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ABSTRACT

A system for pairing a controller and an infusion pump is disclosed. The system includes an
infusion pump, a controller device and a user interface residing on both the infusion pump
and the controller. The user interface includes a pairing mode for enabling wireless
communication between the infusion pump and the controller device, wherein the user
interface requires both the infusion pump and the controller to be in the pairing mode
simultaneously. Also, a method of changing a power source in a fusion pump is disclosed.
The method includes placing the infusion pump in idle mode wherein the infusion pump
stops delivery. Removing the first power source from the infusion pump. Replacing the first
power source with a second power source in the infusion pump, and maintaining the insulin

on board during the changing of the first power source with the second power source.
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METHODS AND SYSTEMS FOR CONTROLLING AN INFUSION PUMP

TECHNICAL FIELD
The present invention relates 1o infusion pumps snd move particolarly, 1o methods
and systems for congrolling an infusion pap.

BACKGRQUND INFORMATION

Many potentially valuablé medicines or compounds, inclading biologicals, aré not
orally active due to poor absorption, hepatic metabolism or other pharmacokinetic factors.
Additionally, some therapentic compounds, sithongh they mny be orally absorbed, are
sometimes required o be adminisiered so ofien it is difficult for a patient to maintain the
desired schedule. In these cases, parenteval delivery is often employed or could be
smployed.

Efféctive parentersl routes of drug delivery, as well'as offter fhuids and compounds,
such as subcutaneous injection, intramuscular injection, and intravencus (1V) administration
include puncture of the skin with o needle or stylet. Insulin is an example of a therapeutic
Auid that is selfinjected by millions of people living with diabetes. Users of parenterally
delivered drups may benefit from a- wearsble device that would: amomatically deliver
needed drugs/compumds over & period of time.

To this end, there have been efforts 16 design portable amd wearable devices for the
controlled release of therapentics. Such devices are known 10 have a reservoir such as 8

cartridge, syringe, or bag, and to be elecivonically controlied. These devices suffer from a
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famber of drawbacks, Reducing the size, weight and cost of these devices is also an
ongoing challenge.

Additionally, many of these devices require frequent snd direct interaction between
the device and the user, or the device and a caregiver. Thus, in these cases, it is oflen
desired that the device be wom clipped to clothing or a belt, or in a pocket, thus beiug
accessible in any situation. However, this is not always practical or possible. Thus, there is
a desire for a device that raay be controlled by a remote device such that the user or
caregiver does not require frequent direct interaction.

Farther, safefy is an ongoing concern with any medical device, Thus, systems and

methods that hapart added safety to the user are desired.

SUMMARY

In aecordance with one aspect of the presem invension, # system for pairing a
controlier and ag infusion purmp is disclosed. The system includes an minsion prap, a.
controlier device and a user interfhoe residing on both the infusion pump and the controller.
The user interface incledes a pairing wmode for enabling wireless commumication between
ihe infusion pump and the controller device, wherein the user interface requires both the
infusion pump and the controller 1o be in the pairing mode simulianeously.

Some embodinments of this aspect of the present invention may inchude one or niore
of the following. Where (he controler inchudes = display, Where the infusion pump
includes a disptay, Where both the controfler and the nfysion pump inchude a display.
Where the pairing mode further includes a imeout feature, wherein the patring mode will
timeout if the pairiag is not completed within a predetennined time, Where the pairing
mode further inclides an indicstor to indicate the user interfice has found a device in which
to pair, the indicator comprising a serial nuraber. Where the pairing mode requives the
wfusion punp and the controller io be set io the same glacose units.

In accordance with one aspect of the present invention, 8 method of changing a
pm%rer source in an infuston pump is disclosed. The method includes placing the infusion
pump in idle mode wherein the infusion pump stops delivery. Removing the first power
source [rom the infasion pump. Replacing the fivst power source with a second power
source i the infusion pump, and manstaining the insulin on board during the changing of
the {irs power source with the second power source,

Some embodiments of this aspect of the present invention may inchude oue or more

of the following., Where the method further includes sending a notificotion when the time:
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between the {irst power souice being removed and the second power soures being replaced
exceeds a threshold.

{n accardance with one aspect of the present invention, a system for determining the
internal temperature of an infusion punyy. The system includes an infusion pumyp, the
infusion pump including a temperature seasor. The lomperature sensor located such that it
may determine (he internal temperature of the infusion pump and send information o a
processor in the infusion pump. When the temperature either exceeds a predeiennined
maxinunn threshold, or falls below a predetermined minimum threshold, the infusion pump
notifies the user.

These aspects of the invention are not meant to be exclusive and other features,
aspects, and advantages of the present invention will be readily apparent to those of
ovdinary skill in the art when read in conjanction with the appended claims and

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features.and advantages of the present invention will be beuer
understood by reading the following detailed description, taken topether with the drawings
wherein:

FIGS. 1A~1B gre [ront and back isometric views of one embaodinent of an infusion
puinp assembly;

FIGS. 1C-1E ave side and fromt views of one embodiment of an infusion pump
gssembly of FIG, 1;

FIG. 1F is a front isometric view of one embodiment of an infission pump asseinbly
of FIG. 1;

FIGS. 2A-2D are varlous view of an exemplary embodiment of an infusion pump
assembly;

FIG. 3 15 an ilustrative view of one embodiment of a remote conroller or
companion assembly;

FIG. 4 i a diagrammatic view of the infusion pump assembly of FIG. I}

FIGS. 3A-5C shows exemplary embediments of select Time and Date Wizard
screens according (o one embodinment;

FIG. 6 shows as exemplary embodiment of the Cancel Changes Confirmation

Sgreen;
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FIGS. 7A-7C shows an ‘exeinplaiy smbodiment of at least a selection of the pair
device screens;

FIGS, 8A-8B shows an exemplary embodiment of at least a selection of the insulin
profile screens;

FIGS. 9A-9B shows an exemplary embodiment of at Jeast a selection of the display
screens;

FIGS. 10A-10E shows an exemplary exibodiment of at least a Selection of the home
SCresns,

FIGS. 11A-11B shows an exemplary embodiment of at least a selection of 1U
DROP screens;

FIG. 12 shows an exemplary smbodiment of at least a selection of LOCKED
ITEMS screens;

FIGS. 13A-13B shows an cxemplary embodiment: of at least a selection of
WARNING sereens;

FIGS. 14A-14B shows an exemplay embodiment of af least a selection of
Companion WARNING screens;

FIG. 15 shows an exemplary embodiment of at least a selection of Companion
Temporary Lockout;

FIG. 16 shows an exemplary embodiment of at least a selection of Radio screens;

FIG. 17 shows an exemplary embodiment of at least one aleri, reminder and
recoverable screens;

FIGS. 18A-18B shows an exemplary embodiment of at least a selection of
REMINDER and SET SLEEP TIME screens according to an exemplary embodiment;

FIGS. 19A-19E shows éxeniplary embodinents of at least a selection of ALARM
screens;

FIGS. 20A-201 shows exemplary embodiments of at least a selection of ALERT
sCreens;

FIGS. 21A-21B show exemplary embodiments of at least a selection of
REMINDER screens;

FIG. 22 shows an exemplary embodiment of at leasi o selection of screens for setting
the Frequency of a SITE CHANGE Care Comment;

FIGS. 23A-23B, show exenmplary embodiments of at least a selection of BOLUS
SCTeens;

FIGS. 24A-24D shows exemplary- embodiments of st least ¢ selection of
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WARNING and CONFIRM seresits:

FIG. 25 shows an exemplary embodiment of af least 8 selegtion of HISTORY
screens;

FIG. 26 shows an exemplary embodiment of at least a selection of REPORTS
screens;

FI. 27 shows an exemplary embodiment of at least a selection of DIARY screens;

FIG. 28 shows an exemplary embodiment of at least & selection of DAILY
THERAPY screens;

FIGS. 29A-29B shows an exemplary embodiment of at least z selection of EVENT
SUMMARY screens:

FIG. 30 shows an exemplary embodiment of at least a selection of ALARM
SUMMARY screens;

FIG. 31 shows an exemplary embodiment of af least a selection of SEND DIARY
screens;

FI1G. 32 shows an exemplary embodiment of af Jeast a selection of screens related 0
the PC Connection;

FIG. 33 shows an exemplary embodiment of at least a selection of screens velated {o
the diary log transfer o a PC; and

FIGS. 34A-34D shows an exemplary embodimenit of at least & selection of screens

related (o the digry log transfer to a PC.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Definitions
As used in this description and the sccompanying claims, the following terms shall

have the meanings indicated, unlesy the context otherwise requires:

A “device” shall mean g medical devite, which includes, bui is not limiicd o, an
infusion. pump andfor a controiler, ie., a device for wirgless contral of another medical
device. In some embodiments, the word “device” is used interchangeably witly “purap™,
“infaston pump” and/or “conwoller” and/or “Companion™ snd/or “remote controller devics™

and/or “remote controller assembly”,
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A “Companion” shall mean a'device for wireless control of another medical device.
In the exemplary embodiments, the Companion may also inclade 8 ghucose meler/ strip

reader.

An “input™ of u device inchudes say mechanism by which a. user of the device or
other operatoricaregiver may control a fonction of the device. User inputs way include
mechanical arrangements (e.p., swiiches, pushbuttons, jogwheel(s)), elecirical arrangements
{e.g., a shider, touch screen), wireless interfaces for communication with a remote controller
{e.g, RF, infrared), acoustic interfaces {e.g., with speech recognition), computer nerwork

interfaces {e.g., USH port), and other types of interfaces.

A “button” in the context of an nput such as the so-calied “bolus bulton”™ discussed
below may be any tvpe of user input capable of performing a desired function, and is not

limited to a pushbutton, g shder, switch, fouch screen of ajop wheel.

An “alarar” includes any mechapism by which an alert may be generated to & user or
third party. Alaoms may include gudible alarms {e.g., s speaker, 3 buzeer, 3 speech
generator), visual alarms {e.g, an LED, an LCD screen), tactile alarms (e.g., a vibrating
element), wireless signals (0.g., 2 wireless ransmission to a remole c-onimller or caretaker),
or other mechanism. Alarus may be generated using multiple mechanisms sinultancously,
concurtently, or in a sequence, inclading redundant mechanisms {e.g., two different sudio
alarms) or complementary mechanisms (e.g., an apdio alarm, a tactile alavm, and a wireless

alarm).

“Fluid” shall mean a substance, a lquid for example, that is capable of flowing

through a flow line.

A “yser” includes a person or animal who receives fluid from a fluid delivery
device, whether as part of a medical reathient or ofherwise, of a caregiver or third party
involved in progravuming the device or otherwise interacting with the deviee to infuse fhid

0 another.

“Camuia” shall mean a disposable device copable of infusing fluid to a user. A

cannula as used herein may refer to # tradiional capnala or to a veedle.



10

15

6

30

CA 02930689 2016-05-20

“Digposable” refers 1o 8 pad, device, portion or other that is iatended {o be used for
a fixed duration of time, then disearded and replaced.

“Reusable” refers to a portion that 1s imtended to have an open-ended duwsation of
Use,

“Acoustic volume measurement” shalf mean quantitative measurement of a relevant
volume nsing acoustical techniques such as described in U.S. Palent Nos. §349852 and
5,641,892,

A “temperafiure sensor” inclades sny wechanism for measuring tempersture and
communicating temperature information to a controller or o a4 pump processor. The
devices describad hergin may include one or more femperature sensors for nyeasuring such
things as including, but not limited to, one or more of the following: skin temperature, AVS

temperature, ambient temperature, internal temperature and fluid tepiperatures.

An exemplary use of embodiments of the devices, miethods and systems describiad
tee is for the delivery of insulin to people living with diabetes, but other uses inclade
delivery of any Buid, as described above. Fhiids include analgesics to those i pain,
chemotherapy to cancer patienis and enzymes to patienss with metabolic disorders. Various
therapeutic fluids may include small molecules, natural producss, peptide, proteins, mucleic
acids, carbohydrates, nanoparticulate suspensions, and associsied phamwaceutcally
acceptable cardier molecules. Therapemically active molecules may be modified to improve
stability in the device {e.g., by pegylation of peptides ov proteins). Although illusirative .
embodiments hevein describe drug-delivery applications, embodiments may be used for
other spplications including Hquid dispensing of reagenis for high throughput analytical
measurements such s lab-on-chip applications and capillary chromatography. For purposes
of description below, texms “therapeutic™, “iosulin™ or “fluld” are used imerchanpeably,
however, in other embodiments, any fluid, as described above, may be used.  Thus, the

device and deseription included hergin are not lindited 10 nse with therapeutics.

Some embodiments of the fluid delivery device are adapted for use by people living

-with diabeles andfor their caregivers. Thus, in these embodimenis, the devices, methods
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and systems work {o delivers insulin which supplements or replaces the action of the person
living with diabetes’ (referred to as the user) pancreatic islet beta cells. Embodiments
adapted for insulin delivery seek to mimic the action of the pancreas by providing both a
basal level of fluid delivery as well as bolus levels of delivery. Basal levels, bolus levels
and timing may be set by the user or a caregiver by using & wireless handheld vser interface
or directly by using a pump. Additionsily, basal and/or bolus levels may be triggered or
adjusted in response to the output of a glucose meler, which in the exemplary embodiments,
is mntegral to the controller. In other embodiments, the controller additionally mcludes a
glucose monitoring device which receives data from a blood glucose sensor. In some
embodiments, a bolus may be iriggered by g user using a designated button or other input
means located on a device, Le., on the controller and/or on an infusion pump. In still other
embodiments, the bolus or basal may be programmed or sdministered through a user

interface located either on the fluid delivery device/infusion pump and/or on the controlier.

With respect to the names given (o screens and types of screens, as wel as proper

aames given to variows features, throaghout varions embodiments, these terms may vary,

The sysiems and methods described herein may be used to control an infusion pump,
For purposes of this description, the vanious embodiments of the uger ifterface and ihe
infusion pump may be described with reference to an insulin pamp, or a pump which
infoses fusulin. However, it should be wnderstood that the wser interface may be on an
infusion pump andfor on a controller. Additionally, where the descriplion periains to au
infusion pump “screen”, this “screen”™ may giso appear on a controHer, or may appear on 8
controlier in licw of a punap.  Infusion pumps contemplated by this description include a
pump which may pump any fluid, inctading, but not limited to, a therapeutic ftuid, which
includes, Lut is not lmited 1o, insutin. Thus, whets this description describes the exemplary
embodiment as pertaining to insafin, this is meant merely for descriptive purpose only as the
device is not intended to be limited to insulin. Other fluids sre also contemplated.

