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INFUSION PUMP APPARATUS, METHOD AND SYSTEM

CROSS REFERENCE TO RELATED APPLICATION(S)

The present application s a Non-Provisional Application whach claims priovity from
ULS. Provisional Patent Application Sertal No. 61/301 957, filed February 5, 2010 and
gntitled Infusion Pump Apparatus, Method and System (Aftorney Docket No. HOt Y,
which 1§ hereby mcorporated herein by reference miis entirety.

TECHNICAL FIELD

The present disclosure relates to medical devices and more pavticularly, 1o an

infuston pumyp apparatus, methods and systems.
BACKGROUND INFORMATHION

Many potentially valuable medicines or compounds, including biologicals, are not
orally active due to poor absorption, hepatic metabolism or other pharmacokmetic factors.
Additionally, some therapeutic compounds, although they can be orally absorbed, are
sometimes required to be administered so often it is dafficult for a patient to maintain the
desired schedule. In these cases, parenteral delivery is often emiployed or could be
emploved.

Effective parenteral routes of drug dehivery, as well as other fluids and compounds,
such as subcutaneous nyection, intramuscubyr injection, and intravenous (IV) admimstranon
include puncture of the skin with a needie or siylet. Insulin is an example of a therapeutic
fluid that s selt-mgected by nullions of diabetic patients. Lsers of parenteratly delivered
drugs may benefit from a wearable device that would antomancally deliver needed
drugs/compounds over a period of tine.

To this end, there have been efforts to design portable and wearable devices for the
controlled release of therapentics. Such devices are known to have a reservoir such as a
cartridge. syringe, or bag, and 1o be electronically controlled. These devices suffer from a
mumber of drawbacks including the malfunction rate. Reducing the size, weight and cost of
these devices is also an ongoing challenge. Additionally, these devices often apply to the

skin and pose the challenge of frequent re-location for appheation.
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SUMMARY

in accordance with one aspect of the present invention, a system 1s disclosed. The
system includes a {ill adapter device including a heat exchanger wiich includes a heating
element and a fluid pathway, the Thad pathway flwidly connected to a lilling needle input,
whereby fhind enters the heat exchanger through the illing needle mput and flows through
the fluid pathway and whereby the fluid is heated by the heating element. The system also
inctades a reservoir inchuding @ planger and a phunger rod and a filling needle configured to
be removably attached to the veservorr, wheren the fill adapter 1s configured to be attached
t0 a vial of Duid and wherein flutd from the vial flows through the fluid pathway and is
heated and loaded into the reserveir through the filling needle.

Some embodiments of this aspect of the mvention may inchude one or move of the
following. Wherein the system further includes a pump to pump fluid into the fluid
pathway at a predetermined rate. Wherain the system further meiudes a check valve for
metering flaid into the fluid pathway whereby the rate of flow of flwid through the heat
exchanger 1s controller. Wherein the system further meludes a processor for controlling the
heating of the fud according to one or more preprograromed profiles. Wheremn the system
further inctudes wherein the filling needle mpwt ts a septum. Wherein the system further
inchsdes an air trap whereby the aiy trap allows air 1o fow owt of the heat exchanger.
Wherein the system further inclades wherein the air trap comprising a hvdrophobic filter.

In accordance with one aspect of the present invention, s fill adapter device is
disclosed. The fill adapter device inclades a heat exchanger including a heating element
and  a fluid pathway, the fhad pathway fluidly connected to a flling needle mput and a
vial, whereby fluid from the vial enters the heat exchanger and flows through the fluid
pathway and whereby the fluid is beated by the heating element.

Some embodiments of this aspect of the wvention may mohude one or more of the
following. Wherein the device further includes a pump to pump fluid into the fluid pathway
at a predetermined rate. Wheremn the device further mcludes a check valve for metening
fluidd to the fhuid pathway whereby the rate of {flow of fluid through the heat exchanger is
controller. Wheren the device forther includes a processor for controliing the heating of the
flmid according to one or more preprogranuned profiles. Wherein the device further
inchudes wherein the {ill adapter is configured io be attached to a vial of fluid. Wherain the

device further mcludes wherein the {illing needle input is a septum. Wheren the device
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further inchudes an air trap wherghy the air trap allows siv o Bow ot of the heat exchanger.
Wherein the device further mcludes wherein the air trap comprising a hydrophoebic filter.

in gecordance with one aspect of the present invention, a method for stmospheric
nitigation in an infusion pump s disclosed. The method includes a pressure sensor sending
dala 1o a pumip processor at a predeternuned interval, determining if the data exceesds an
alarm threshold, if the data exceeds a predetermined alanm threshold, the processor
indicating to the user fo disconnect from 3 cannula, deternining if the data meets a pre-
determined safe threshold, and mdicating to the yser to re-connect {o the cannula.

in accordance with one aspect of the present invention, an infusion pump svstem is
disclosed. The system includes a reservolr, an active check valve located downstream from
the reservoir and upstream from a cannula, a passive check valve having a cracking pressure
{ocated downgsiream front the reservolr, and a puanp processor, wherein the active check
valve is opened by the pump processor for scheduled pump deliveries, wherein when fhnd
pressure overcomes the aracking pressure, the passive check valve opens, and fluid fows
from the reservoir and through the passive chack valve,

in accordance with one aspect of the present invention, an nfusion pump system is
disclosed. The system includes a reservorr and at least one valve downstream from the
reservoir wheretn af least one valve 1s a pressure compensation valve having a cracking
pressure wherein a differential pressure related to the change a altitude of the infusion pump
cases the at least one valve to open.

