 22, in some embodiments, the memory device 318 can

include a energy requirement profile for the drive system of the pump device 100. In

some embodiments, the infusion pump system 10 can include a pulse width

modulation (PWM) system for controlling the power delivery to the drive system 300.

The drive system 300 can define an energy requirement profile to perform a medicine

dispensing operation (e.g., a torque profile) and this energy requirement profile can be

stored on the memory device 318. For example, an energy requirement profile can be

similar to that shown in FIG. 22. As shown in FIG. 22, the PWM system can supply a

pattern pulses of energy (voltage) 410, of varying widths or with varying timing, to

provide a delivered energy profile 400 that correlates to the energy requirement

profile 470 (e.g., a torque profile) of the drive system 300. Different drive systems for

different pump device, however, can have different energy requirement profiles 470

(e.g., the different dashed lined profiles). Accordingly, by supplying an energy

requirement profile 470 in the memory device 318 in the pump device 100, the

controller device 200 can readily determine the appropriate pattern of pulses of

voltage to supply the drive system to provide the optimal amount of energy to the

drive system of that particular pump device 100.

For example, the energy requirement profile can be developed to optimize a

plurality of variables, such as power consumption, gear RPM, and the like and the

PMW system can be configured to provide a pattern of voltage pulses correlated to

the energy requirement profile from the second power source 245 (e.g., the lithium

polymer battery) to the drive system. In some embodiments, the torque profile can be

developed to maintain the motor 320 at a constant rate of rotation, in spite of changing

torque demands on the motor 320 (e.g., from the drive system 300). Maintaining the

motor 320 at a substantially constant rate of rotation can have the advantageous

qualities of reducing power consumption, reducing vibration, and/or increasing the

life of the motor 320.

In some embodiments, the controller device 200 can detect whether the drive

system 300 completes the medicine dispensing operation and adjust the delivered

energy profile to meet the energy requirement profile needed for the drive system.



The controller device 200 can store the delivered energy profile as an adjusted energy

requirement profile for that particular pump device 100. For example, an energy

requirement profile for a pump device can be stored in the memory device 318 in the

pump device. In cases where the controller device 200 adjusts the delivered energy

profile to meet the energy requirement profile needed for the drive system, the

controller device 200 can update the energy requirement profile stored on the memory

device 318 for subsequent medicine dispensing operations.

Referring to FIG. 22, a drive system can have varying energy requirement

profiles 410 (as shown in the dotted lines). This torque curve can represent the torque

that is estimated to maintain a constant RPM of the motor 320 when rotating in a first

rotational direction that advances the ratchet mechanism 330 to elongate the spring

device 350. This torque curve 400 can be a sum of, for example, the torque curve

associated with initial motor 320 startup, the torque curve associated with the no load

torque of the motor 320, the torque curve associated with the torque required to

elongate the spring device 350, and the torque curve associated with the mechanical

advantage that is achieved due to the connection of the ratchet mechanism 330 to the

gear system. While the torque curve 470 here is described as a sum of other torque

curves, the torque curve 470 could be determined from empirical data, for example by

testing one or more pump devices 100 to determine the actual torque at any given

time in a pump cycle required to keep the rate of rotation of the motor 320

substantially constant. In some embodiments, the torque curve 470 determined from a

sum of other torque curves could be recorded in the memory device 318 at the time of

manufacture of the pump device 100. In some embodiments, a manufacturer can test

the pump device 100 after manufacture to find the optimal torque curve 470 and

record that on the memory device 318. In other embodiments, a controller device 200

could determine the optimal torque curve for a particular pump device 100 and record

the torque curve on the memory device 318. In some embodiments, a tachometer can

be used to determine an optimum PWM profile for a particular pump device. In

embodiments having a brush DC motor, motor commutation can be used as a

tachometer surrogate. With a brushless motor the commutation signals are already in

digital form and these digital signals can be used as a tachometer signal by measuring

their frequency and/or period. It may also be possible to use the actuation period of

the drive (interval between limit switch actuations) to provide feedback to the PWM



controller to optimize the profile. For example, a PWM profile that provides more

power than necessary will result in a faster actuation time, while a PWM profile that

fails to provide the optimal amount of power can result in a sluggish actuation or even

fail to start the actuation process.

In some embodiments, the controller device 200 can detect a time period for

the drive system to complete a medicine dispensing operation and adjust the delivered

energy profile to meet the energy requirement profile needed for the drive system.