The infusion pump may be any infusion pump, for example, bui not limited to, the
pump devices showen and described with respect o FIGS. TA-1F and 2A-2D, and inclade,
but are not limited to, those described in U.S. Publication No. US-2007-0228071, published
on October 4, 2007 entitted Fluid Delivery Systems and Methiod: U.S. Publication No. US-
2007-0219496, published on September 20, 2007 entitled Pumping Flaid Delivery Sysiems
and Methods Using Force Application Asserably; U.S. Pablication No. US-2007-0219480,
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published on September 20, 2007 entitled Paich-Sized Fluid Delivery Systems and
Methods; U.S. Publication No, US-200740219597, published on September 20, 2007
entitled Adhesive and Periphers] Systems and Methods for Medical Devices; 11.S. Patent
Application Serial No, 12/347,985, filed December 31, 2008 and entitled Infusion Pump
Assembly, US. Patent Application Serial No. 12/347,982, [ed December 31, 2008 and
entitled Wearable Pump Assewbly, US. Patent Application Serial No. 12/347 981, filed
December 31, 2008 and entitled Infusion Pump Assembly; US. Patent No. 7,306,578,
issued on December 11, 2007 and entitled Loading Mechanism for Infusion Pump: U.S.
Patent Application Serial No. 127245891, filed October 10, 2008 and entitled Infusion
Punip Assembly; US. Patent Application Serial No. 12/249,882, filed October 10, 2008 and
emtitled Infusion Pump Assembly; U.S. Patent Application Serial No. 12/249,636, filed
QOctober 10, 2008 and entitled Sysiem snd Method for Adminisieting an Infusible Floid;
U.S. Patent Application Serial No. 12249621, filed October 10, 2668 and entitled
Occlusion Detaction System and Method; U.S. Patent Application Serial No. 12/249.600,
filed October 10, 2008 and entitled Malti-Language/Multi-Processor Infusion Pump
Assembly; U.S. Patent Application Serial No. 12/249,540, filed October 10, 2008 and
entitled An Infusion Pump Assembly with 3 Backup Power Supply; and U.S. Patent
Application Serial No. 12/249496, filed October 10, 2008 and entitled Purap Assembly
with a Removable Cover Assembly.

In the exemplary embodiment, the infusion pump clades hardware for
wircless RF communication with a controller, - However, in various embodiments, the
infusion pump may be any mfusion pump. Referting 1o FIGS. 1A-1F and 2A-2D, in some
exemplary embodiments, the infusion pump may inclade a display assembly 104, however,
in other exemplary embodiments, such ag those shown in FIGS. 24-2D, the infusion pump
may not include a display assembly. 1n these embodiments, a display assembly which may
be similar fo the one shown in FIGS. 1A, 1D and 1F, or may be luger or smaller, is
included on a coutroller or compsnion device. An embodiment of the controller or
corpanion device is shown in FIG. 3,

Referring to FIGS, 1A-1F, an embodiment an infusion pump assembly 100 that may
be honsed within enclosure assembly 102 15 shown. Infusion purisp assembly 100- mag
include « display system 104 that may be visible throvgh the enclosure assembly 102. One
or more switch assexablies / inpus devices 106, 108, 110 may be positioned about vatious
portions of the enclosure assembly 102. The enclosure assembly 102 may include infusion

port assembly 112 to which cannula assembly 114 may be releasably coupled. A removabile
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cover asseinbly 116 may allow aceess to a power supply cavity 18 {shown jn phanton: on
FIG. 1D).

Referring 1o the infusion pump gssemblies shown in FIG, 1A-{F, infusion pump
assermbly 100 may include processing logic (not shown) that executes one or more
processes that may be required for infusion pamp assembly 100 o operate properly.
Pracessing logic may include one or move microprocessors {not shown), one or move input /
output conirollers (not shown), and cache wemery devices (not shown). One or more data
buses and/or memory buses may be used to isterconnect processing logic with one or more
subsystems. Te some embodiments, at feast one of the subsystems shown in FIG. 4 1s also
included in the embodiment of the infusion pump assembly 280 shown in FIGS. 2A-2D.

The various embodiment of the infusion pump shown in FIGS. 2A-2D isclude those
described in U.S. Patent No. 5,575,310, issued Noverber 19, 1996 and entitled Flow
Control System with Volume-Measuring System Using a Resonatable Mass; and U.S.
Patent No. 5,733,683, issued May 26, 1998 and entitled Cassetie for fnsravenous-Line
Flow-Control System both of which are assigned to DEKA Producis Limiied Partoership, as
well as U.S. Patent Application Publication No. US-2007-0228071, published on October 4,
2007 and entided Fluid Delivery Systems and Methods; U8, Patent Application Publication
No. US-2007-0219496, published on September 20, 2007 and entitled Pumping Fluid
Delivery Systems and Methods Using Force Application Assenibly; U.S. Patent Application
Pablication No. US-2007-0219480, published on Sepiember 20, 2007 and entitled Paich~
Sized Flaid Delivery Systems aud Methods; U.S. Patent Application Publication Neo. US-
2007-0219597, published on September 20, 2007 and entitted Adhesive and Peripheral
Svstemss and Methods for Medical Devices; und U.S. Paient Application Senal No.

124347 985, filed December 31, 2008 and entitled Infusion Pump Assembly.

Referring to FIGS. 2A-2D, infusion pump assembly 200 may include a reusable
housing assembly 202, Reesable housing assembly 204 may be constructed from any
suitable waierdal, such as 8 hard or vigid plastic, that will resisi compression. For example,
use of durable materials and parts may improve quality and reduce costs by providing &
reusable portion that lasts longer and is more durable, providing greater protection to
components disposed therein.

Reusable housing assembly 204 may inchide & mechanical control sssembly (not
shown) having a pump assembly and at lzast one valve assembly. The reussble housing

assembly 204 may also include an elecirical conirol assembly configured to provide one or

mote control signals to the mechasical control assembly and effecinate the basal sad/ or
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bolus delivery of an infusible fluid to a usée. Disposable housing assembly 202 may include
at least one valve assembly which may be configired 10 control the flow of the infusible
fhiid thwough a fluid path. Reusable housing assembly 204 may also include a pump
assembly which may be contigured fo pump the infusible fiuid from the fluid path fo the
user.

An electrical control assembly may be housed in the reusable housing assembly 204
and ‘may monitor and control the amount of infusible fluid that has been andfor is being
pumped. For example, elecirical control assembly may receive signals from a volume
sensor assembly and catculate the amount of infusible fuid thai has just been dispensed and
determine, based upon the dosage required by the user, whether enough infusible fluid has
bheen dispensed.  1f enouph infusible flnid bas not been dispensed, electrical control
assembly my defermine that more infusible fwid should be pumped. Electrical control
asseanbly may provide the appropriate signal to mechanical control assembly so that any
additional necessary dosage may be pumped or electrical control assembly may provide the
appropriate signal fo mechanical control assembly so that the addittonal dosage may be
dispensed with the nexi dosage. Allernatively, if too much infusible fluid has been
dispensed, electrical contvol assembly may provide the appropriate signal to mechanical
coutrol assembly so that fess infusible fluid may be dispensed in the next dosage.

The mechanical control assembly may include st least one shape-memory actuator.
The ponyp assembly andior valve assembly of the mechantcal control assembly may be
actuated by at feast one shape-memory actuator, ¢.g., shape-memory actaator, which may be
a shape-memory wire in wire or spring configuration. Shape memory actuator may be
operably connected to snd activated by an electrical control assembly, which may control
the timing and the amownt of heat andior electrical energy used to actunte mecharical
control assembly. Shape memory actualor may be, for exawple, a conductive shape-
memory alloy wire that changes shape with temperalure. The temperature of shape-memory
actuator may be changed with a heater, or more conveniently, by application of clectrical
energy. Shape memory actasior may be a shape memory wire constructed of nickel/titanfym
alloy, such as NITINOL™ or FLEXINOL®.

Tnfusion pump assembly 200 may include a vohime sensor assembly configured 0
monitor the amount of fleid infused by infusion pump sssembly. For example, the volume
sensor assembly may employ, for example, acoustic volume sensing using acoustic volume
measurement technology, incfuding, bul not limited to, technologies described in the

following references: TS, Patemt Nos. 5575310 and 5,755,683 assigned 1o DEKA
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Prwiducts Limited Parftiership, as well as U.S. patent application Publication Nos. US
2007/0228071 A1, US 2007/0219496 A1, US 2007/0219480 AL, US 2007/0219597 Al.
Other glternative techniques

for measwring fluid Bow may also be used; for example, Doppler-based methods; the use of
Hall-effect sensors i combination with ¢ vane or {lapper valve; the use of a sirain beam (for
example, related to a Bexible meniber over a Duid reservoir to sense deflection of the
flexible member); the use of capacitive sensing with plates; or thermal time of flight
methods. One such alternative technique is disclosed in U.S. Publication No. U8-2007-
02280671, published on October 4, 2007 entitled Fluid Delivery Systems and Methods.

Infusion pump assembly 200 may
be configured so that the volume msasureents producsd by the volume ssusor assembly
may be used io control, through g feedback loop, the amount of infusible fluid that is
infused into the user,

Infusion pump assembly 200 may further inchude a disposable housing assembly
202, For exampte, disposable housing assembly 202 may be configured for a single use or
for use for a specified period of time, e.g., three days or any other amowst of time.
Disposable housing assembly 262 may be configured such that any components in infusion
pump assembly 206} that come in contact with the infusible fluid are disposed on andfor
within disposable housing assembly 202. For example, o Quid path or channel inchuding &
reservoit, may be poesitioned within dispossble housing sssembly 202 and may be
configured for a single use or for a specified number of uses before disposst, The
disposable nature of disposable housing assembly 202 may improve saniation of infusion
pump asserbly 200,

The disposable housing assembly 202 may be confimured to releasably engage
reusable housing assembly 204, and includes a cavily that has a reservoir Tor receiving an
nfusible fluid (not shown), e.g., msulin. Such releasable engagement may be accomptished
by a screw-on, & twist-lock or a compression {if conflguration, for example, Disposable
housing assembly 202 and/or reusable housing assembly 204 may include an alignment
assembly configured to assist in aligning disposable housing assembly 202 and reusable
housing assembly 204 for engagemeni in @ specific orientation. Similarly, base nub 206 and
top nab 208 may be used as indicators of sligument and complete engagement.

Referzing now 1o FIGS. 2A-2B, in this pacticular embodiment of the infusion pump
assembly 200, infusion pump assembly 200 may include switch assembly 210 posifioned

-about the peviphery of infasion pump assembly 200. In other embodiments, for example,
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those shiown it FIGS. 202D, the swiich assembly 216 may be positioned elsewhere on the
reusable housing assembly 204, including but not Himited lo, on the top surfice. Referring
hack to FIGS. 2A-2B, in the exemplary embodiment showu, switch assembly 210 may be
positioned along a radial edge of infusion punip assembly 200, which may allow for easier”
use by a user. Swich assembly 210 may be covered with a waterprool membrane
configured 10 prevent the infilteation of water inlo infusion pump assembly 200. Rensabde
housing assembly 204 may include main body portion (housing the above-described
mechanical and elecirical control assemblies) and locking ring assembly 212 that may be
configured {o rotate abowt main body portion (in the direction of mrow 214},

tn a fashion similar to rensable honsing assembly 204 and disposable housing
assembly 202, reusable housing assembly 204 may be configured 1o releasably engage
disposable housing assembly 2062, Such releasable engagement may be accomplished by a
screw-on, a fwist-lock or a compression fit configuration, for examnple. In an embodiment
i which a twist-lock configuration is uttlized, the user of infusion pump assembly 200 may
first properly position reasable housing assembly 204 with respect (o disposable housing
assenbly 202 and may then rotate locking ring sssembly 212 (in the direction of arrow 214)
1o releasably engage reusable housing assembly 204 with disposable housing assembly 202

Through the use of locking ring assembly 212, reusable housing assembly 204 may
be properly positioned with respect to disposable housing assembly 202 and then releasably
engaged by votsting locking ring sssembly 312, thus elinungting the need fo rotate rensable
housing assembly 204 with respect to disposable housing sssembly 202, Accordingly,
reusable housing assembly 204 may be properly aligned with disposable housing assembly
202 prior 1o engagement, and such alignment may vot be disturbed during the engagement
process. Locking ring assembly 212 may include g latching mechanism {not showa) that
may prevent the rotation of locking ring assembly 212 uniil rensable housing assembly 204

and dispusable housing assembly 202 are properly positioned with respect to each other.

Referring now to FIGS, 1A-IF and FIG. 4, examples of the subsystems
imerconnecied with processing logic 400 may include but are not limited to memory sysiem
402, imput system 404, display system 406, vibration system 408, audio system 410 motor
asserably 416, force sensor 412, temperature sensar (not shown) and displacement detection
device 418, Infusion pump assembly 100 may include primary power supply 420 {e.g. a
baltery) configured o be removable installable within power supply cavity 118 and to

provide-electrical power to at feast 8 portion of processing logic 400 and ope or more of the
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subsyiterns (a:g., memoty system 402, input system 404, display system 406, vibration
system 408, andio system 41, motor assembly 416, force sensor 412, and displacement
detection device 418}

Infusion pump assembly 100 may include reservoir assembly 430 configured to
coptain infusible fluid 422, In some embodiments, reservoir assembly 430 may be a
reservoir assembly simifar to that described in 1S, Patent No. 7,498,563, issued March 3,
2009 and entitled Optical Displacemen:t Sensor for Infusion Devices, .

and/or as described in VLS. Patent No. 7,306,57¢,
issued December 11, 2007 and entitled Loading Mechanism for Infusion. Pump; U.S. Patent
Application Serial No.12/249,882, filed October 10, 2008 and entitled Infusion Pump
Assémbty; and U.S. Patent Application Serial No. 12/249,891, filed October 14, 2008 and
entitled Infusion Pump Assembly. |
In other embodiments, the reservoir assernbly may be sav assembly in which
fluid may be acted upon such that at least a portion of the fluid may flow out of the reservoir
assembly, for example, the reservoir assembly, in various embodiments, may include but is
not Himited to: a barrel with a plunger, a cassette or a comainer at least partially constructed
of a flexible membrane. .