In accordance with one aspect of the present invention, 8 method for atmospherie
mitigation in an mfusion pump is disclosed. The method includes receiving information
related 1o a scheduled departure and a scheduled landing time, modifving the frequency of
processing data related to altitude based on the information, determining, by comparing the
information and the altimeter, whether a change in schedule may be nocwgring, alerting a
user of a change of schedule, requesting updated schedule information, and modifving the
scheduled delrvery of fluid based on the entered schedule a altimeter duta.

In accordance with one aspect of the present mvention, an wtfusion pup system s
disclosed. The svstem includes a reservoir comprising a planger, at least one sensor for
determining the location of the phunger, and a processor configared 1o receive information
from the at least one sensor. The processor is confipured to modify the frequency of
determination of the location of the plunger and the processor is configurad to determine the
volume of flwd either siphoned into or delivered out of a reservolr and modity scheduled

pump deliveries for a predetermined amownt of time.
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in accordance with one aspect of the present wnvention, a system for femperatwe
compensation for an infusion pump is disclosed. The system inclodes at least one
tenperature sensor and at least one processor, the processor i compumtication with the
femperature sensor,
wherein the processor determines a targel phunger position and, based at feast upon
communication from the temperature sensor, modifies the targes plunger position based on
the temperature sensed.

In accordance with one aspect of the present invention, a system for pressure
mutigation for an infusion pump 1s disclosed. The system mcludes at least one pressure
sensor; and a processor, wherein the pressure sensor sends data 1o the processor and the
processor mitigates pressure changes if the pressure changes meet a preprogrammed
threshold.

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 1o those of
ordinary skill in the art when read in conjunction with the appended claims and

accompanymg drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other featwres and advantages of the present invention will be better
understood by reading the following detarled description, taken together with the drawings
wherein:

FIGS. 1A-1B ave front and back sometric view of an embodiment of an infusion

pump

FIGS. 1C-1E are side and front views of the infusion puanp asseaibly of FIG. §;

FIG. IF 15 a front isometric view of the infusion pump assembly of FIG. 1;

FIG. 3 is an dlusirative view of one embodiment of 8 remote control assembly;

FIG. 4 15 a dlagrammatic view of the infusion pump assembly of FIG. 1,

FIGS. 10A-T0E depiet a ploraldy of hook-and-loop [astener configurations
aceording to some embodiments;

FIG. 11 s an iHustration of one embodbnent of a holder;

FIG. 12 15 an iHustration of one embodiment of a user wearing a holder;

FIG. 13 s an ilastration of one embodiment of the back of a holder;

FIG. 14 15 an dustration of one embodiment of a vial with a temperature gange / label;
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FIG., 15 15 a Howchart of one smbodiment of method for atmospheric pressure
deternunaton and mitigation;

FIG. 16 15 an sdlustration of one embodiment of a passive and active check valve
embodiment;

S FIG. 17 15 an tlustration of a cross sectional view of one embuodiment of a Hill adapter;

FIG. 18 s an dlustration of @ vial system for maintaining & vacuum within & vial
according to one embodument;

FIG. 19 15 an illustration of a vial apparatas according to one embodiment; and

Appendix A 1s one embodiment of a muicro check valve used 1 some embodiments.

10
DETAILED DESCRIPTHON OF THE EXEMPLARY EMBODMENTS
Definitions
As used in this description and the sccompanying claims, the following terms shall
15 have the meanings indicated, unless the contaxt otherwise requires:

A “device” shall mean a medical device, which meludes, but 1s not lhmited 1o, an
infusion puwap and/or a controller, Le., a device for wireless control of another medical device.

AN

In some embodiments, the word “device” is used mterchangeably with “puup”, “infusion
pump” andfor “controller™ and/or “Companion™ andfor “remote controler device” and/or
20 “remote controller assembly™.
A Companion™ shall mean g device for wireless control of gnother medical device, In
the exemplary embodiments, the Companton may also include a glhucose mater! strip reader.
An “mpot” of a device includes any mechamsm by which a user of the device or other

operstor/caregiver may control @ function of the device. User inputs may inchude mechanical

| 2
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arrangemients {g.g.. switches, pushbutions, jogwheel{s})), electrical arrangements {a.g., a shder,
touch screen), wireless imterfaces for commumication with a remote controller (e, RF,
infrared), scoustic interfaces {e.¢., with speech recogmstion}, computer network interfaces {e.g.,
LUSB port), and other types of interfaces.

A “button” m the context of an input sach as the so-called “bolus button™ discussad
30 below may be any type of user input capable of performing a desired function, and is not
linuted to a pushbutton, a shider, switch, touch screen or a jog wheel.