For example, a PWM profile that provides more energy than required can result in a

more rapid actuation of the pump device. If the controller device 200 detects that the

drive system completed the medicine dispensing operation in less time than a

predetermined actuation time, then the controller device 200 can downwardly adjust

the delivered energy profile. If the actuation takes more time than a predetermined

actuation time, the controller device 200 can upwardly adjust the delivered energy

profile. For example, a controller device 200 can correct a torque curve 470 initially

recorded in the memory device 318 using one of the torque curves 470 shown in FIG.

22 in dashed lines, by upwardly or downwardly adjusting the curve 470 to further

optimize the actuation of the drive system 300. In some embodiments, the controller

device 200 can store the delivered energy profile as an adjusted energy requirement

profile for the pump. For example, an energy requirement profile for a pump device

can be stored in the memory device 318 in the pump device. In cases where the

controller device 200 adjusts the delivered energy profile to meet the energy

requirement profile needed for the drive system, the controller device 200 can update

the energy requirement profile stored on the memory device 318 for subsequent

medicine dispensing operations. In some embodiments, the controller device 200 can

also detect whether the actuation of the pump actually begins and upwardly adjust the

delivered energy profile if the pump fails to start.

Referring to FIG. 23, a PWM controller system can work by supplying

intermittent, full-voltage, pulses of energy to supply a given amount of energy to a

device (e.g., the motor 320) during a period of time. In some embodiments of the

infusion pump system 10, the controller device 200 can supply a variable voltage to

the motor 320 to achieve a pre-determined torque curve (e.g., the continuous torque

curve 470 shown in FIG. 21) using a digital-to-analog (D/A) converter and a power

amplifier. In other embodiments, the system 10 can use a series of pulses, all at the



full output voltage (e.g., a PWM system) to simulate a continuous torque curve (e.g.,

torque curve 400) without the need for a D/A converter or power amplifier and

without the power loss associated with these components. One exemplary series of

PWM pulses is depicted by a PWM torque curve 400 in FIG. 22. Referring to FIG.

23, the continuous torque curve 400 has been superimposed on the PWM pattern 410.

When the torque demands on the motor 320 are low, the width of the delivered pulses

is decreased (as in pulses 412). As the torque demands on the motor increase, the

width of the delivered pulses is increased (as in pulses 414). Embodiments of the

system 10 that employ a technique for limiting the torque supplied by the motor 320

have the advantage of controlling the RPM of the motor 320, thus conserving energy

and reducing vibration associated with over-rewing of the motor 320.

In some embodiments of the system 10, the voltage received by the drive

system 300 from the second power source 245 can vary due to, for example, the

charge remaining in the second power source 245. However, as the output voltage of

the second power source 245 rises and falls, these pulse widths can be adjusted to

supply the necessary torque. In one embodiment, a scalar multiple can be applied to

the duration of the pulse width to correct for increased or decreased voltage. For

example, if the sampled supply voltage to the motor 320 is 3.2 V, instead of the 4V

rated output voltage, a scalar multiplier (e.g., 1.25) can be applied to the pulse width

to correct for the change in voltage. In the preceding embodiments of the PWM

system, the voltage of the pulses remained constant, while the width of the pulses

were adjusted to maintain the motor 320 at a constant RPM. It should be clear to one

skilled in the art that other embodiments of the pulse width modulation system could

employ other methods. In one alternate example, the pulse widths could be kept

constant, while the pauses in between the pulses could be increased or decreased to

simulate a pre-determined torque curve. In additional embodiments, the RPM of the

motor 320 could be monitored and the pulse widths could be adjusted based on the

RPM of the motor 320. In some embodiments, the controller and/or the pump device

100 can store a series of tables in memory for converting between a detected voltage

output and an adjustment to the pulse duration (pulse widths) and/or pulse frequency.

For example, a detected voltage output of between 3.4 V and 3.5 V can result in the

use of a particular table defining a particular PWM pattern for voltage outputs in that

range or a particular scalar multiplier adjustment to another PWM pattern stored in



memory. The use of tables for particular voltage outputs can reduce the number of

computations needed to adjust the PWM pattern for changes in voltage output.

A number of embodiments have been described. Nevertheless, it will be

understood that various modifications may be made without departing from the spirit

and scope of this disclosure. Accordingly, other embodiments are within the scope of

the following claims.