Plunger assembly 424 may be configured to displave infusible fluid 422 from
reservolr assembly 436 through cannula assembly 450 (which may be coupled to infusion
pump assembly 100 via fnfusion port assembly 424) so that infusible fuid 422 may be
delivered to user 434, In this particular embodiment, plunger assembly 424 is shown to be
displacenble by partial mst assembly 426, which may engage lead screw assembly 428 that
may be rolatable by motor gsssembly 416 in response to signals received from processing
logic 400. In this particolar embodiment, the conbination of motor assembly 416, plunger
assembly 424, partial nut assembly 426, and lead screw assembly 428 may form a pump
assembly that effectuates the dispensing of infusible fluid 422 contained within reservoir
assernbly 430. An example of pariial nui ussembly 426 may include but is not lirmted to a
uut assembly that is configured to wrap around lead screw assembly 426 by e.g., 30 degrees.
In some embodiments, the punp assembly nay be similar o one deseribed m ULS. Patent
No. 7,306,578, issued December 11, 2007 and entitled Loading Mechanism for Infusion
Pump; U.S. Patent Application Serial No.12/249,882, fled October 10, 2008 and entitled
Infusion Pump Assembly; and U.S. Patent Application Serial No. 12/249.801, filed October
10, 2008 and entitled Infusion Pump Assembly.
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USER INTERFACE

Throughout this description, screens may be referenced with respect to the “pump”
or “Companton” or “Controller™. However, in various embodiments, a similar screen or a
sinsilar method may be accomplished on another device. For example, where the screen or
method is veferenced with respect to the “pump”, a similarly functiong] screen or method
way be used on the “Companion”™ in ofher embodiments.  As this description includes
embodiments related 10 both pumps having displays and punips having no displays, it
should be evident thal shere the embodiment includes an infusion pemp without a display,
any screens will be visible on @ Companion.  Similarly, where a method requires mm
interaction between the user and the pump, the interaction may be sccomplished via a
switch assembly on the pump where the puwp is an infusion pump without a display.

Processing logic which in some embodiments, includes at feast one element as
shown in described with respect to FIG. 4, is used to receive inputs from a user or caveghees.
The user or caregivar nses one of more input devices or assemblies, including but not
limited to, one or more of the following: bution / switch assembly, slider {for exanple,
including but not limited io any shider deseribed in 11.S. Publication No.US-2008-0177500,
published July 24, 2008 and entitled Medicat Device Including a Slider Assembly),

jog wheel or touch screen. The infusion

device additionally received inputs from internal systems, inclading but not Limited to
ocelusion delection process 438, confirmgtion process 440, volmne measurement
technology (e.g., acoustic volume sensing), Using these inputs, the infusion device
prodnces outputs, for example mchuding, bet not linnted to, infusion fluid delivery to the
user or comments, alerts, alarms or wamings to {he user. The inputs are thus either directly
from the user 10 the pump, divectly from the pump systems 10 the processing logic, or from
aunother device, e.g., a remote controfler device (described in more detail below), 1o the
pump. The user or caregiver interaction experience thus inchudes, but is not fanited to, one
or more of the following: interaction with a display (either on the infusion pump device
itself or g remote controller device or both), which includes but is not fimited to,
reading/seeing lext and/or graphics on a display, direct jnteraction wiih a display, for
example, Thwough a touch screen, interaction with one or move butlons, sliders, jog wheels,
one or more glucose strip readers, and sensing either through touch sensation or sudio, one
or more vibration motors, and/or an audio system. Thus, the tersx “user interface™ is used to
encompass all of the systems and methods a user or caregiver interacts with ihe infusion

pump, to control the mfusion pump.
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Referring now 10 FIG. 3, in some embodiments of the infusion pump sysiem, the
infusion pump muay be remotely conirolled using a remote controlier assembly 300, also
referred to as a confrolier or a conpanion, Remote control assembly 300 may include alf, or
a portion of, the fynctionality of the infusion pump assembly shown in FIGS. 1A-1F, itself,
Thus, in some exemplary embodiments of the above-described infusion pump sssembly, the
infusion pump assembly (not shown, see FIGS. [A-IF, amongst other FIGS.) mav be
configured via remote control gssembly 300. Tn these particular embodiments, the infusion
putmp assembly may include telemetry circuitry (not shown) that atlows for commumication
(e.g., wired or wireless} between the infusion pump assembly and e.y., remole control
assembly 300, thus allowing remote control assembly 300 1o remotely control infusion
pump assembly 100, Remote control assembly 300 (which may also include elemetry
cirenifry {not shown) and may be capable of communicating with infusion pump assembly)
may include display assembly 302 aud an input assembly, which may include one or maore
of the tollowing: an input conwol device (sach as jou wheel 306, slider assembly 310, or
another conventional mode for fuput into a device), and switch assemblies 304, 308, Thus,
although remote control rssembly 300 as shown in FIG. 3 includes jog wheel 306 and slider
assembly 319, some embodiments may include only one of either jog wheel 306 or slider
assembly 310, or another conventional mode for input into & device. In embodiments
having jop wheel 306, jog wheel 306 may aclade a wheel, ring, kuob, or the like, that may
be coupled to a rotary encoder, or other rolary transducer, for providing a control signal
based upon, at least in part, movement of the wheel, ring, knob, or the like,

Remote confrol assembly 300 may inclade the ability to pre-program basal rates,
belus alarms, delivery limitations, aud allow the sser io view history and 1o establish user
preferences. Remote control assembly 300 may also include a glocose strip reader 312,

During use, ramote control assembly 300 may provide mstructions to the infusion
pump assembly via 8 wireless conummication channel established between remote control
assermtbly 300 and the infusion pumip assembly.  Accordingly, the user may use remote
conirel assembly 304 1o program / configure the infusion pump gssembly, Some or all of
the communication betweesn remote control assembly 300 énd the infusion pump assembly
may be encrypted to provide an enhanced level of security.

in the exemplary embodiments of the user interface, the user interface requires user
confirmation and user input. The exemplary embodiments of the user interface are centered

on ensuring he user knows the effect of various interactions on the punp. Many examples

-will be presented throughoeut this description of the pump commanicating the result of ihe
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user’s actions to the user. These featres ensure the user understands their actions and
therefore, imparts greater safety onto the user. One such example is throughout the
exemplary embodiment of the user interface, wheve the user presses the back button on g
screen after a value has been changed, the user interface displays the Cancel Changes
confirmation screen, s shown in FIG. 6, If the user selects “Yes”, the user interface
discards any pending changes, closes the confirmation screen and goes back 10 the previous
screen (i.e., the screen previous to the screen where the user pressed the Back bution).
When the action selection is “No”, on the “Cancel Changes?” confirmaiion screen, the user
presses the enter button or other depending on the embodiment, and the user interface closes
the confirmation screen and retums to the screen with pending changes.  This feature
prevents the outeome where the user assumes the changes have been implemented, but i
fact, they bave noi been. Thus, this feature prevents that circumsiance and ensures the user

wnderstands that the changes have nat been implemented.

Power Up

Generally, an infasion pump i3 used for therapy by a user almost continuously, with
some exceplions. Thus, from the time an infusion purap is “powered up”, i.e., & battery is
wnséried into the pump and the pump is *Setip” for use for therapy, the infusion pump
remains on and i many cases, connectad 10 the user by way of § cammia, Qftenitimes; a
aser will “disconnect”, Le., disruptthe fluid comneciion of the tubing to the cannula, for
short and predicied periods of time. For example, users often disconnect while changing the
cannula, changing the infusion set, changing the reservoir, priming the twbing,
bathing/showering, underpoing tests such as an MRI, or otherwise being exposed o harmiul
{orces, for example, electromagnetic forces, of, i some ciroumstances, while exereising or
being exposed to potentially corrosive water, for example, salt water. There.are many
additional circuunstances where users may disconnect. However, generalty, these
disconnection events are planned and the user understands they will not receive therapy
from the infusion pump while disconnected from the pump.

Thus, once infusion pump therapy has hegun with a given punip, the user wilk
remain conrected and witl fikely receive their therapy from the infusion punp until and
unless the infusion puip is replaced by snother form of therapy, for example, another pwmp
or sauliiple daily injections.

The power up user intevface is visible when a battery is inserted into the infusion

putp. I the infusion pump. has been in use by the vser privr io the batfery change, then the



16

CA 02930689 2016-05-20

18

pamp will initialize. If the pump had not been previousty used by the user (i.e., the pump is
new o the user), on first ase of the pump, the user interface automatically guides the user
through programmable settings that musi be initialized before insulin delivery or other fluid
therapeutic delivery may oceur.

Referring now to FIG. SA, afier the initiatization period, the user interface ndvances
to Time and Date Wizaed, which takes the user through the TIME/DATE, SET TIME and
SET DATE screens, and then advances io the Home screen (as also discussed with respect
10 FIGS. 10A-10E). As shown in FIG. 54, il a valid time is detected, the default selection
for the user is “pext”™ on the TIME/DATE screen 500, wherein the user interface proceeds to
an initializing screen 502 then to the Home Screen $04.

However, refarring now 1o FIGS. 5B-3C, i the system does not detect a valid time
and date, the Time and Date Wizard shall display the TIME/DATE streen with the Time
values set o dashes {~) to indicate that no values ave corrently set. The Date value is not
displayed until 2 valid thng has been set.

Amongst other advantages, whete the system defects a valid TIME/DATE, the Tune
and Date Wizard agtomatically fills the TIME/DATE wiih the detected valid TIME/DATE.
However, the system still ensures that the user reviews the detected TIME/DATE and
preseats an opportunity for the user to change the TIME/DATE if the TIMEDATE on the
screen is incorrect. In fact, in the exemplaty embodiment shows, the system will not
complete initializing and will nof advance {o the Home Screen until the user has selected
“next”, Le., affirning the TIME/DATE is acceplable.

Conversely, where an tnvalid date is detected, the svstem does not autenatically fill
the TIME/DATE but rather requires the user o do so. Thus, the user interface systeny, in
the exemplary embodiment, requires the user to always review the TIME/DATE.

Some embodiments of the user interface include & Trainer Mode. This mode is
generally used when o user or caregiver is initially using the pwnp and thus may take
additional time to veview und enter mformation inio the user interface. The Trainer Mode
allows for the user to select a duration that the user interface will disable ttimeowts. In
normal mode, the user interface otherwise includes timeouts as a pawer conservation
nieasure, where the screen will timeout at ¢ preset interval of user inactivity, However, in
this embodinent, the timeouts are disabled. n the exemplary embodiment, when the
Trainer Mode is initialized, a™duration™ is set by the user or caregiver, for example, 2 hours,
and during this duration, fimeouts are disabled.

User Setup
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User Setup inclades many feghures o the user and those used by the pumy for
therapy. These include but are not limited to setting the; pairing with 8 companion, time,
date, uime/date format, ttme format, glucose units (mg/dL vs, mmol/L}, language, blood
glucose targets by time of day, basal rate by time of day or preprogrammed title, insulin
type, duration of action of msulin, cursor prefevence, magnify preference, bolus bution,
bolus and basal imits, 1 U Drop™ {one unit drop), display/button side, carbobydrate to
insulin ratio, alarm features including alarm types where options exist, sensitivity to
acclusion, mactivity alarm, therapy lockouts, care commenis and reminders,

As discussed above, in the exemplary embodiments, the infusion pump system
includes a controller or companion device, for exaraple, similar to one described above. In
these embodiments, at Power Up, il the pumyp is not currantly paired and not fully initialized
the user is frst prompled to pair the pamp with a remole control device, Le., g coniroller or
Companion, as discussed sbove. The user may choose to skip this option, for example,
where the user does not desire to pair with a companion device. In this case, the nser
interface advances the user (o other Setup screens.

Referring to FIG. TA, if the user chooses to intiate the pairing (by selecting OK);
the user interface displays the PUMP Searching for Companions screen (it should be noted
that where the pump is an embodiment that does not include a display, the Companion will
be the only screens dering the pairing process. Thus, similar screens will appear on the
Companion only). The remoie Companion must be in pairing mode for the pairing to be
completed. Thus, for patring an infusion punp with & Companion, both devices muast be in
pairing mode. This feature serves as one of many safety featares during the pairing process.
Requiring hoth devices to be in pairing mode ensures an nfusion pump is not “hijacked” by
a non-intended Compamon. If the pairing fails or is cancelled, when the user selects OK on
the Pairing Failed or Pairing Cancelled warning screen, the user interface displaces the
STEP 1 screen on the Setup Wizard and sels the Radio setting 1o “OfT°. Thus, where the
system is not paired, the pump sser interface wtomatically turns the radio off and proceeds
to continue Setup Wizard.

Referring now to FIG. 7B, to pair & pump and Companion device [or remute
communications, the patring process requires aser interaction on both the pump and
Companion. In the exemplary emibodiment, the user interface displays the PUMP
“Searching for Companions™ screen on the pump when the user selects and accepts the
“PAIR DEVICE” item on the “SETUP” screen. The user selects the “PAIR DEVICE™ item

to infliate the pairing process. with and begin searching for a remote control Companion
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device in pairing mode. On the Companion, the user selects “PAIR PUMP” on the
“SETUP” screen, then selects the “Yes” action selection on the “Is pump ready?”
confirmation screen. Before selecting “Yes”, the user needs fo start the search on the pump.
Thus, i pairing mode, both the infusion pump and the Companion must be in pairing mode,
simultaneously, for the pairing mode 10 commence.

When the user selects the “PAIR DEVICE” item ob the pump “SETUP” scveen and
presses the enter button, the user interface: 1) turns on the radio if it is turned off: 2) initiates
a search for Companion devices that are in pairing mode (where pairing has been initiated
on the Companion); and 3) displays the “Searching for Companions™ pairing screes.

Referring now o FIG. 7C, the user interface displays the PUMP “Found Companion
“{Companion Serial #}™ seregn on the pump foliowing the PUMP “Searching for
Companions™ screen, when a Companion in pairing mode has been found. The serial
mymber of the Companion is displayed on the screen in place of the “{Companion Serial
#17. This screen indicates a Companion in pairing mode has been found, but the pairing has
not been completed. The user mast confirm the paiting on the Companion device for the
pairing process to be complete. This feature ensures the user has an opportanily to confinm
that the pump found is indeed the pump in which the user intends to pair with the
Companion device,

The user interface displays “No Companions Found” warming scréen on the pump
when the user initisted pairing, and the search for Companions in pairing mode fuiled after
scarching for approximately { minute. In other embodiments, the amount of searching time
may vary. The pamp aser tuterface, in the exemplary embodiment, turns off the radio and
warns the user when no Companions were found alier searching for Companions fora
sdefined time period withowt button press interruptions (See FIG. 7D). This ensures that
where pairing mode has commenced on one side, for example, on the Companion but not
the pump, a timeout pertod will end the pairing mode,

Refarring to FIG, 7€, the user interface displays the PUMP “Paired
with{Companion Serial #}" screen on the pump when the pairing has been confirmed on the
Companion device. In the exemplary embodiment, the uset interface displays an indication
1o the user of the Companion device serial number o which & pumyp is paired when a punyp
and Companion have been successfully puired. This feature allows the uger opportonity to
coufirm the Companion serial munber indicates the intended Companion is paired with the

pump.
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Onge the “Done” is selected, where the pump s fully initialized, the pump will
proceed w the Home screen. Where the pump is not fully inttislized, the user interface will
display the Setup Wizard Step 1 screen,

Although the above embodiments are described with reference to the PUMP screens,
stmilar screens are displayed on the Compamon throughout the pairing process.