An “alany” inclodes any mechamsm by which an alert may be generated to a user oy
third party. Alarms may include andible alarma {e g, a speaker, a buzzer, a speech generator),
visual alavms (eg, an LED, an LCD screen), tactile alarms {e.g

=

., a vibrating element}, wireless
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signals (e g, a wireless ransmission 10 a remote controller or caretaker), or other mechanism.
Alarms may be generated using multiple mechanismos simultanecusty, concorrently, orin a
sequence, ncluding redundant mechanisios {e.g., two different audio alarms) or
complementary nmechanisms (&.g., an awdio alarm, a tactile alarny, and a wireless alam).

S “Fluid” shall mean a substance, a hgusd for example, that is capable of Sowing
through a flow line.

A “user” meludes 3 person or animal who recetves fluid from g fludd delivery device,
whether as part of @ medical treatment or othenwise, or a caregiver ot third party imvolved 1n
progranuning the device or otherwise interacting with the device to fuse fhnd to another.

10 “Canmula”™ shall mean a disposable device capable of infusing fluid 1o a user, A
canmia as used hevein mayv refer to a raditional canmula or 1o a needie.

“Disposable” refers to a part, device, portion or other that 1s mtended to be used for a
fixed duration of time, then discarded and replaced.

“Reusable” refers to a portion that 1s mtended 10 have an open-ended duration of use.

—
i

“Acoustic volume measurement” shall mean quantitative measurement of 8 relevant
volume using acoustical techniques such as those deseribed in ULS. Patent Nos. 5,349 852 and
3,641,892, which gre hereby mcorporated by reference berein in their entireties, as well as
other techniques.

A “temperature sensor” inclades any temperatiwe determination device / mechanism
20 for measuring temperature and communicating temperatore iformation (o g controller and/ or
to a pumyp processor. The devices desceribed herein wmay mclude one or more temperature
sensors for measaring such things as mchuding, but not limited {o, one or more of the
following: user skin temperature, AVS temperatare, ambient temperature, internal pump

temperature, plunger temperature, drive train temperature and thad tempertures.

| 2
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An sxemplary use of embodiments of the devices, methods and systems described hers
1s for the delivery of insulm to people living with diabetes, but other uses inclade delivery of
any thid, as described above. Fluids mclude analgesics to those i pain, chemotherapy to
cancer patients and enzymes (o patients with metabolic disorders. Various therapeutic fluids
may inclade small molecules, natural products, peptide, protemns, nucletc acids, carbohydrates,
30 nanoparticulate suspensions, and associated pharmaceuntically acceptable carrier molecules.
Therapeutically active molecules may be modified to improve stabihty in the device {eg., by
pegylation of peptides or proteins). Although iHastrative embodimeants herein describe drag-
delivery applications, embodiments may be used for other applications including hguid

dispensing of reagents for high throughput analytical measurements such as lab-on-chap

"’
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apphications and capillary clromatography. For pumposes of description below, terms
“therapeutic”, “msudin” or “fhad” are used interchangeably, however, in other embodiments,
any fluid, as described above, may be used. Thus, the device and descniption included herein
are not linuted 1o use with therapeutics.

S Some embodiments of the fluid debvery device are adapied for use by people tiving
with diabetes andfor their caregivers. Thas, o these emboduments, the devices, methods and
systems work to delivers insulin which supplements or replaces the action of the person living
with diabetes” (referred to as the user) pancreatic 1slet beta cells. Embodunents adapted for
imsulin delivery seek to mimic the achion of the pancreas by providing both a basal level of

10 fhad 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 a wireless handhbeld user interface or divectly by using a
pump. Additionally, basal and/or bolas levels may be inggered or adjusted 1n response to the
output of a glucose meter, which m the exemplary embodiments, is integral to the controller.

In other embodiments, the controller additionally includes a glucose monitoring device which

153 receives data from a blood ghicose sensor. In some embodiments, 3 bohs may be nigpered by
a user using a designated button or other input means located on a device, Lo, on the controller
and/or on an infuston pump. In still other embodiments, the bolus or basal may be
programmed or administered through 3 user interface located either on the fluid delivery
devicedinfusion pemp andfor on the controller.

20 With respect to the names given to screens and types of screens, as well as proper
pames given 1o various features, throughout vartous embodiments, these terms may vary.

The systems and methods described berein may be used to control an infusion pump.
For purposes of this description, the vanous embodiments of the wser interface and the infusion
pump may he desenbed with reference o an insudin pump, or a punyp which infuses insulin,

25 However, it should be understood that the user mterface may be on an infusion pump andfor on

a controller. Additionally, where the description perlams to an infusion pump “screen”, thus

“sereen” may also appear on a controller, or may appear on & controfer i liew of a pump.
Infusion pumps contemplated by this description include & purap wihich may punp any

fhid, including, but not tented to, a thevapeutic fuid, which includes, bul is not limited to,

30 insulin. Thus, where this description describes the exemplary embodiment as pertaining 1o
nsulin, this is meant mevely for descriptive purpose only as the device is not intended to be
limited to mswlin. Other flinds are also contemplated. In some embodiments, the methods,
systems and devices described heretn may be used i conjunction with msulin “pens™ andfor

fluid debivery “pens”™, which are known m the avt,
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The mfusion pamp may be any mfusion pump, for example, bt not limited to, the
pamp devices shown and described with respect to FIGS. 1A-1F and those incorporated herein
by reference, and include, but are not himited to, those incorporated heren by reference. Inthe
various exemplary embodiments, the mfusion pump is a syringe-pump, i.e., the flud s