WHAT IS CLAIMED IS:

1. A wearable infusion pump system comprising:

a pump device defining a space to receive a medicine source, the pump device

including a drive system to dispense medicine from the pump device when the

medicine source is received in the space, the pump device including a memory device

storing user profile information;

a controller device removably attachable to the pump device, wherein when

the controller device is removably attached to the pump device the controller device

activates the drive system to dispense the medicine source, the controller device

receiving the user profile information to program the controller device for use with

the user.

2 . The system of claim 1, wherein the controller comprises a second memory

device storing user profile information and the user profile information stored on the

memory device in the pump device provides a backup storage for the user profile

information stored on the second memory device.

3. The system of claim 1, wherein the user profile information includes the types

of medicine that the user is permitted to use.

4 . The system of claim 1, wherein the controller device comprises a user

interface.

5. The system of claim 1, wherein the controller device is reusable.

6 . The system of claim 1, wherein the user profile information comprises the

user's identifying information.

7 . The system of claim 1, wherein the user profile information comprises the

user's physical characteristics.

8. The system of claim 1, wherein the user profile information comprises at least

one the user's blood glucose to insulin ratio, the user's blood glucose to carbohydrate



ratio, the user's blood glucose to activity ratio, or the user's basal insulin delivery

schedule or profile.

9 . The system of claim 1, wherein the pump device is non-reusable and

disposable.

10. A method of programming a infusion pump system, the method comprising:

recording user profile information onto a memory device within a pump

device, the pump device having medicine and a drive system to dispense the medicine

from the pump device; and

transmitting the user profile information from the memory device to a reusable

controller device once the controller device is removably attached to the pump device.

11. The method of claim 10, wherein the controller device is enabled to record

data on the memory device once the controller device is removably attached to the

pump device.

12. The method of claim 10, wherein the controller device is a second controller

device; wherein recording the user profile information onto the memory device

of the pump system includes

(a) removable attaching the pump device to a first controller device

including the user profile information,

(b) transferring the user profile information onto the memory device, and

(c) detaching the pump device from the first controller device.

13. The method of claim 10, wherein the user profile information includes

information entered by a physician or counselor.

14. The method of claim 10, wherein the user profile information includes the

types of medicine that the user is permitted to use.

15. The method of claim 10, wherein the controller device comprises a user

interface.



1 16. The method of claim 10, wherein the pump device is non-reusable and

2 disposable.

1 17. The method of claim 10, wherein the user profile information comprises the

2 user's identifying information.

1 18. The method of claim 10, wherein the user profile information comprises the

2 user's physical characteristics.

1 19. The method of claim 5, wherein the user profile information comprises at

2 least one the user's blood glucose to insulin ratio, the user's blood glucose to

3 carbohydrate ratio, the user's blood glucose to activity ratio, or the user's basal insulin

4 delivery schedule or profile.

1 20. A method of programming a infusion pump system, the method comprising:

2 removably attaching a first reusable controller device to a disposable pump

3 device, the first controller device comprising a first memory device comprising user

4 profile information, the pump device having medicine and a drive system to dispense

5 the medicine from the pump device, the pump device comprising a pump memory

6 device, wherein the first reusable controller device transmits the user profile

7 information from the first memory device to the pump memory device;

8 detaching the pump device from the first reusable controller device; and

9 removably attaching the pump device to a second reusable controller device,

Io wherein the second controller device receives the user profile information from the

I1 pump memory device.

1 21. A medicinal fluid supply system comprising:

2 a drive system to dispense a medicine from a portable infusion pump unit;

3 control circuitry to communicate electronic control signals to the drive system;

4 an energy source electrically connected to the control circuitry, wherein the

5 drive system is powered by the electrical energy stored in the rechargeable power

6 supply;

7 a first memory device comprising user profile information; and



a second memory device comprising the user profile information.

22. The system of claim 21, wherein the controller device is removably attachable

to the pump device.

23. A wearable infusion pump system comprising:

a pump device defining a space to receive a medicine source, the pump device

including a drive system to dispense medicine from the pump device when the

medicine source is received in the space, the pump device including a first memory

device storing a software program including machine executable instructions;

a controller device removably attachable to the pump device, wherein when

the controller device is removably attached to the pump device, the controller device

activates the drive system to dispense the medicine source, the controller device

receiving at least a portion of the software program from the first memory device and

storing the software program on a second memory device of the controller device.

24. The wearable infusion pump system of claim 23, wherein the controller device

executes the machine executable instructions of the software program to update a

controller operation software stored by the controller device.

25. The wearable infusion pump system of claim 23, wherein the pump device

comprises a disposable and non-reusable pump device and the controller device

comprises a reusable controller device that includes a user interface.
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