During paiving, the user interface displays the “Pairing cancelled” warning screen on
either the pump or the Companion device, when the user presses a button on the pump while
displaying the PUMP “Searching for Companion™ screen, of on the Companion while
displaying the COMPANION “Searching for Pamps™ screen. If the pump or Companion
were paired before attempting (o pair them again, and the user cancelled the pairing, the
existing paiting is not lost.

Pairing may be cancelled where the user presses & button on the pump or the
Companion while the “Searching for ... screen is displayed. Referring now to FIG. 7F, the
user interface displays an indication to the user that the pairing process was cancelled before
the pump and Companion were suceessfully pairing. Thus, the user will be aware that the
purap and Companion may not be paired (in the exemplaty embodiment, if the pump and
Companion were paired, a screen or andio signal will indicate same).

Int the exemplary embodiment, the user interfice displays the “Incompatible pump
fownd. Pairing failed™ WARNING screen on the Companion during the paiting process,
when a pump in pairing mode is foand that has a seria] number that indicates different
glucose units than the units configured on the Companion (i.e., mgidL vs, mmol/L). Asa
safety featire, the user interface considers a pump and Companion with different plucose
units incompatible and disallows paiting the two devices. When the user attempis to pair
the pump and Companion with different glucose units, any previous pairing is lost.

Either after pairing is completed or once pairing has been skipped, the nser
completes the “Setup Wizard”, sefting various featuras of ihe user interface.

As discussed shove with respect to FIGS. SB-3C, because the infusion pump
delivers insulin (or another flnid) based on time of day (in the exemplary embodiment,
howevaer, in other embodiments, the pup may deliver based on another critedia, for
example, every “2 hows”, or “once daily™), it is important that the time settings are
accurate. Also, in the exemplary embodiment, the pump device logs a history of insulia {or
other fluid) delivery, Therefore, it is inportant that the date seltings are accurate. When the
user first initializes the pump, or when the systera does not detect a valid tme, the Current

Time gettings have no defanlt values, and the user interfirce requires ihe userto set the
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cwrrent time. Additionally, when the user changes the batiery in the pump, the user
interface requires the user to review the settings for the current time to ensure that they ave
accurafe.

After the user has set a valid time, the time is continuously updated by the device’s
rel-time clock. After the device has fally initialtzed, the nser may change the current time
by entering either the Setup Wizard or the Time and Date Wizard through the SETUPR
screeis.

i the user changes the tme and/or daie on the pump and then accesses the user
interface on the Companion device, the time and date on the Companion is svochronized
with the pump’s time and date, and a warning screen is displayed on the Companion 1o
indicate the time on the Companton has been changed o the puanip tine,

When the user first initializes the pump, or when the system does not detect a valid
date, the Current Date settings have no default values, and the user intevface requires the
ey 1o 5ot the currant date, Additionally, when the user changes the battery in the pump,
the user interface requires the user to roview the settings for the current date to ensure that
they are uccurate,

After the user has set a legal date value, the date is maintained and updated by the
pump’s real-time clock. U the user enters a non-legal date, then the pump will indicate
same with an audio and/or visual indication that the date is not accepted. After the device
has fully initialized, the user may change the current date by entering extber the Sewp
Wizard or the Time and Date Wizard through the SETUP sercen.

The user interface includes a preprogrammed list of “legal dates™. These may be
hased on the Gregonian calendar, or within any other pre~definable parameters. These may
include, for example, but not Hiniled to, the munber of days for particular mouths, the years
in which a date of Feb 29 is a legal date. in the exemplary smbodiment, the nser interface
may only allow these parameters to be changed at a system level, 1.2, not by the user,
Howevet, in other embodiments, the user interface may allow the user to change the
parameters,

In the exemplary embodiment of the punw, as discussed above, the pump is an
insutin pump. The insulin concentration vaiue {Units/mL) i3 preprogrammed to be “LHO0*
and cannot be changed by the user. This is a safety measure, as penerally, s user on insulin
therapy uses V1040 insulin. However, in vatious embodiments where sither a different
insulin therapy is contemplated, or, i a different fluid is infused, this feature mey require

user fput to specify the concentration of the fhuid,
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Related seititigs that the user may specity inchude the insulin type and action time,
The user interface uses these seftings to determine the smount of Tnsulin on Board or
“10B”, 10B relers to a number which serves as a gauge to the “action” of the insulin
curently in the user. The gauge is comparing the action available 1o a quantitative “smount
of msulin”™ currently in the user. Thus, as the Action Time and Insulin Type are used (o
calculate OB, which is used, as described later, in bolus calculations, it is critica) this
information be entered.

When the pump is folly initialized, the user may cliange the ingulin settings by
entering the Setup Wizard {hrough the SETUP screen, or by selecting INSULIN an the
SETUP screen. Referring to FIG. 8A, the exemplary embodiment of these screens are
shown.

Referring now to FIG. 8B, the user interface opens the SET TYPE edit item screen
when the user accepts the Type item on the Insulin Profile select item for edit screen, and
Magnity is set to On. “Magnify” refers to an option in the esemplary embadiment of the
aser interface, where the user may prefer that the text in the curser and in various screens,
be “magnified” so as 1o be better visible. Various embodiments of this feature may be used
in the user interface, including those described in pending U.S. Publication No US-2008-
(177900, published July 24, 2008 and entitled Medical Device Including 2 Slider
Assembly.

When Magnify is “Off”, or when the user accesses the screen on the Companion
device, the user interface opens the Type item for editing. The Type value ideatifies the
type of insulin being used, Two options are available in the exemplary embodinent, either
Rapid or Short. In various other embodiments, additional options may be pre-
programmable and selectable options.

The exemplary embodiment of the user interface mchudes various safety features
related o the INSULIN PROFILE screens. For example, when the Type item on the
INSULIN PROFILE screen is open for editing and the user presses a sofi-key button for
“Next™ or “Done™ action selection, the user interface will either: 1) accept and close the
selected value; or if the wser changed the Type value, the user interface will change the
Action Time value to dashes and display # warning message in lmguage dependant text:
“Dashed items must be set™. This is to prompt the usev that an Action Value must be
entered; or, 3} if the user did not change the Type value, select the action selection, save any
pending changes and advance (o the next screen.
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Referring to FIGS. YA-9B, in the exemplary embodiment of the user interface, the

user may configure display settings for the pump to have the user inferface screens oriented

such that the enter and back buitons, for example, are either on the right side of the LCD
display, or the left side. Additionaily, the device uses screen timeouts o conserve energy
by turning off the display and entering into 8 low~-power sleep siate when the user has
stopped interacting with the device within a period of time. The user configures this
timeout value as part of the display settings. Screen timeouts are not in effect until afler the
pamp is fully teitialized.

Another display setting that the user may configure is the whether to display an
activity-based hiorne screen or an information-based home screen. The Home screen is
further described below with reference to FIGS.10A-10E, in the exemplary embodiment,
the user interfuce allows the user (0 sccess the display seftings for the pump through the
Setup Wizard STEP 2 screen, by advancing the DISPLAY screen. The display settings that
also apply to the Companion are sccessible on the Companion by selecting REFERENCES
ont the SETUP screen.

Referring 1o FIG. 94, the nser imerface sliows the wser to set a duration value for
the timeout featwre of the display. Additionally, the user may select the home screen feature
using the DHSPLAY screens.

Referring now 1o FIG. 9B, the user interface inchudes a feature which allows the user
to conligure the display orientaiion of {he user interface screen on the puxnp as it relates to
the position of the buttons (i.c., referring to F1G, 1A, the switch assemblics 108). For
exampie, the user interface allows the user to desighate whether the buttons are on the left
of the display, or the right. In the exemnplary embodiment, the user interface may have a
defankt setting, for exanple, buttons on right or buttons on left.

Referring now to FIG. 9A, the user inferface opens the SET BUTTONS edit itemn
screen when the user accepts the Butlons ilem on the DISPLAY select ilem for edit sereen,
and the user-programmable settings for Magnify is sct to “On”, When Magnify 15 “Off", or
when the user accesses the screen on the Companion device, in the exemplary embodiment,
{he user interface opens the Buttons itens for editing. The user accept the Buttons itew to
configure the device to orientthe user interface screens such that the buttons are either on
the right of the LCD display, or on the left. An exemplary embodiment of the BUTTON
screens are shown 1 FIG. 9B,

The ability of the user to set the side of the buttons allows the user fo customize the

pump to their preferred hand. Thas, this is anadvaninge for ease of use 1o the user,
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Additionatly, in some embodiments of the infusion puinp, as shown in FIGS. 1A~1F, where
a stider 106 may be used av input device, the ability of the user (o sef the user interface such
that they ave free o use their preferred hand in all inputs is an advantage and may allow the
user to be more efficient and safe in the handiing of iuputs to the pump.

In the exemplary embodiment, the user interface inchudes a bolus ealoulator. The
user yowst provide particular input information regarding their therapy into the user interface
while using the bolas calculator option. However, in some cases, the user may choose o
entes this information in advance through Setup sereens. The information eniered in
advance may then be used in any caleulators requiring this information. However, the
information may be entered at the time of the use of the calculator.

The information used by the caleulator is typically based on a user’s medical leam’s
recommendnton. The bolus caleulator requrires this information. Tn addition to the
INSULIN screens discussed above, the user may also enter information regarding “1U
DROP™, carbohydrate ratios arx Blood Glucose targets.

Referring now to FIGS. 11A-11B, varions 11 DROP screens are shown according
1o an exemplary embodiment. In the exemplary embodiment, the user miay set from 1 to 24
18 DROP valnes based on the time of day. In addition, the user may set from £ to 24
insulin to cachohydrate ratios (i.e., LCHO) based on the time of day. However, in various
other embodiments, the user may set more than 24 11 DROP values {and/or £:CHO values),
and may also specify the day of the month or the day of the week, amongst many addivonal
factors that may be specified. The 1U DROP values are known insulin sensitivity values
(L.e.. how much insulin causes how much change) {or the user. The LCHO value defines
the defirult ratio of carbohydrate grams o 1 Unit of insulin for a specified ime perigd. The
TU DROP value is used to calculate how much insalin the paiap may reconunend the user
deliver 10 bring the user’s blood ghcose value to a desired level. The 1U DROP valves
may be programmed on ihe howr, In some instances, the 1} DROP value may not have
been previously set by the user. In these cases, while using the bolus caleulator option, the
user may specify the 11U DROP value when programming g correction bolus,

In the exemplary embodiment, and as may be seen in FIGS. 11A-11B, the user
interface may allow the user © program 1o 24 correction factor values, based on the time
of dny, that estimates how niich change 10 auser’s blood glucose level is effected by 1 unit

of sulin.
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The I:CHO value may be used in bolus calculations where the user enters an amouoni
of carbohydrates and the bolus calculator suggests an insulin dosage. Further, the ICHO
may be used during a correction and food bolus calculation.

fn the exemplary embodiment of the user interface, the user interface allows the user
to delme the Incsement of insalin Units that will be wsed for each click of the slider when
delivering either a normal bolus or an extended bolus through the user interface bolus
screens. Additionally, in the exemplary embodiment, the yser interface ailows the user o
define the Incremeni of insulin Units that will be used for each click of the stider when
setting or editing a Rate value for 8 Basal program.  In various evabodiments, in addiion to
the slider, the Increment may be used to define the Increment of insulin Units used for each
press of a button or gach step movement of a jog wheel, for example. However, the
Increment function may be used in vavions embodiments to apply to any input device o7
assembly desired.

The increment item allows the user to custontize the user interface for their general
therapy needs. For axample, the user interface may allow the sser to setect an merement of
“0.10U7, “0.05U7, or “1.00U" for example. Thus, a user having a therapy that typically
includes bolys or basal program amounts of “0.30U may select the “0. 10U ncrement,
whereas a user having a therapy that typically inchudes bolus or hasal program amounts of
“10.0U7 may select the “1.00U™ Increment. Thus, this allows for more efficient use by the
user iu delivering their therapy.

The user interface includes an option for SET TEMB, L.¢., setiing a iemporary basal.
In the exemplary embodiment, the SET TEMP option includes the option of the user setting
or conliguring the temporary basal amount in terms of delivery rate (i.e., Units’howr), er in
terrus of a percentage of the active basal program rate. Thus, in the exemplary etabodiment
a user may define the temporary basal rate or may request a yemporary basal reduction,
based on the current basal program.

Referring now 10 FIG. 12, the user interface additionally includes, in the exemplury
etibodiment, 8 LOCKED ITEMS settings feature which atfows the user to lock eranlock
certain featwres of the device to restrict access to those features. These features include, but
may not be tinuted to:

1)) the basal menu festures that allow the user to activate an existing basal

progran, start remporacy bases, edil, delete or répame an existing basal

program;
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) the bolas {datures that allow the user to deliver one-button, normal,

extended, and dual boluses;

3 the prime feature atlowing the user to prime the pump.

Thus, in the exemplary embodimens, the user interface allows flexibility by allowing
the user to fockout festures separately, rather than either Jocking the whole pump, or
unlocking the whole pump. This feature may be advantageous with respect to child users or
other users that may not be capable of making therapy decision, but may, when necessary,
need access to priming or bagal changes.

In the exerplary embodiment, the user imterface includes various features that
inform the user when various screeus are exited or information is missing. These features
ensure the user knows the impact of thelr actions. For example, referring now (o FIG. 134,
in the exemplary embodiment, when initializiag the device settings, the aser must set values
for any default settings that have no initial value, i.e., in the exemplary embodiment, those
settings displayed as dashes, before advancing 1o the next screen. The user intarface
displays the Warning screen “Dashed items smust be set” when the user fails to complete
these settings. In particular, 1a the exemplary embodiment, this Wasing screen will appear
where the user

1} when initiatizing device seiting values through the Setup Wizard and the user
presses the back bution the STEP 1 sereen;

2} when progromnsng a temporary basal or ¢ bolus, when any Hems are set o
dashes on the screen and the user accepts the “Activate™ or “Deliver™ action
selection;

3} when inttializing device setting vatues in thie Setap Wizard for the following
whex the user accepts the “Next”, “Aceept” or “Done™ action selection:

- The TIMEDATE screen when either a time or date has not been set.

- The CURRENT TIME screen when al} fields of the tine value have not
been set.

- The CURRENT DATE screen when all fields of the date value have not
been set.

- The INSULIN PROFILE soreen when & vittue has mot been set for the
Time ftem.

- The CARB RATIOS BLOUCK 1 sureen when a value bas not been e for

One OF more Hems.
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- The {1 DROP BLOCK n screen when a value has not been sel for one ox
MOTE HEms,

- The 8G TARGET BLOCK n screen when a valye has not been set for
ong of more Hems.

- The DAILY basal program BLOCK n scrgen when o value has not been

set for one or more items.