S pumped or delivered 1o the user when a plunger advances in a syringe, pushing the flusd inside
the syringe info a cannula. Where the cannula 15 connected 1o a user {1.e., the canula 15 within
the user’s subcutaneous region) the fuid is delivered subeutaneously to the user.

in the exemplary embodiment, the mfusion pump includes hardware for wireless RF
communication with a controller. However, 1n various emboduments, the infusion pump may

10 be any infosion pump. Referring to FIGS. [A~TF and 2A-2D, in some exemplary
embodiments, the mfusion pump may include a display assembly 104, however, in other
exemplary embodiments, sach as those shown wn FIGS. 2A-2D, the infasion pramp may not
include a display assenibly. In these embodiments, a display assembly which may be similar

0 the one shown in FIGS. 1A, 1D aund 1F, or may be larger or smaller, is included on a

15 countroller or companion device. An embodiment of the controller or compamion devica is
shown w FIG. 3.
Referring 1o FIGS. 1A-1F, an embodument of an infusion pump assembly 100 that may
be housed within enclosure assembly 102 1s shown. Infusion pump assenbly 100 nway melude
a display system HA that may be visible through the enclosure assembly 102, One or more
20 switch assemblies / input devices HI6, 108, 110 may be positoned about various portions of
the enclosure gsserbly 102, The enclosure asserably 102 may inchude wfusion port gssembly
112 to which cannula assembly 114 may be releasably coupled. A removable cover assembly
116 may allow access to a power sapply cavity 118 (shown i phantom on FIG. D).
Referring to the infusion pump assemblies shown in FIG. TA-1F infusion pump
25 assembly 100 may include processing logic (not shown), which may be referred to as the pump

provessor, that executes one or wrwe processes that may be required for infusion pump
assembly 100 to operate properly. Processing logic may mclude one or more nacroprocessors
{not shown), one or more mput / output controllers {not shown}, and cache memory devices
{not shown}, One of more data buses andfor memory buses may be used to interconnect

30 processing logic with one or more subsystems. In some embodiments, at least one of the
subsysteims shown in FIG. 4 is also included in the embodiment of the infusion pump assembly
200 shown m FIGS. 2A-2D.

Referring now to FIGS. 1A~1F and FIG. 4, examples of the subsystems interconneciad
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404, display system 406, vibuation system 408, audio syxtem 410 motor assembly 416, force
sensor 413, temperature sensor {not shown) and displacement detection device 418 (which
may be referred to as a device to determine and/or detect the distance the plunger has moved
with respect to the svringe barrel'syringed. Infusion pump assembly 100 may tnclude primary

S power supply 420 {g.2. a battery) configured to be revnovable installable withan power supply
cavity 118 and to provide electrscal power 1o at least a portion of processing logic 400 and one
or more of the subsystems (e.g., mermory system 402, input system 404, display svstem 406,
vibration system 408, audio system 410, motor assembly 416, force sensor 412, and
displacement detection device 418}

10 infusion pump assembly 100 may clude reservoir assembly 430 configured 1o
contain mfusible fhnd 422, In some embodinients, reservolr assembly 430 may be a reservoir
assembly sinnlar to that described 1n ULS. Patent No. 7 498 563, issued March 3, 2009 and
entitled Optical Displacement Sensor for Infusion Devices (Attomey Docket No. D78), which

is herein mncorporated by reference in its entirety, andfor as described in U.S. Patent No.

—
i

7,306,578 issued December 11, 2007 and entitled Loading Mechanism for Infusion Pump
{Attorney Docket No. C54); PCT Application Serial No. PCT/US2009/0601 58, filed October
9, 2009 and entitled Infusion Pump Assembly, now Pubhication No. WO 2010:042814,
published April 15, 2010 { Attorney Docket No. FS3TWO); and U.S, Patent Application Serial
N0.12/249,882, filed October 16, 2008 and entitled Infusion Pump Assembly, now US.

20 Publication No. US-2010-0094222, pubhished Aprid 15, 2010 (Attorney Docket No. F51), all
of which are hereby incorporated hevein in thewr entireties, In other embodiments, the
reservolr assembly may be any assernbly i which Huid may be acted upon such that at least a
portion of the fhmd may fow out of the reservoir assembly, for example, the reservoir

assembly, in various embodiments, may include but is not finited to7 a barrel with a planger. a

| 2
Ta

barrel with a plunger conngcted {o a plunger rod, a cassette andfor a container at keast partially
construcied of a flexible membrane.

Plunger assembly 424 may be configured (o displace infusible fhud 422 from reservoi
assembly 431 through cannula assembly 430 (which may be coupled to infusion pump
assembly 100 via infusion port assernbly 424) so that infustble fluid 422 may be dehivered to
30 eser 454, Inthis particular embodiment, phunger assembly 424 15 shown (o be displaceable by
partial aut assembly 426, which may engage lead screw assenmbly 428 that may be rotatable by
motor assembly 416 i response to signals recetved from processing logic 400, In this
particidar embodiment, the combination of motor assembly 416, plunger assembly 424, partial

met assernbly 426, and lead sorew assembly 428 may form a pump assembly that effectuates
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the dispensing of infunible fluid 422 contained within reservolr assembly 430 An example of

partial nut assembly 426 may include but 1s not limited 1o a nut assembly that is configared to

wrap around lead screw assembly 426 by e g, 30 degrees. In some embodinments, the pump

assembly may be similar fo one described m ULS, Patent No., 7,306,57%, issued December 11,

S 2007 and entitled Loading Mechanism for Infusion Pump (Attorney Docket No. CS4y, U S

Patent Apphcation Serial No 12249 882 filed October 143, 2008 and entitled Infusion Punmp

Assembly, now U.S, Publication No. US-2010-0094222, published April 15, 2010 (Attomey

Docket No. F313; and U.S. Patent Application Sertal No. 12/249 891, filed October 10, 2008

and entitfed Infusion Pump Assembly, now ULS. Pablication No. US-20009-0099523 pubhished
10 April 16, 2009 (Attorney Docket No. G46), all of which are herein incorporated by reference

in ther entireties.

USERINTERFACE
Throughout this description, screens may be referenced with respect o the “punp” or

“Companon of “Controller”. However, in various embodiments, a stmilar screen or a sinuilar

—
i

method may be accomplished on another device. For example, where the screen or method

W

referenced with respect to the “pump”, a similarly functional screen or method may be used on

the “Companton™ ot “Coniroller™ in other embodiments. As this description includes
smbodiments related to both pumps having displays and pumps baving no displays, # should
be evident that where the embrodiment inclades an infusion pump withouot a display, any
20 screens will be visible on a Companion or Controller. Simlarly, where a method requares an
nteraction between the user and the pump, the interaction may be sccomphshed via a switch
assembly on the pump where the pump is an infusion pemp without a display.
Processing logic which in some embodiments, mcludes at Jeast one element as shown

in described with respect to FIG. 4, 15 used to recetve inputs from & user or caregiver. The user

| 2
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OF COregIver Uses one o more input devices or assemblies, including but not imited to, one or
more of the following: button ¢ switch assembly, shider assembhes, mchuding, but not hinsted
t0, capacitive sliders Gvlnch may include, for example, including but not hnuted to any slider
described in ULS. Patent Application Serial No.11/999 268, filed December 4, 2007 and
entitled Medical Device Including a Slider Assembly, now US. Publication No US-2008-

3 0177900, published July 24, 2008 (Atormey Docket No. F14), which is bereby incorporated
hevein by reference in its entirety, jog wheel andior touch screen. The infusion device
addiionally received mpuis from internal systems, mcluding but not imiied to occlusion
detection process 43§, confirmation process 440, volume measurement technotogy {e.g.,

acoustic volume sensing). Usig these mputs, the infusion device produces outputs, for
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example mohuding, but not Hintted to, infusion fuid delivery to the wser or commients, aletts,
alarms or warnings to the user. The nputs are thus exther divectly From the user o the pump,
divectly from the pump systems 1o the processing logic, or from another device, e.g., a remote
controller device (described in more detat] below), to the pump. The user or caregiver

S interaction experience thas includes, but s not lmited to, one or move ol the following:
interaction with a display {either on the infusion punyp device itself or a remote controller
device or both}, which includes but 15 not imited to, reading/seeing text and/or graphicson a
display, direct interaction with a display, for example, through a touch screen, interaction with
one or more battons, shders, jog wheels, one or more glacose strip readers, and sensing either

10 thwough touch sensation or audio, one or more vibration motors, andfor sn audio system. Thus,
the term “user mterface” s used io encompass all of the svsiems and methods a aser or
caregiver interacts with the ifusion pump, to control the mfision pump.
Referring now to FIG. 3, in some embodiments of the infusion pump system, the

infusion pumyp may be remotely controlled using & remote controller assembly 300, also

—
i

referred to as a controller or a compamon. Ramote control assembly 300 may wclude alf, ora
portion of, the functionality of the mfusion pump assembly shown in FIGS. FA-IF, selfl
Thus, in some exemplary embodiments of the above-descrnibed miusion pump assembly, the
infusion pnp assembly (not shown, see FIGS. 1A-1F, amongst other FIGR.) may be
configured via remote control assembly 300, In these particular embodiments, the infusion
20 pump assembly may include telemetry circuwitry {not shown) that allows for conwnunication
{o.g., wired or wireless) between the infusion pump assembly and ¢.g., vemote control
assembly 300, thus allowing remote control assembly 306 to remotely control infusion pump
assembly 100, Remote control assembly 300 {which may also inchude telemetry circustry {not

shown} and may be capable of comnmunicating with infusion pump ssseimnbly) may include
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display assembly 302 and an input assembly, which may include one or more of the followiny:
an mpuwt control device (such as jog wheel 306, slider assembly 310, or another conventional
made for mput into a device}, and switch assemblies 304, 308, Thus, slthough remote control
assembly 300 as shown m FIG. 3 meludes jog wheel 306 and shider assembly 310, some
embodiments may include only one of either jog wheel 306 or shder assembly 310, or auother
30 conventional mode for input into a device. Tn embodiments having jog wheel 306, jog wheel
306 may nchude a wheel, ring, knob, or the like, that may be coupled to a rotary encoder, or
other rotary transducer, for providing a conirol signal based upon, at least in part, movement of

the wheel, ring, knob, or the hike.
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Remote control assembly 300 may mnclade the ability to pre-program basal rates, bolus
alarms, delivery imsiations, and allow the user to view hustory and to establish user
preferences. Remote control assembly 300 may also mnclude a glucose sinp reader 312,

During use, remote control assentbly 300 nay provide wnstractions to the infusion

S pump assembly via g wireless communicanion channel established between remote control
assembly 300 and the infusion punyp assembly. Accordingly, the user may use remote control
assenibly 300 to program / configure the infusion pump assembly, Some or gll of the
compumication between remote control assembly 300 and the infusion pumyp assembly may be
encrypted to provide an enhanced level of security.