Referring now to FIG. 13B, while the device is in a delivery mode, the user
interface, in the exemplary embodiment, prevents the user from changing cerlain settings.
For example, when the user selects and accepts the BASAL LIMITS or WIZARD item on
the SETUP screen, if the basal is carrently running, the user interface displays the waming
“Stap delivery before using this function™. Additiopally, when the user selects either the
Time or the Date values on the TIME/DATE screen when basal delivery is in progress, the
user interface will display this Warning. This is a safety featuve i the exemplary
embodiment of the user interface. Where a user change or edit may cause confusion during
delivery, for example, a raie change of a basel profile while that basal profile is delivering,
or changing the TIME/DATE while in delivery, the user interface may use the Warning
screen shown in FIG. 13B. [n the exemplary embodiments, additional features may not be
changed during delivery. These inchude but are not limited 1o fockout features.

Referring now to FIG. 14A, io embodiments where a pump and Companion are
paired, there are various changes that, made on the Companion, may not be accepted by the
pamp. For example, when the user sets the time and date through the Companion-specific
Hime/date screen, if the Companion is paired with the pump and the pump is delivering
basal, in the exemplary embodiment, the pump cannot accept a new time, aad the
Companion displays the warning “Time and date cannot be saved on pump™. Ouce the
pump and Companion are communicating, upon background synchronization, the pump
time will be senl o the Companion, and the Companion will display the warning
“Companion time changed to pump time™. This warning screen may be used in many
different like scenarios to inform the user both that their requested changes have not been
made, and when the change has been made. Thus, the user is informed of the outcome of
their actions and thas is regularly aware of the npact on the puinp.

Referring now to FIG. 148, in the exemplary embodiment, the user inferface may
display a4 waming on the Companion when the user exils the Companion PREFERENCES

screen, and the pump is either busy or commumication with the pump s down. Thus, the
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aser is avware that thel préferences have not been saved onto the pump, and thus, know that

they should re-enter those preferences at a time when commuuications are restored.

Referting now to FIG. 15, in the exemplary embodiment, the Companion may be
configured to enable a temporary lockout from certain functions, for example, functions that
affect starling and stopping delivery on the pump. However, additional functions may also
be locked out temporarily in some embodiments. The THERAPY LOCKOUT settings
screen, shown in FYG. 15, allows the user {0 tum the lockout on, and 1o specify a duration
for the lockout to be in effect. If the user chooses a duration of “Once”, the lockout is in
effect until the user seteets Unlock on the THERAPY LOCKOUT Unlock screen.

Referring now to FIG. 16, the user imerface allows a user to turr the radio off when
the pump is paired with a Companion. Changing the setting on the pumip turns off the radio
ounly ou the pump; similarly, changing the setting on the Companion turns off the radio only
ott the Companion. This featnre gllows a user to turn the radio off in cases where radio
conurunication when desired, for example, when radio conumunication between deviges is
nol advisable, allowed or safe.

Home screen

Referring now to FIGS. 10A-10E, in the exemplary embodiment, the user interface
opeas the SET HOME edit item screen when the user acoepts the Home item on the
DISPLAY select item for edit screen, and the user-prograsnmable setiing for Magnify is set
to “On”. When Magnify is “Off”, or wheu the user accesses the screen on the Companion
device, the user interface opens the Homte item for editing. The user accepts the Home itern
{0 specify the content of the Home screen as either information-based or activity-based.

The Home screen provides access to device features aud displays information about
the statuis of the pumnp and the delivery. The Home screen may be configured to display an
activity-based menu (i.e,, Activity-Based home screen), or to display nformation about the
current delivery status and fast bolus miormation (Le., Information-Based Home screen).
The Home screen is configured through the PREFERENCES option on the SETUP screen,

Still referring to FEGS, 10A-10E, in the exemplary embodiment, for both the
Information-Based and Activity-Based Home screens, the user interface displays the curent
time as matntained by the device’s real-time clock, fcons that provide an indication of the
remaining battery capacity and insalin volume (o reservoir volume), and the amounat of
I0B. In some instances, a greater-than or equal to symbel may be displayed next to the JOB

label. Specifically, if the bolus log contains a cotrapt record, or if the time has been lost and

needs to be set at powerup, the bolus log is reinitiatized. However, simply replacing the
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battery does not erase the bolus fog when there is a valid thoe and date at powerap.,  Thus,
the TOB is not lost due to a battery being repluced and in the exemplary embodiment, on the
Activity-Based Home screen is indicated 1o the user each instance the pump display is
shown. This feature in the exemplary embodiment impatts to the user clearly and
efficiently the amount of TOB such that the user may use this information in their therapy.
Additionally, as the JOB is not fost when the hattery is replaced, the user may rely on bolus
calculators and other indications on the display by the user interface, for theiv therapy,
without interruption. However, in some embodiments, the I0OB may timeout in certain
stiuations, for example, where the pump determines that power was lost for more thaa a
threshold time or if the pump is unable to determine the date and time, or the smount of
timte ix which the pamp did not have power. Thus, & correet or true determination of the
108 may not be possible i these circumstances. However, in the exemplary embodiment of
the infusion pump, the sufety processor maintains the date and time of the devices. Thus,
108 recovery is possible becaunse of the internal clock,

Additionally, i the exemplary embodiment, the TOB may also be racovered after a
reservoir change.

Suill referring to FIGS. 10A-10E, in the exemplary ersbodiment, when the magnify
setting is “Off" on the pump, the cursor type on the Information-based Home screen always
1s displayed as Highlight regardless of the Cursor seiting. This allows for the screen
selection 1o always be distinguishable.

In the exemplary embodiment, when delivering an extended bolus, the bolus section
of the Information-Based Home sereen displays the details of the ruoning extended bolus,
inchiding the amovmt that has been delivered, the full programmed amount, and how much
time has elapsed since the start of the extended bolus. If an extended bolus is stopped
before any of the extended bolus insulin has been delivered, the Last Bolus information on
the Home screen may be updated to reflect the previous bolus that delivered greater than
0.0U, However, in the exeniplary embodiment, where the user power cycles the pump {ie.,
the power supply is removed sad replaced, this raay occur when the user is changing the
battery, i.e., removing the first power supply and replacing the first power supply with 2
second power supply, or removing the first power supply and replacing # back mio the
pump), and an extended bolus that was stopped before any insulin was delivered is the last
bolus in the history, the Last Bolus details on the Hone screen reflect that extended bolus.

Additonaily, in the exemplary embodiment, the user interface displays the lasi bolus

details on the Information-Based Home screen as Jollows:
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1} The last non-zeto bolus is displayed in the history i that bolus occurred after the
maost recent power cycle. 1T there are no boluses in the history other than a zero
extended bolus, the user interface with display “None”,

2) The most recent bolus in the history is displaved which may be an extended
bolus of .0, if  power cycle occued more recently than the last bolus.

3} If there are no boluses in the hisiory, the user interface displays “None™.

Thus, in the exemplary embodiment, the yser interface proves quick access to
starting and stopping basal delivery, starting a teroporary basal, and switching basla
programs on the nformation-Based Home Screen. Additionally, using the Information-
Based Home screen, the user the user interface provides quick acecess (o bolus festures
(when in delivery mode). Also, the user interface displays may display a grester-ihan or
equal to symbol to the right of the 1OB label on the Home screen when any of the following
are true;

1) The Bolus daie for the entire action time period is not available;

2} More than a predefined namber, e, 10, boluses were given within the action

time;

3) There is no bolus history, and less timi than the duration specified by the user-

proprammable action time has passed since the bohis log was initialized;

4) The 10B smowst is preat than a predefined number, e.g., 300,

Thus, i the exemplary embodiment, the user inierface provides information
regarding JOB where that information is safe to provide within 1 predetermined threshold.
That s, the user interface ensures the user has access only to information on which may be
cotrect and safe for the user 1o base therapy decisions.

Alert and Recoverable Alarm Notification
For purposes of the current deseription and in the exemplary embodiments described

herein, notifications inchude alarms, alerts and rentinders. Alanms age either recoverable or

‘non-recoverable. Alerts; renvinders and recoverable alarnis notify the user of conditions that

may affect normal operation of the pump that the aser may need to address, For alerts, the

user generally has some period of time in which to address the condition; wheress

recoverable slarms stop delivery and should be addressed as soon as possible.
Nou-recoverable alarms may also be referred to herein as sysiem alarms, For

vecoverzble alanms, the user may physically correct ihe problem (1., change the battery,
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geplace the réservoir, efe.), and throtigh ihe features of the user interface, the pump may
resuie delivery. System alarms are no recoverable via the user interface. System alarms
stop all processes, including delivery, and render the user interface unusable,

When the user interface is displaying a screen other than the Home screen, or when
a novmal belus or device prime is in progress, i the exemplary embodiments, slert and
alarm notifications penerated on the pump are suspended. H a normal bolus or device prime
ts in progress, the user interface presents the notification after the prime or normal bolus
completes or is stopped, either by the user, or in the case of a recoverable alacm, the alarm
condition itself stops delivery. IT the user interface is displaying a screen other than the
Home screen, the wotification is suspended until the user interface transitions to the Home
screen. When a recoverable alarm that stops delivery is suspended, the user interface
suspends just the notification; the delivery i stopped as soon as the alarm condition is
detected.

In the exemplary embodiment, when mose thas one notification is pending, the
notifications ave presenied in order of prioty. Also, in the exemplary embodiment, where a
Companion is used with an infasion pump, ali of the alerts, alarms, und reminder screen
described herein are generated on the pump, 1f an alert or recoverable alarm condition
oceurs when the user interface is displaying the Home screen, the user intecface produces
the attention sequence on the pump and displays a notification screen that described the
condition. If the pump is asleep, it wakes up to display the notification. If the pemp is not
fully configured, notifications are suspended on the pump and are not sent {o the
Companion. When the Conpanion is awoke and displaying the Home screen, if there is a
notification being displayed on the pump, the notification also is displayed on the
Companion. The user may silence the notification on either the pump or the Companion.

in the exemplary embodiment, when the Companion is displaying a screen other
than the Home screen and the Companion receives a notification from the pump, the
Companion displays o flashing notification bur ai the top of the screen that indicates there is
a pending notification. When the uset interface renurns to the Home screen, if the user has
sot already silenced the neotification on the pumy, the notiftcation is displayed on the
Companion.

Alert and recoverable alarm notifications are accompanied by audio or vibratory
feedback on the pump, referred to herein as the atlention sequence. In the exemplary

embodiment, the sequence staris as a single tone (sounded from the safety processor

speaker), pause, iriple tone {sounded from the HY processor speaker) sequence {or three.
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vibrations when feedback is set to vibrdtion). The sequence repeats every 15 second, n the
exemplary embodiment, but in some embodiments, may repeat more regularly or less often,
until the device times out or until the user interacts with the device. After a device time out,
if there is no user interaction within 1 minute {in other embodiments, this duration may be
longer or shorter}, the user interface wakes up (he pump and repeats the notification using
an escalated attention sequence: when the feedback is sef (o vibration, feedback switches 1o
audio; if the feedback was andio, the audio sequence escalates o a single short ton (from the
safety processor speaker), pause, single long {siven) tone (from the HE processor speaker)
sequence. The siren tonie is an uninterrupted succession of tones of increasing frequency.
Once the fecdback has been escalated 10 siren, subsequent sounding of the aitention
sequence totates from vibration, to audio, (o siren. If the user interacts with the device afier
the attention sequence has been escalated, the next time the aitention sequence s sounded, it
reveris to the original attention sequence feedback. I the notification is sounded for 15
minuies without user interaction while the pump is in a delivery mode, delivery is stoppad
and the Inactivity Alarm noiification is generated,

[n the exemplary embodiments, when the user accepts the “Clear™ action selection
on a potification screen, the notification is cleared and the user interface closes the
notification screen. When the punip checks again for the alest or alarm condition, if the
alert or alarm condition still exists, the notification is repeated.

When the user accepis the “Sleep Time™ item on a notification screen, the nser
interface displays the SET SLEEP TIME or opens the Sleep Time item for editing where the
user may program the sleep time vake. Accepting the “Sleep” action selection on the
nolification screen disnisses the notificstion for that user-progranamable amount of time {15
minutes to up to 12 hours, depending on the notification). The user interface postpones
checking for the condition or presenting the reminder alert again wniil the amoent of ime
specified in Sleep Titme has passed. Ifthe user changes the clock thme during the sleap
perind of an alert, the alert expivation time is adjusted accordingly, so that the alert {or
check for the alert condition) is repeated when the amount of time is adjusied accordingly,
so that the alert (or check for the alert condition) is repeated when the amount of time
specified in the Sleep Time has elapsed, regardiess of the clock time. In the exemplary
embodiment, a date change has no effect on the expiration time of a reminder that has been
slepi.

With respect to clock time and date adjustmenis, in the exemplary embodiment,

when the user changes the pamp clock tine or the date, the pump user interfice adjusts the
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expiration time for-all sleeping alerty, except the low insulin alert, to & time equal to the
current expiration time plas (if time or date was adjusted forward) or minus (if tirme or date
was adjusied backwards) the time or date adjusiment, However, in the exemplary
embodiment, as discussed herein, (o change the clock time, basal delivery must first be
stopped. When basal delivery is again staried, both sleeping pump idle and fow insulin
aleris are reset.

With respect (o the date, when the user changes the pump date forward in time, the
pamp user interface generates a reminder alert for all user programmable reininders that
either have been cleared or have not yet expired {excluding reminders that have been slept).
When the user changes the pump clock time only (no date change) to 2 time earlier than the
time of a cleared user-progranumable reminder alert, the pump user interface shall resef the
vemiader alert.

in the exemplary embodiment, when the pump clock time is changgd to g tine later
than the user-programined times of 4 vsex-programmable reminder alert that has not vet
expired {ie., has neither been cleared nor slept) the user terface genernfes a reminder alert
notification.

Where an alert, reminder or recoverable alarm condition occurs on the pump when
the user interface is displaying the Home screen, the user inferface produces the attention
sequence oft the punp and displays the notification screen that describes the condition.
Referring now to FIG. 17, examples of alert, reminder and recoversble alarm screens are
shown. If the pump is in a sleep state, the yser interface wakes up the pump to present the
notification. With respect {o embodiments inclading & Companion, in the exemplary
embodiment, on the Companion, if the Companion is awake and displaying the Home
screen, the notification screen also is displayed on the Companion. 1 the Companion
screen is aslegp and the user wakes it up when the punap is displaying a notification, when
communication with the pump reswmes, the notification also is displayed on ihe
Companion. The user interfuce allows the user to dismiss an alert or reminder for a
programmable amonnt of time, which the user selects on the notification screen itself
There may be a few exceptions, in the exemplary embodinment, of alert scresn that cannot be
disnuigsed, but only cleaved.