10 in the exemplary embodiments of the user interface, the user imterface may require user
confinmation and aser input. The exemplary embodiments of the user interface are centered on
ensuring the aser knows the effect of varions interactions on the pump. Many examples will
be presented throughout this description of the pump compunncating the result of the user’s

actions to the user. These features ensure the user understands thew actions and therefore,

—
i

imparts greater safety onto the user. One such example i3 throughout the exemplary
embodiment of the user interface, where the user presses the back butten on a screen after a
value has been changed, the user interface displays the Cancel Changes confirmation screen, as
shown i FIG. 6. I the user selects “Yes”, the user muterface discards any pending changes,
closes the confirmation screen and goes back to the previous screen {i.e., the screen previous to
20 the screen where the user pressed the Back button). When the acthion selection 1 “No™, on the
“Cancel Changes?” confirmation screen, the user presses the enter button or other depending
on the embodiment, and the user mterface closes the confirmation screen and returns to the
sereen with pending changes. This feature prevents the owcome where the user assumes the

changes have been implemented, but in fact, they have not been. Thas, this featare prevents
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that circamstance and ensures the user understands that the changes have not been
mplemented.
TEMPERATURE

In vartous embodiments of the mnfusion punip, the user may wear the infusion pump
either attached to a belt, attached 1o another article or clothing or 8 garment such that the device
30 is worn on the body, or, in some ersbodiments, attached to an undergarment, i a pocket or, in
some embodiments, attached to the skin of the user. The user generally wears the mfusion
pump as close to twenty-four (24) hours a day as possible, and in some cases, removing the
device for short periods of time, for exampie, buat not imited to, during an MRI or other

treatment that may effect the device andf/or while showering/bathing. Thus, during the normal
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corrse of the user’s wearing the mfusion panyp, the nfusion pump may be exposed o vavious
temperatures, incloding, temperature swings, which may mclude positive temperature swings
and/or negative teraperature swings. These temperature swings may be the result of the user
stepping out of doors, into a cold room, o a hot room andior under a blanket or other
S warmng sgent
The fhud contained m the reservoir while in the pump, which, as discussed ahove, rany

inchide, bt is not limited to insulin, has a thermal expansion coefficient which may be referved
10 as a general vohumetric thermal expansion coefficient. Thus, during a temperature
swing/differential/change, whetber positive or negative, the fluid, or msuhn, will expand or

10 coutract. Various factors nay contribute to the expsnsion or contraction of the fluid including
It not Hmited to the rate of change of the temperature, Thus, m some embodiments, the
amount of expansion or contraction may be a function of the temperature.

Addinonally, in various embodiments of the various embodiments of the devices

described, the components of the pumps also have thermal expansion coefficients. These

—
i

thermal expansion coeflicients may vary depending on the maierial.  Thus, where the various
components are made from different materials, the thenmal expansion coeflicients may vary.
In some embodiments, a change in teroperature may alfect a thermal expansion or
thermal contraction of the {hnd and/or ore or more components of the wfusion pump. For
example, but not himited to, an increase i femperature may cause an increase in the diameter
20 of the reservoir / synnge 4340 (for iHlustration only, please refer to FIG. 4). This may be
because the relative thermal expansion of the syringe compared with the fluid governs whether
fhad is delivered or pulled back. Thus, this in tam may cause any fluid/insehin in the cannula
454 1o Bow backwards, towards the reservoir 430, In this case, a volume of fhud/msulinis

pulted back into the reservoir. Thus, a subsequent request for a debvery by processing logic
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400 may only result in this retracted volume being delivered to the user. Thus, a volume of
flaidfinsudin (the retracied volurne) has not been delivered o the user without request or
knowledge by the user. Another example includes temperature decrease. In some
embodiments, a temperature decrease may cause the veservoirr 430 {o decrease in diameter,
causing fuidiinsalin (o flow to the cannula 450, Thus, an uniended bolus volune 1s
30 delivered to this user. Inthis case, fhaadAnsalin has been delivered to the user withouwt request
or knowledge by the user.

Thus, in the first example, the user may recetve less fuid‘msulin than 15 required or
requested and thas, may experience byperglveemia In the second example, the user may

receive more fluid/imsulin than s required or requested and thas, may experience
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hypoglvcentda. In etther example, the user veceives a fuidiinsulin volume thatis not the same
as the requested or programmed therapy and 13 not notified of the disparity.
in these exaraples, the reservoir 1s assumed to be g cvlinder. Below 1s a mathematical
model of the change in vohume of a cvimder (assuming a constant coefficient of linear
S expansion, ). This is a model for explanation purposes. Addisons! mathematical models
may be determuned to accommodate additional assumptions, for example, a shape other than
a ovlinder, or a syringe with a movable plunger.