Referring now fo FIG. 184, in the exemplary embodiment, the user opens the SET
SLEEP TIME edit item screen when the nser accepts the Sleep Time item on an alert or
reminder potification screen. The user accepts the Sleep Time item fo define (he period of

tmze for which to sleep the notification, Referring now to FIG. 1¥B, in the exemplary
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embodinent, the user may program up to six reminders (however, in some embodinments,
the user may program a greater number ot remxinders) specifying a time of day and choosing
10 enable or disable the reminder, The user interface generates a reminder alert for enabled
reminders when the clock time changes (o the user-prograramed time for the reminder. The
expiration ime for all reminders that are “sleeping” is adjusted whenever the user change
the pumip clock time andfor date, so that the actual amount of time for which the alert is
steeping reflects elapsed time that maiches the user-specified sleep thime. When the user
changes the clock time to a thme later than the user-programmed expiration fime for a
reminder that hus not expired, the reminder will be detected when the user returns to the
Home screen, and the alert will be generated. Additionally, if the user changes the date
forward, the punp user interface generates an alert for all enabled reminders that age not
“sleeping” when the user returns to the Home screen.

For a bolus reminder, if the stact of the udtinal bolus delivery (either a normal bolus,
or the normal bolus portion of a dual bolusy occuried withis 2 hours of an enables bolus
reminder time, the user interface clears the bolus reminder alert. 1€ the start of a normal
bohus has ot ocourred within 2 howrs of the programmed boles reminder time, the user
interface displays the reminder alert at the programmed time.

For a bolus reminder, i the start of a normal bolus delivery (either a nornual blus, or
the normal bolus portion of a dual bolus) ecewred with 2 hours of an enabled bolus
reminder time, the user inferface clears the bolus reminder aleri. If the start of the normat
bolus has not occurred within 2 hours of the programmed bolus reminder time, the user
interface displays the reminder alert a1 the programmed ime.

in the exemplary embodiment, clearing a reminder does not disable the reminder.
The alevt condition will be detected sgain when the reminder expires (when the clock
changes (o the user-programmed time for the enabled raminder, or a time/date change
caunses the reminder o expire}. The user tuterface will generate the reminder alert
notification unil the ser disables the reminder through the ALARM SETUP:
REMINDERS screen,

The user interface penerates & reminder alert potification once a day for all user-
programnable reminders that ars enabled, provided the user does not change the clock time
1o a time earlier than the reminder after the reminder slready expired; or does not change the
date. When the user enables a reminder alert, if the user programmed time is fater than the
curvent clock time, the nser interface penerstes the reminder alert potification before the end

of the corrent 24-hour period. Conversely, when the user enables a remsinder, if the nser-



10

30

CA 02930689 2016-05-20

programmed time for the rensivder is sarlier than the carrent tine within the current 24-hour
period, the user interface does not generate the reminder alert until the next day.

Referring to FIGS. 19A-19E,in the exemplary embodiment, with respect to alarm
counditions, these include, but are not limited to: “QCCLUSION ALARM™ “RESERVQIR
ALARM” “BAD BATTERY ALARM”, “NO INSULIN ALARM”, and “INACTIVITY

Referring to FIGS. 20A-201, in the exemplary embodiment, with fespect 1o alert
conditions, these include, but are pot Himited io: “LOW BATTERY ALERT”, “LOW
INSULIN ALERT”, “INACTIVITY ALERT, “PUMP IDLE ALERT™, “STOPPED
ALERT™, "CANCELLATION ALERT" (i.e., when the device imes out after a value has
been changed but not saved), “CHECK. BG ALERT™ (when the CHECK BG care conunent
is enabled, this alert is generated by the user interface when 2 hours bas elapsed since the
lust canpula prime), “SITE CHANGE ALERT” glert { when this user-programmable care
eonument is enabled by the user, the user imterface genevates this alert when the amounns of
{ime between the last cannula prime and the time specified by the user-programmable
setting for the STTE CHANGE care comment Frequency item elapses), and “INSULIN
TEMP ALERT™ (when this user-programmable care comment is enabled, the yser interface
generates an INSULIN TEMP ALERT potification when the taternal temperatare of the
Pomp exceeds a threshold preset temperature, or is fess than a threshold, preset temperatire,
which, in the exemplar embodiment is 96.8 +- 3.6 degrees Fahrenheit (36 4/ 2 degrees
Celsius) and 37.0 +/- 3.6 degrees Fohrenheit (2.8 +/- 2 degrees Celsius) respectively. Tn the
exemplasy embodiment, the infasion pumyp inchudes at feast one temperatire sensor nside
the pump housing or pump body (and either in the reusable portion or the disposable portion
of one embodinsent of the infusion pamp). In some embodiments, the infusion punp
tncludes more than one temperature sansor.

As discussed above, Reminders may be user-programmed by the user inio the user
interface. in the exemplary embodiment, six veminders may be programmed, however, in
other embodiments; a greater number of Reminders may be user-programmed. Each
Reminder tncludes specified time for the reminder, g message and an indication of whether
the Reminder is “on™ or “off”. Thus, the user muy set up different Remunders in the six
Reminder screens and save those seitings. whether or not any of the Reminders are turned
on. On any given day, the user may {urn on or off any of the six reminders.

in the exemplary embodiment, the user interface presents a list of programamable

values for the Message ftem, which include, but are not limited to: “Check BG™, “Wakeup™,
g R » {LIN
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*Basal”, “Bohs", “Exercise”, “Meeting”, “Pickup™, “Snack”, “Meds™. Refemring now 10
FIGS 21A-21B, an example of the REMINDER format screens are shown for both the 12-
hour Time Format and the 24-Hour Time Format respectively.

in the exemaplary embodiment, Care Comments, for example, “INSULIN TEMP™,
“SITE CHANGE”, “CHECK B(G7, may be individeally enabled or disabled by ihe user.
The Care Comments generate a CARE COMMENT ALERT at the specified time. With
respect (o INSULIN TEMP, as discussed above, once this Care Comment is enabled, a
CARE COMMENT ALERT will be penerated when the temperature inside the pump either
exceeds or goes below the set threshold. With respect to CHECK. B(, this Care Conunent,
when enabled, will ALERT 2 hours following a cannula prime.

Referring now 1o FIG. 22, with respect o the SITE CHANGE, this Care Contmeit
requires ihe user 1 select fhe Frequency based on the last cannula prime. For example, if
the user scts the Frequeney to “3.4 days”, when the SITE CHANGE care conunent is
enabled, the pump with SITE CHANGE ALERT 3.0 days following the latest in time
cannula prime.

With respect to the Care Comments, i the exemplary embodiment, the user
interface provides a “Disable Al option that allows the yser 10 disable all Care Conunent
alerts. When the “Disable AlI” items on the OPTIONS screen is set to “Yes”, this setting
overrides the individual settings for the INSULIN TEMP, SITE CHANGE and CHECK BG
Care Comment settings.

Basal and Pamyp Idle

In the exemptlary embodiments, the infusion pumps may deliver a “basal” of {luid or
insulin, in the exemplary embodiment. In the exemplary embodiments, the term “basal™
takes ot its accepted meaning of a doss of insudin or other fluid delivered ata “rate”,
sypically, Units/Howr, The infusion pump may be placed in an “IDLE” mode by the user
throagh the “STOP BASAL™ function of the user intexface. Also, as discussed bevein, the
pump may place itself into IDLE mode in some circumstences. Thus, IDLE is a mode in
which the pump stops delivery of the basal rate. Additionally, in TDLE mode, the pump, in
the exemplary embodiment, can not deliver any insulin, thus, the pump’s delivery is
suspended or “idle”.

{ut the exemplary embodiments, IDLE mode 15 required for functions where there
delivery may be aflected. Those functions may include, nit are not limited (o: change to the

date and/for time; change of hardware, i.e., reservoir or battery: and/or a change in the

currently active basal rate; snd/or change to-basal limits.
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fnn ihe exemplary embodiment, onoe the pump is placed into IDLE mode, the pump

will alert the user at an interval, e.g., every 5 mimues. This is a safety measure to ensure the

user is aware the pump is not delivering, Thus, the IDLE mode is instigated by the user,
and therefore, the user is aware the pump is not delivering. As the putnp will remind the
uset of the IDLE mode, this ensures the user is continuously aware the pump is not
delivering.

With respect to power, in the exemplary embodiment, where the puinp senses there
is 1o power, the pamp will notify the user as the purap will assume there has been 3 baltery
failure. However, where 8 user is changing the battery (Le., changing the power source), the
user is aware that there will not be power for the time it takes to replace the battery. In the
exemplary embodiment, the user may place the pump into IDLE while changing the battery,
Thus this tells the pump that the power fathwe is expected. Thus, this Tathure analysis
feature assists the pump in distinguishing between a power failure and an intended power
supply removal.

In this way, the pump only allows a silent shutdown (2 shutdown not accompanied
by & notification from the punp) when the user places the pump in IDLE before removing
the baitery. As a safety, however, in the exemplary embodiments, the pump will continne
its IDLE TIMER, and will alert the user at an interval, that the pump remains in idle. This
alzo will occur where the battery ar power source bas been rensoved, as in the exemplary
embodiment; the infusion pump includes a super capacitor back-up power supply that will
prevent the infusion pump rom having a silent shutdown as the infusion punp will have the
power (o alert the aser of the shutdown., Further, the super capacitor’ back-up power sepply
allows the infusion pump 0 notiy the user at infervals during IDLE mode, even when the
power supply has been removed and before a power supply has been replaced.

Bolus

in the exemplary embodimants, the term “bolus™ takes {he meaning of a vohume of
instidin delivered upon reguest. The tersr “pormal™ bolus equates to 1 bolos where delivery
commences upon request. The term “extended bolus™ refers to a volume of insulin
delivered over a yser-progranumed period of time. Thus, for example. a “normal” bolus
may be 5.5 U, where delivery {3 commenced at request. An “extended™ bolus or 553U niay
be delivered over 2 hours. A “dual” bolus is a combination of 2 novinal bolus and an
extended bolus, where the user specifies the units to be delivered as a pormal bolus, and the
time over which the extended bolus is to be delivered. For example, a dual bolus of 6.5 U

may be delivered as follows: 1U delivered as a.nommual bolus, and 5.5 U delivered over 2
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hours. Additionally; in the exemplary embodiment, a bolus termed a “Qbolus™ refers to o
QUICK BOLUS, which is a normal bolus in which ihe user interface immediately brings
the user to g screen where the user simply scrols to enter the Units for the normal bolus.
Referring now to FIGS. 23A-23B, a selection of at least some BOLUS screens ave
shown, Referring first to FIG. 234, one of the methods of programming and delivering a
noemal bolus is by selecting the MANUAL item on the BOLUS MENU screen, which

displays the BOLUS select item for edit screen. Through the BOLUS screen, the user may

program a Normal, Extended or Dual bolus. The values that appear on the screen vary

depending on the bolus type that the user selects.

The Extended bolus features allow the user to deliver a bolus over a longer period of
time by specifying a length of time over which the bolus should be delivered. When
programuming an Extended bolus without using a bolus calculator, the Bolus item s set 10
dashes. When using the Food only calculator, the Bolus item is set to the calculated Carb
Insulin vaiue; for a Food and Correct or Food & Correction bolus, the Bolus item is set o
the calculated Carb Insulin value minus the 10B amoant. For any calculated bolus, the
bolus amount is based on the pump delivery resolution (which may vary between pump
embodiments) regardless of the user-programmable bolus increment. However, when the
user makes a change to 3 caleulated value on the BOLUS screen, the user-progranumed
bolus increment is used. Fot example, if the calculated vatue was 0.55 U, and the bolus
increment setiings is 10U, when the user edits the Bolus viue, ¢ downward increment
changes the value to 0.0U, and an upward incrememt changes the value to 1LOU.

Also, in the exemplary embodiment, if the user changes the Bolus amount for an
extended bolus io 0.0U, the Duration item is removed from the BOLUS screen. The user is
allowed to accept Deliver for 9 0.0U bolus, but no bolus history is generated fora 0 bohe.

A duai botus atfows the usex to program and deliver a bolus that consists 6f a normal
bolus that is delivered immediately, and an extended bolus that is delivered over an
extended (user-defined) period of time. When an extended bolus is currently runaing, the
user is not allowed to program & dual bokus. If the user changes the Extended amount of
00U, the Duration item is removed from the BOLUS screen. The user is allowed 1o accept
Deliver for a 0.01 bolus, but no bolus history is generated for a ¢ bolus.

Referring wow to FIG. 238, QUICK BOLUS screens are shown, A QUICK
BOLUS, or QBOLUS screen displays a programmable number, allowing the user to quickly
program a normal bolus, bypassing the screen on which the bolus type is selected. In the

exemplary embodiment, 8 QUICK BOLUS is delivered as o Normal bolas.
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In the exeniplary embodiment, while the pump is i IDLE, a bolus may nof be
delivered. If a user requests a bolus delivery and the pump is in IDLE, the user interface
will remind the user to “Start Basal before blousing™. This serves as a reminder to the user
that the pump is in IDLE, and thus, the user must start basal prior to blousing.

Adduionally, 1n the exeraplary embodiment, while the pump is delivering an
extended bolus, if the user requests a second extended bolus, the nser interface will display
a WARNING “Extended Belus already in progress™, This serves to remind the user they
have already programmed an extended bolus.

A correction bolus is a bolus calenlated using the [U DROP value discussed above,
and used to calcudate how much insulin to deliver 1o bring the user's blood glucose value to
a desired level. Ii the exemplary embodiment, when CORRECTION is selected from the
BOLUS, it this is done within 2 hours of the fasi bolus when the Insulin Profile Type setting
is Rapid, or 3 hours of the lat bolus when the Insulin Profile Type setting is Short, the user
imerface displays the “Less than 2/3 hours since last bolus® WARNING, The user may still
coniinne programming a corsection bolus afier accepting “OK™, This WARNING screen
serves to mform the user of the duration since their last bolus before they proceed with
requesting & correction.

Referring now to FIG. 244, in the exanpliry embodiment, when bolus: data is not
avaiiable for the antire action lime period, the user miterface displayvs the 108 valugé on the
Home screen with a greater than or equal symbol, and generated the “10B may not include
all boluses™ WARNING when one or move of the following are trae, which include, byt are
not lisatted to:

1) When less time than the user-programmed action time has elapsed since the

bolus log was initiglized, and the user accepts the Next sction selection on the
BLOOD GLUCOSE screen (in the exemplary embodiment, the bolus log is
initialized when the pump is without power for at feast 15 mimes and the time
and date s set to dashes at power up),

2} When the number of boluses in the bolus history that ocourred with the user-
progranumable action time exceeds 10, or the 10B ainount is greater than 34X,
and the aser accepts Next sction selection on the BLOOD GLUCOSE screen.

3) When there is o bolus history due to loss of time and date, and the user accepts
then Next action sefection on the BLOOD GLUCOSE sereen.

4} When the user presses the back bution on the BOLUS screen that was populated
with g calcudated Insulin value from the BLOOD GLUCOSE sereen, and the
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1O0B value is displayed on the BG CALC DETAILS screen with a question
mark.