AF = F{3aAT + 367AT + o’ f} (B0

Which may be simplified assuming @87 <1 1o
10

T x YAl e

Thus, the volume change of a evlinder made from polypropylene where the
temperatire changes from 30 C o 10 C for polypropylene, which is a material with Hnear

coefficient of linear expansion o = 86 x HF* = would be:
CHE -

_ﬂ
5.6

AV em
e 3] RENO
oo em K

i{ZHA) = {1,529 [eansi

The change n specific volume for water between 30 C and 10 C 1s about 0.40%.
The difference betwesn the two {about 0.12%) applied o a 3 ¢o syringe or reservolr would
20 beabowt 3.6 pf.. However, in addition, the syringe plunger may move n respoense to the
thermal expansion depending on the plunger material and the relationship of the syrmge in
the pump (e, the design of the syringe retention in the pump).
Therefore, there may be a desire to mimnuze the effect of temperature on the delpvery
of flwd, Thus, 1t may be desired to himit or minimize, and /7 or characterize, the thenmal
25 expansion of the fuid andior one or more of the components of the infusion pump, The
systents, methods and apparatus described to punimive the effect of temperature on the thermal
expansion of the fluid and/or one of more of the components of the mfusion pump may inclade
one or move of the following exemplary embodiments,
in some embodiments, selection of nwaterials with predictable and favorable thermal
30 expansion coefficients may muinimize the potential under and over delivery of fhuds as
discussed above. In some embodiments, the syringe material, for example, may be selected to
maich the thermal expansion of the flid. For example, the linear expansion coeflicient for

water ab about 20 C s about:
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Thus, the syringe material may be selected to have an expansion coefficient close to
this value. For example, a blend of polvearbonate and acryloniinle butadiene styrene (also
referred to as “ABS™) could be used to match the thermal expansion coefficient of the fhud.

In scume embodiments, other plastics, for example, but not limited to, polycarbonate, may be
close (o the correct sxpansion cogflicient such that the volume delivered by the syringe pump
gdue 1o the expected teraperature change is nunimal anddor acceptable. In some embodiments,
the plastic or material selecied may be tatlored to the slope of the thermal expansion of the
flaid.

in some embodiments, the material of the plunger and / or the plunger rod may be
selected to thermally differentially compensate for the change in temperaiure. In some
embodiments, the materials for the syringe, plunger and plunger rod may be selected to
thermally differentially compensate for the change in temperature. Also, or in addition to, in
some embodiments, the material of one or more components of the drive train, or any other
component of the infusion pump, may be selected to thermally differentially compensate for
the change in temperature.

In some embodiments, the miaterial for any one or more infusion pump components
may be selecied to have an opposite thermal coetficient, or a thermally compensating matenial
to nupimize the thermal expansion effects of the temperatwre. For example, i higher
temperatures, where the imfusion pumps Syringe expands, the ow of find may be negative. In
some embodiments, at least one component of the drive train may have a negative thermal
constad, thus, having the opposite thermal coefficient. Thus, upon a temperature ncrease, the
syringe dosgs not experience & change i volume.

{n some embodiments, the ase of a material which may underpo a phase change during
a temperature change event may minimize the effect of the temperature differential/change on
the infusion purmp. For example, in some embodiments, the plunger may melude a
predetermined volame of wax, thus, as the temperature increases, the length or position may
increase doe 1o the phase change of the wax. Additional wax features may be added in some
embodiments o prevent flow, In some embodiments, & wax feature may be added 1o wove the
plunger forward a (predetermined} distance such that the resulting change n the volume is
equal to the square root of the dinmeier of the plunger.  Thus, i some embodiments, the use of
a material which undergoes a phase change in response (o temperature/temperature

change/differential may be used to compensate for the change of volume of the syringe due ©
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8 lemperature change. In some embodiments, the material which undergoes a phase change In
response {0 a temperature change may absorb the energy of the thermal differential, thus, for
example, where the temperature is mcreasing, rather than nising the teraperature of the mfusion
pump, the wax, or other phase change material, may melt the wax/phase change material, thus,
S acting as au epergy sink and absorbing the heat,

in some embodiments, the syringe may be constramed in such a way that a change in
temperatare may cause the planger to be advanced or withdrawn to compensate for the volome
change of the svringe. For example, in some embodiments, the syringe may be held in 8 metal
case, the metals that may be used include but are pot limited to, steel, ahwmnom, and ¢/ or any

10 metal with a low coefficient of thermal expansion, which may include, but is not hmited to,

FelNi36, also known as INVARK. The phinger may be made fom a matenal that has a hugh
coeffictent of thermal expansion. Thas, in this example, a decrease in temperature may cause
the syringe plunger to be withdrawn as the diameter of the syringe barrel 18 decreasing. Thus,

balancing these effects, the change in the total vohume may be minimized.