Referring to FIG. 24B, iu the exemplary embodiment, with respect o programming
a bolus using one or both calculaiors {correction calculator or food and correct calculator), if
the Bolus amount calculates (o 8 value less than or equal 10 0.0U, the aser interface displays
the “Zero bolus calenlated. Cancel bolus?” CONFIRM screen.

Referring to FIG. 24C, when a bolus history has been estgblished (which, in the
exemplary embodiment, is established when at least one bolus has been delivered); the user
interface cafculates the amownt of JOB that s still active {o sebiract from the caleulated
nsulin amount for a Correction bolus. When there is no bolus history and at least 2 hours
(when insulin profile setting is Rapid) or 3 hours (when insubin profile setting is Short) have
not yel efapsed since the bolus log was initialized, if the user programs a bolus using the
Correction calculnor, the user interfuce displays the “Last bolus time unknown. Continue?”
CONFIRMATION scraen, when fhe user accepts the FOOD & CORRECT o just
CORRECTION ftem on the BOLUS MENU screen.

Referring now to FIG. 24D, in the exemplary embodiment, the user interface
imposes a maximum bolus for all types of boluses, defined by the user-programmable
setting, Bolus Limits Maximum (SETUP:BOLUS LIMITES). The user interface displays
the “Maximam bolus of fnnnn} U exceeded. Cancel Bolus? CONFIRMATION screen
when the user does at least, but pot limited to, sny one of the following:

1) Programs  bolus using either the Correction or Food caleulator, and attempts to
deliver a botus with a caleulated insulin value that is greater than the maximum
botus linut. In the confinmation message text, [on.an} U is the valee of the
maxinim bolas Hmit setting (SETUP: BOLUS LIMITS). The user interface
displays the confirmation screen when the user selects “Next™ on the FOOD or
BLOOD GLUCORE, and the bolus value calculation is greater than the user-
programmable setting for bolus maximum inmit

2) Programs g dual bolus and the total bokus amownt for the combined Normat and
Extended exceeds the maximum bolus amount. The user interface displays the
confirmation screen when {he user selects Deliver on the Dual Bolus screen
when the combined bolus amount is greater than the user-programmable setting
for bolas maximam lmit.

As discussed above with respect to the Home screen, the user interface includes

readily available information regarding the OB and the last bolus. In the preferred
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embodiment, the Units and the amount of time elapsed since the kst bolus way be on the
Home screen. Additonally, in the exemplary embodiment, the user interface meludes 8
series of HISTORY screens. Referring now to FIG. 25, when the user accepis the
HISTORY item on the BOLUS MENU or REPORTS MENU screen, the user interface
displays the HISTORY 1 of nscreen. The aser may clock through history details for the 10
most recently delivered boluses. In other ernbodiments, more than the 10 most recently
delivered boluses may be available using this feature. The HISTORY screens show records
for completed boluses, including normal (which includes one-button and Qboluses), and
extended boluses. The records are ordered by completion time, with the most recently
completed boluses displayed first. Thus, the user interface provides easy access to the last
H) bolus records, including both the Usnits, the type of bolus (e.g.. normal, extended, ete.)
and the elapsed time since the bolus was completed.
Diary and Reports

Referring now 1o FIG. 26, in the exemplary embodiment, fhe REPORTS MENU
screens provides access to the pump diaries and the bolus history. After ihe pump is fully
imitialized, the user accesses the REPORTS MENU screen by selecting REPORTS on either
the MAIN MENU screen, or the Activity-Based Home screen. On the pump, when
engineering access 15 enabled, the REPORTS MENU screen includes & SEND DIARY
option for sending pump logs to a PC. These are described with respect to FIGS. 31-34D.

Referring naw 10 FEG. 27, in the exernplary embodiment, when the aser selects and
accepts the PUMP DIARY wtems on the REPORTS MENU screen, the user interface
displays the PUMP DIARY screen, from which the user may select {o view or send diaries.

Referring now to FIG. 28, in the exemplary embodiment, when the user aceepts the
THERAPY item on the PUMP DIARY screen, the user interface displays the Daily Therspy
Summary screen for the current day (the 24-hour period beginning at 12 AM ia the
exemplary embodiment). The Daily Therapy Semmary screen shows the total daily dose,
which includes all basal and bolases delivered for that 24 howr period, and exchudes vohume
delivered through device primes. For an extended bolus that spans more than one day, the
total daily dose includes that portion of the extended bolus that was delivered within the 24
howr period. The user may scroll through Daily Therapy Summary screens for up to the
previons 30 days. The Frst entry is the current calendar day; the 30% entry is 30 calendar
days ago. For example, if the current date is June 14, 2008, the first daily therapy entry is

June 14 and the 30% entry is May 16. H there is no delivery data in the therapy diary for 29
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days earlier that the current date, the user interface displays Daily Therapy Summary
screens for the number of days from the current date to the esrhiest date in the therapy diary.

The therapy diary is read {rom the most recent date to backwards in time. While
reading the therapy diary, if the user interface encounters an entry with a later date than the
Iast event that was read, the delivery data for that day (the day of the last event that was
read} is considered complete with all entries are ignored until an earlier date is found.

When there is no delivery data for a given date the total daily dose summaries for that date
are 0.0U and the % Basat tiem is removed form the Therapy Summary screen.

If the diary entries indicate a basal rate other than O when a powerup event was
encountered, the summary details for that day are removed from the Therapy Swnmary
screen, and “Invalid data”” is displaved instead. If the current day s the first day of pumip
usage and the first basal delivery begins later than 12 AM, the peried of fime between 12
AM and the first basal delivery date is represented as 0.0U/Mh. Similarly, the period of hme
between the time when the user accepted the THERAPY Hem on the PUMP DIARY screen
and the end of the current 24-hour period also i3 represented as 0.0U/h.

Referring now o FIGS. 29A and 29B, i the exemplary embodiment, when the user
gccepts the EVENTS item on the PUMP DIARY screen, the user inierface displays the
Event Summary screen for the pump event that occurred most recently. The Event
Summary screen displays the date and time that the event occwred, a description of the
event, and may or may not include additional details, depending on the event. For example,
related to delivery include progranuned and delivered amounts; other events such as
extended boluses and femporary basals include durations. The user may review Event
Summacy screens for at least 150 events (however, in other e-.mbudh’n.ents} additional events,
i.e., greater than 150, may he viewable), which are ordered from the event that occurred
most recaotly (frst entry) to the event that occurred farthest in the past {last entry).

Referring now to FIG. 30, n the exemplary embodiment, when the user accepis the
ALARMS item ob the PUMP DIARY screen, the user interface displays the Alarm
Summary screens for the most recent recoverable or non-recoverable alarm. The user may
scroll through Alarm Summary screens from past alarms.

Referring now to FIG. 31, in the exemplary embodiment, when the engineering
access is enabled, the REPORTS MENU screen includes # SEND DIARY item. When the
user accepts the SEND DIARY item on the REPORTS menu screen, the user interface
displays the SEND DIARY screen. Here, the user may select from a list of logs to send to a
PC.
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Referring now to FIG. 32, in the exemplary embodiment, when the user accepts the
SEND DIARY item on the REPORTS MENU! screen, then accepts any item other than
DONE on the SEND DIARY select item screen; the user inferface displays the “In the PC
Connection Ready?” confirmation screen. When the user inlerface displays the SEND
DIARY screen sfter the user selected “Yes” on the “Transfer Another Log?” confinmation
screen, and the user selects any item other than “Done”, the “Is the PC Comnection Ready?”
screen is not displayed.

Referring now to FIG. 33, when engineering access is enabled, the nser may send
diary logs to the PC. In the exemplary embodiment, while transferving a diary log, the user
may choose to write the resulting log file to the PC in ASCH format. After the user has
coufirmed that the PC connection is ready by selecting “Yes™ ou the “Is the PC Connection
Ready?” confirmation screen, the user interface displays the “Ascii formal?” confinmation
screen.

Referring now to FIG. 344, in the exemplary embodiment, when engineering access
is enabled, the user may send diary logs to the PC. While ransferring a diary log, the user
may choose to prepend configaration information in the resulting log file on the PC. Afler
the user has selected “Yes or “No” on the “Ascii fonmat?” confirmation screen, the user
interface displays the""P;gpend vonfig info?” confinmation screen.

Referring pext to FIG. 348, in the exemplary embodiment, when engineering aceess
is enabled, the user may send diary fogs to the PC. While transfesring a diery log, the user
may choose whether to include record numbers in the resulting log file on the PC. After the
user has selecied “Yes or “No” on the “Prepend contig info?” confirmation screen, the user
interface digplays the “Include record mamber?” confinmation screen.

Referring now to FIG. 34C, in the exemplary embodiment, when engineering accdss
is enabled, the user may send diary fogs 1o the PC. Wiiile transferring a diary log, the user-
may choose 1o erase the log on the pump. The user interface transitions from the SENDING
screen {o the “Transter Complete Erase Log?” confirmation screen when the data transfer
has finished. ‘

Referring now to FIG, 34D, in the exemplary embodiment, when engineering sccess
is enabled, the user may send diary logs to the PC. Once ong log has been tansfaived, the
user interface displays the “Trausfer Another Log?” screen. Wheve the user selects “Yes”,
the user interface returng to the SEND DIARY nmenu.

While the principles of the invention have been described herein, it is 1o be understood

by those skilfed in the art thai this description is made only by way of example md not as a
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Limitation as tythe scope of the invention. Other embodiments are contemplated within the
scope of the present invention i addition to the exemplary embodiments shown and deseribed
herein. Modifications and substitutions by one of ordinary skill in the art are considered to be

within the scope of the present invention.
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What is claimed is:

1. A method of changing a power source in an infusion pump comprising:
placing the infusion pump in idle mode wherein the infusion pump stops dclivery;
removing the first power source from the infusion pump;
replacing the first power source with a second power source in the infusion pump; and
maintaining the insulin on board during the changing of the first power source with the

second power source.

2. The method of claim 1, further comprising sending a notification when the time between the

first power source being removed and the second power source being replaced exceeds a

threshold.

3. The method of claim 1, further comprising sending a notification when the infusion pump

cannot determine a date and time.

4. The method of claims 1, further comprising sending a notification when the infusion pump

cannot determine an amount of time in which the pump did not have power.

5. The method of claim 1, further comprising requiring the user review a setting for a current

time to ensure the current time is accurate.

CA 2930689 2018-09-10
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6. The method of claim 1, further comprising requiring the user review a setting for a current

date to ensure the current date is accurate.

7. The method of claim 1, further comprising when an extended bolus was stopped before

any infusible fluid was delivered and this extended bolus is the last bolus in the infusion pump’s

history, reflecting the extended bolus as the last bolus details on the home screen.

8. The method of claim 1, further comprising allowing a silent shutdown.

9. The method of claim 1, further comprising continuing an idle timer and alerting the user

at an interval that the pump remains in idle.

CA 2930689 2018-09-10
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FIG. 8A
SETTYPE SET TYPE INSULIN PROFILE
Rapid Short
Next
Default Setting insuiin Type Short Value Open for Editing

FIG. 8B
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DISPLAY DISPLAY DISPLAY DISPLAY
Bullons = on Right LR Ehiie | | Buttons = on Right
Timeout = 15 ses Timeout = 15 sec Timdout= thaee
Home = information Home = Information Home = Information

Buttons = on Right
Timecut = 15 seg
< Home Sinfarmation”

Next Next Neott
Default Screen Change Buttons Change Timeout Change Home
Selection Value Value Screen
WON
UOHBLRUOM = BWOM
W6 uo = suopng
AVISIG
Display Orientation
On Left
{Pump Only) _
FIG. A
SET BUTTONS SET BUTTONS DISPLAY
' Butions = GRRIEN
s Timeout = 5 53¢
on Right on Left Home = lnformation
Next
Default Setling Buttons on Left Value Open for Editing

FIG. 9B
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SETHOME SET HOME DISPLAY
Buttons ~ on Right
, - Timeout =15 §
information Activity e - g
Next
Default Home Screen  Use Activity-Based Value Open for
Home Screen
FiG. 10A

Activity-Based Home Screen on Pump - Magnify Of

BASAL
ALARMS

STATUS

(START

BOLUS
BABAL
ALARMS
STATUS

FIG. 10B

Activity-Based Home Screen on Pump - Magnify On

| BOLUS

0B m.. 108 faarms M| 108 ¥Start
0.06U BOLLS Q.0064 STATUS Q.00 BOLUS
| BASAL w | BASAL | PRIME W | BASAL
o | ALARMS ||| s | AL ARMS |1 | stweem | REPORTS |1 | s | ALARMS

3:30 PM| STATUS v 3350PM| STATUS v 330 PM 8is 6:26 PM | STATUS

FIG. 10C
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Information-Based Home Screen on Pump - Magnify On

3t Bolys | I L.ast Bolus’ (Last Bolus
’Sﬁf Laﬁafi’zus tB = Laﬁoiz s !1%%8 1.50U o None ]
Basal Qaliy " Eﬁ%oa? - Temp Basal
_sTopPED | SRRV = | %50, e e
SIEPMMam S0 509 QYRI5 P GEYET
Stopped Delivery  Magnified Delivery  Last Bolus Details  Temporary Basal
Mode (Qutline) Details (Highlight} Delivering

FIG. 10D

Information-Based Home Screen on Pump - Magnify Off {Highlight Cursor Only)

- LastBolus
108 000U (Ext)
0.0U BAted
. 1h $1m ago
ma | Daily
B | 010 UM
328 PM Main

Magnify Off

FIG. 10k
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1U DROP U DROP 1 TUDROP 5 1UDROP 2
Time mgidl |} Time mgfdl. Time mgidL4 | Time mgfdl,
e | 1200A 8 [} 0100 AM 22 1200 AM 18
05:00 PM 10 08:00 Al it

Add Block  Next | (REREERY Next | CRERSES  Next | |Add Block
Oefault Salection  Default Selsction Show Scroli Bar Advance to Next

when no blocks when af least 1 when mote than 2 Screen
have been created block exists blocks exist
yet
FIG. 11A
14 DROP 14 DROP 1 1DROP 5 {UDROP 2

Time mmoli, Time mmobl{] Time mnolits Time mmoiL.
R | 1200 AM 10 $1:00 4.2 {2:00 AM 1.8
17:00 a8 08:00 Al *06

Add Block  Next | fGREeems  Next | GRREeqans  Next | |Add Block

FIG. 11B
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LOCKEDITEMS ~ LQCKEDITEMS  LOCKEDITEMS  LOCKED ITEMS

Basal = Unlocked || GELrE RN Basal = Unlocked Basal = Unlocked

Bolus = Unlocked Bolus = Unlocked Bolus = Unlacked Bolus = Unlocked i
Primea = Uniocked Prime = Unlocked Prime = Unlocked Prime = Unlocked
Next Next Next

Default Screen Lock/Unlock Basal Lock/Unlock Bolus  Lock/Unlock Prime
Seiection

FIG. 12
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Dashed
ftems must

be set.

Accept Next when a
Value is Sst To Dashes

FIG. 13A

WARNING

Stop delivery
befors using

this function.

SETUP soreen
Stop Delivery Warning

FIG. 13B
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WARNING

Time and dafe
cannot be saved

of pump.

FIG. 14A

WARNING

Prafarences
cannot be saved
o7 pump,
Ok
Companrtton niot

Communicating with
Pump

FIG. 148
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THERAPY LOCKOUT THERARY LOCKQOUT THERAPY LOCKOUT

Lockput = Off Logkaut = On Lockout ~ QRIS LD
Durstion = Always Duration = Always
Dong
Default Selection Duration ltem Lockout Open for
Available when On Editing

FIG, 15
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RADIO RADIO

S Radig= Qi oo

Done
Default Selpction Change Radio Selting

FIG. 16
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REMINDER CANCELLEDALERT CHECK BGALERT  INACTIVITY ALARM

Waketp Ctangaor Check BG due Delvary
ackon was fo site change. has stopped,
Sleep Time = 0h 15m cancatied, Steep Time = i 15m

N Clear ictls) Clear
User- Alert with Single Care Comment  Recoverable Alarm
Programmabie Action Selection Alert
Reminder

FIG. 17
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SET SLEEP TIME SET SLEEP TIME. REMINDER
Snack

Oh 15m 120 00m | |seep 1o - €

Sleep Clear

Minimum Value Maximum Value Value Open for
{Default Seiting) Editing

FIG. 18A

REMINDER REMINDER REMINDER REMINDER

Wakeup Wakeup Wakeup Waketp

Sleap Time JESlseo Tive = Oh 150
Sleep Clear |{Sleep Clear

| Defaull Salection Clear Reminder  Select Sleap Time Magaify = Off
{Magnify = On)}

FIG. 18B
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OCCLUSION ALARM

Defivery
s stogped.

Clear the A!arm

FIG. 18A

RESERVOIR ALARM

Dafivery
has stopped.

Clear the A!arm

FIG. 19B

BAD BATTERY ALARM

Delivery
has stopped,

Clear the Alarm

FIG. 19C
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NO INSULIN ALARM

Delivery
has stopped.

Clear the Alarm

FIG. 19D

INACTIVITY ALARM

Defivery
has stopped.

Afarm after 15 minules

FIG. 19E
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LOW BATTERY ALERT LOW BATTERY ALERT LOW BATTERY ALERT
Replace the Replace the Replace the
battery. baitery. battery.

Sieep Time = Oh 18m Sieap Time = -fj ~m
CIEES Clear || Steep (@fs=18)| Sleep Clear
Sieep the Alert Clear the Alert Select Sleap Time

{Oefault Selection}
FIG. 20A
LOW INSULIN ALERT LOW INSULIN ALERT LOW INSULIN ALERT LOW INSULIN ALERT
Refill the: Refil the Refiithe Refill the
1ESEIVOl, TESEreDIn YESEIVONY. _feservoir
Steep Time = 0k 15m Slesp Time = «h - Sieep Time ; L Sleep Time = O 15 -
Clear || Sleep Q&g | Sleep Cloar | {Sleep Clear

Sleep the Alert Clear the Alert  Select Sleep Tims Magnify = OF
(Default Selection) (Magnify = On)

FIG. 20B

INACTIVITY ALERT

Press anter
10 veset.

Clear
Alert First

FIG. 20C

PUMPIDLEALERT  PUMPIDLEALERT  PUMP IDLE ALERT
Fump hot Pump riot Pumg not
started, stared. slarled.
SteepTime=0h 15m || Sleep Time=-h-m Sleep Time |
EEE8  Clear | Sleep (@sklg| Sleep  Ciear
Sisep the Alert Clearthe Alert  Select Sleep Time
{Default Salection)

FIG. 20D
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STOPPED ALERT

Normal bolus
stoppad.

120 108U

Clear the Alamm

FIG. 20E
CANCELLEDALERT  CANCELLATIONALERT

Change or
acfion was

Chiange or aclion

,, was cancetiad.
cancelied as cancetiad

Clear the Alert Alert Screen Displayed
on the Cormpanion

FIG. 20F

CHECK BG ALERT

Check BG due
fo site change.
Steep Time = Gh 15m

FIG. 20G

SITE CHANGE ALERT
Time for
site change.
Sigep Tima = 0h 15m

Default Selection

FIG. 20H
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INSULIN TEMP ALERT
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insufin at risk,
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12-Hour Time Format

REMINDER 1 REMINDER 1 REMINDER 1 REMINDER 1

Time = 1200 PM oo Hme Time = 318 PM Time = 315 PM
Message = Snack Message = Snack R YIRTR N || Message = Snack
OnfOff = On OnfOF = On OniOf = On :
Done i Next Done )| Next Done i Next Done

Default Selection Sef Reminder Time  Select Message Enable/Disable

FG. 21A

24-Hour Time Format
REMINDER 1 REMINDER 1 REMINDER 1 REMINDER 1
Time = 120008 1R ' Time = 15:15 Time = 15:15

Message = Snack | Message = Snack Message = Snack
On/Off = On On/Off = On OniDf = On - Opfoft
Done ji Next Done j{ Next Done j{ Next Done

Default Selection Set Reminder Time  Select Message Enable/Disable

FIG. 218
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SITECHANGE  SITECHANGE  SITECHANGE  SITE CHANGE
Rt = On

Nett= OF Nert=OF

Frequency = 2.0 days “Froqueney = 2.0 days || Frequency = 2.0 days

Done il Next Done || Next oy Next
Default Selection Change Frequency Enable/Disable the Site Change Alert
Alert Enabled

FIG. 22
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BOLUS BOLUS _
- Boius Type = Nomal Bolus Type = Normal
Bolus = 0.0 U Bolus= 18U
Deliver Deliver Deliver
Default Selection Change Bolus Start Bolus
Amount
BOLUS BOLUS
Bolus Type = Exterded | | Bolus Type = Dual
Duralion = -h ~m Eviended = -~ U
Deli Duration = -h ~m
eliver
Bolus Type Bolus Type
Changed to Changed to Dust
Extended
FIG. 23A
QUICK BOLUS QUICK BOLUS

00u | 1.5u

Detault Setting Detiver 1.5U

FIG. 238
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WARNING

OB may not
intlude afl
bolusss.

No Bolus History/More
than 10 Boluses within
the Defined Action
Time

FIG. 24A

CONFIRM CONFIRM

Zero bolus
cakuiated.

Zero holus
caiculated.
Canesl bolus?

Default Selection Cancel the Bolus

Cancef holus?

FIG. 24B
CONFIRM CONFIRM

Last bolus
finte Grinown,

Last bolss
fime unknown.

Continua? Continug?

ves GHEHS

Default Selection Proceed with the
Bolus

FIG. 24C

CONFIRM CONFIRM

0060 Max 40,004 Max
exceaded. exeseded.

Cancel boiys? Cancel bolus?
ITYOPN : . NO
Default Selaction Confirm Cancet

FiG. 24D
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HISTORY HISTORY 1 of 3 HISTORY 201 3 HISTORY 3of 3
Nomia! Bolus Noms! Bolus Nomial Bolis
None .08 of 08U 0.5 of 0.8 .27 9f 03U
th 3mago th3Zmage 28h 26m ago
Done Done

Display “Nong” when no bolus history; Only three boluses in history {1 of 3, 20f 3, 3 of 3}
History includes up to 10 boluses; user interface displays records for most recently completd
10.

FIG. 25
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REPORTSMENU ~ REPORTSMENU ~ REPORTSMENU  REPORTSMENU

SRR tsteles! | BOLUS HISTORY | BOLUS HISTORY] | BOLUS HISTORY
PUMP DIARY SRR | PUMP DIARY 11 PUMP DIARY
DONE DONE DONE -~ IMSENDDIARY =
DONE
Review Review Return to Enginesring Access
Bolus History Pump Diaries Home Screen Enabled Includes

SEND DIARY

FiG. 26
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PUMP DIARY PUMP DIARY PUMP DIARY PUMP DIARY
THERAPY

THERAPRY THERAPY

EVENTS EVENTS SN EVENTS
ALARMS ALARMS S| | ALARMS
DONE DONE DONE

View Therapy  View Pump Evenis View Pump Return fo Home

Summary Screen

- FiG. 27
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May 19, 2008/ 0.5 May 18, 2008 May 17, 2008 May 18, 2008 f0.0U
Rolus 0.00 Bolus 0.0
Basal 0.5U fnvalid data. invalid data. Basal 0.0U

100% Basal

Done

First Summary  Invalid Dalivery invalid Delivery  Day with 0 Delivery
Screen (Yesterday}

FIG. 28
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Jun 01, 2008 &:55 AM  Jun 01, 2008 955 AM  Jun 01, 2008 9:55 AM  Jun 01, 2008 9:55 AW
Basal Basai Rate Slant Basal Basal Rale
Selacted 3.90 Ul Daily 070Uk
Exerdise
]Ml Done ]ﬁ@ Done ﬁm Done !}@! Done
Jun 01, 2008 55 AWM Jun (1, 2008 9:55 AM rdun 01,2008 9:20 AM Jun 01, 2008 313 AM
Piime Dione SatPrime || Temp Done Stop Ext,
180U 180U 060U 8454
over Oh {7
m Pone ﬁm Daone !ﬁm Done g§@§ Done
Jun 81, 2008 200 AM  Jun 01, 2008 8:55 &M Jun 01, 2008 8:59 AM  Jun 01, 2008 8:58 AM
Snack Start Temp Basal Rate Bosal Rate
Reninder 0.80 U 880 Uh 8.70 Lk
for Gh 30m
§§m‘ Done ‘§@‘ Done !}@‘ Done !EW Done
Jun 01, 2008 8:80 AN Jun 01, 2008 §:59 AM Jun 01, 2008 8:58 AM  Jun 01, 2008 B:58 AM
Stop Temp Bolus Done Start Bolus Glucose
£h 3m 8250 235U 200 mg/dL.
200,037 001
!ﬂ@' Done ﬂ@! Done ﬁﬂ! Dong ﬂ@n Done
Jun 01, 2008 .57 AM Jun 01, 2008 8:57 AM  Jun 01, 2008 8:57 AM  Jun 01, 2008 8:55 AM
STOPPED Stop Bolus Start Bolus Stert Temp
ALERT 1.204 3800 50%
381,60,08 for Gh 30m
ﬂma Done ﬂ@! Daone !&@‘ Done ﬂ@! Done
Jun 01, 2008 8:85 AWM Jun 01, 2008 8:55 AM Jun 01, 2008 8:55 AM  Jun 01, 2008 8:55 AM
Basal Rale Stant Ext, Stad Basal Basal Rate
$.35 Ut 140U Dally Q.70 Uk
over 7h 30m
gw: Done
Jun 01, 2008 B:54 AM  Jun 01, 2008 8:54 AM Jjun 01, 2008 8:54 AM 'Jun 01, 2008 8:54 AM
Stop Prime Start Prime Basal Basal Rate
0804 186U Selectad 0.06 U
Daily
ﬁ@i Done giﬁ! Done gi@s Done ﬂ@s Done
FIG. 20A
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Jun 01, 2008 8:54 AM May 31, 2008 228 PM May 31, 2008 229 PM Jun 01, 2008 9:?39\&{

SITE CHANGE Stop Basal
Power Up Power Downt ALERT Dally
!@! Done ﬁm Done !E@l Done n@! Done
May 27, 2008 2236 PM  May 27, 2008 2.06 PX  May 27, 2008 8:57 AM  May 27, 2008 8:57 AM
Ext. Done Start Ext. Error 0516 TimeiDate
7708 6u Infa 9, 48 et
over 0h 30m gvar Bh 36m 0.0
€5  Done B Done 50 Done i@ERE  Done
FiG. 298
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Jun D1, 2008 &:57 AM  May 27, 2008 8:57 AM May 19, 2008 3:09 PM May 19, 2008 2:54 PM

STOPPED Error 6516 WNACTIVITY NACTIVITY
ALERT Info: 0, ALARRS ALERY
08
gm Done ﬁm Done ggmg Done
May 9, 2008 7,09 PN May 8, 2008 7:08 PM  May 8, 2008 7.08 P May 8, 2008 7:00 PM
BAD BATTERY WO INSULIN RESERVOR OCCLUSION
ALARM ALARM ALARM ALARM
!@l Done m Done I}ﬁl Done !ﬁ@! Done
May 31, 2008 7.20 PM May 31,2008 229 PM My 31, 2008 720 PN May 31, 2608 720 PM
CHECK BG SITE CHANGE LOW TEMP HIGH TEMP
ALERT ALERT ALERT ALERT
G Donc @B  Done IEEIR  Done
Jun 01, 2008 2:00 Afv{ Jun 01, 2008 S.00 AM Jun 01, 2008 .00 AM  Jun 01, 2008 S:00AM
Snack Pickup Bolus Chack BG
Reminder Reminder Reminder Reminder
!@l Done !ﬁm Done ‘}@! Done gg@g Done
May 9, 2008 7.00 PM  May 8, 2008 T-09 PM  May 9, 2008 7.08 PM DIARY
LOW INSULIN LOW BATTERY l PUMP IDLE Nong
ALERT ALERY ALERT
lﬁ@l Done !ﬂ@l Done Hi
0 Alarms Logged
FIG. 30



CA 02930689 2016-05-20

39/42

_SENDDIARY  SENDDIARY  SENDDIARY  SEND DIARY

EUIEEED | cLucosE GLUCOSE GLUCOSE

s | EVENTS
ALARMS ALARMS NS || ALARMS
ENGINEERING {fl ENGINEERING |/ ENGINEERING,

Send Glucose Log  Send Eventsbog  Send Alarms Log  Send Engineering
L
SEND DIARY SEND DIARY SEND DIARY %9
EVENTS ALARMS ENGINEERING I
!

ALARMS ENGINEERING || ENGALARM
ENGINEERING BOLUS

e

CENGALARM

Send Enginesring  Send Bolus Log Return {0 the
Alarm Log Home Screen

FIG. 31
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CONFIRM ~ CONFIRM

lsthe PG
Connection

ste PO
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Ready? Ready?

Default Selection

Screen Sequence

FIG. 32



CA 02930689 2016-05-20

41/42
CONFIRM _ CONFIRM
Astit format? Asdl format?
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CONFIRM  CONFIRM

Prepand. Prepend
config info? config info?

FIG. 34A
CONFIRM CONFIRM
Include Induce
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numbes? nuber?
el No
FIG. 34B
CONFIRM CONFIRM
Trainafer Transfer
Compiele Compisie
Erase Log? Erase Leg?
No
FIG. 34C
CONFIRM CONFIRM

Teansier Transier
Ancther Log? Another Log?

FIG. 34D
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