—
i

Characterization and Contrals Compensation

in some embodiments, characterizing the effect of a change in temperature on the
volume of fluid pumped by the miusion device may be completed. In this embodisent, the
pump may be subjected o temperature variation {1.e., both positive and negative} and the
cosresponding response by the nfusion pump may be recorded. The charactenzation may
20 mclude, but s not limnted to, varving mates of chavge {i.e., | degree Celsius per minute, and
whether positive and negative, etc), total temperature variation {e.g., 10 degrees Celsiug, 3

grees Celsius, eic), and / or position of syringe plunger.

de
The infusion pamp may inchide one or more devices andfor components andfor

systemns to determine the temperature. In somne embodiments, the infusion pump may include
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one of more thermistors or other temperatuwre sensars to determine the lemperature. However,
m other embodiments, various methods andéor devices andfor systams o determine the
temperature, either directly or imdivectly, may be used, ncluding, but not lmited to, one or
mare of the following: at feast one resistance temperature device {RTD) andfor at least one
aon-contact infrared device {non-contact IR). The location of the one or more thermustors

30 andior temperature determunation devices may vary. The focations of one of move of the
thermuistors and/or temperature determination devices may include, but is not hmited to, the
drive screw, any location on the drive train, on the syringe barrel, inchuding but not limited 1o,
printed on the syringe barrel, the plunger and / or, the printed civcuit board. i various

embodiments, the one or more thermistor(s} andfor temperature determinaiion devices location



WO 2011/097487 PCT/US2011/023757

may be any where away from the heat sources that woold render a potentially false reading. In
some embodiments, the one or more thermistors may determine the temperature of one or
more focations, including, but not limited to, nside of the syringe, the outside of the syringe,
the wside of the pump, and / or the outside of the pump. Various controls may be determined
S based on o temperature model in any one or more of these locations. Thus, in some
embodiments, the characterization may be made by taking temperature readings both within
the syringe and ouiside of the syringe. In other embodiments, the characterization may be
performed by taking temperatare readings from ovtside the pump and inside the pump. In the
various embodiments, the one or more thernmstors and/or temperature determination devices
10 arve preferably placed in the same location on the pump for use by the user as they were dunng
the characterization.
In some embodiments, the characterization may be completed by measaring the
volume of fluid delivered as a function of temperature. In some embodiments, this may be

accomplished by using a thermial chamber and an infusion set / cannula connected 1o the

—
i

reservolr / syringe delivering fluid to a precision scale. However, in other embodiments, this
may completed by using a thermal chamber and an infusion set/camula connected to the
reservoir/syringe delivering fluid, and following, determuining the position of the phinger inside
the reservon to deternune the total volome of fhnd delivered.

In some embodiments, in practice, the temperature of the pump (in one or more
20 locations and { or taken by one or more thermistors) may be measured and the target position
of the plunger may vary as a function of femperature o compensate for the thermal expansion
of the syringe and’ or the planger. The thermal expansion reading may be determined by
referencing the charactenization data, as discussed above. Thus, in some embodiments, the

target position may be modified based on a look-up able or function approximation of the
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votume change of the syringe with {emperature.

in some embodiments, the infusion pump delivers fuid etther as a basal or a bolug
delivery, and/or a varicty thereof. The basal delivery is a progranumed rate or volume per hour,
The mfusion pump delivers a volume of fluid at preset intevvals for preset durations of time,
The miusion pump may also deliver bolus vodumes. A bolus is a requested volume of fad
30 delivered immediately, Le, at the thme the request is made. One embodiment of the bolus and
basal delivery methods is described in PCT Application Serial No. PCT/US2009/0601 58, filed
October 9, 2009 and entitled Infusion Pump Assembly, now Publication No. WQO
2010/042814, published April 13, 2010 {Attorney Docket No. FSIWOY; and ULS. Patent

Application Seral No. 127249 882, filed October 10, 2008 and entitled Infusion Punyp
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Assembly, now ULS. Pablication No. US-2010-0094222 published April 15, 2010 and entitled
Infusion Pump Assembly {Attomey Docket No. F511, both of which are hereby incorporated
herein by reference in their entiveties. Further, o some embodiments, for example, in the
embodiment described i ULS. Patent No. 7 498,563, issued March 3, 2009 and entitled Optical
Displacement Sensor for Infusion Devices {(Attorney Docket No. D78}, which s herein
incorporated by reference in s entivety, the infusion pump may determine the distance the
phlunger must move to deliver a volume of fluid, e g., a basal volume or a bolas volume. Thus,
in some embodiments of the infusion pump system, the mfusion pump may confiom the
distance the planger moved during a debivery using an optical displacement sensor. In some
embodiments, the infusion pump determunes the number of motor encoder counts per delivery
and confirms movements of the plunger.

However, in various embodiments, the delivery method includes a determination of the
distance the plunger should move (which may be referred (o as the target plunger position} to
deliver the destredftarpet volume, As discussed above, this may be dove by deternuning the
aumber of motor encoder sieps, and 1y other ambodiments, may be another method.
Regardless, the infusion pump makes a deternunation of plunger distance movement,

One example of the characterization and controls compensation methoed is as follows,
The first step may be to characterize the vohune delivered as the temperature changes, This
volome may be a funpction of the amount of fluid contained in the syringe, call this V| and, due
to vanations in the thermal expansion properties of plastics and higuids / Puds, alse, a imetion

of the temperature, call this T. A function, S{7}, may be found empirically that related the

volume change to the temperature change.
I AV
¥ Al

AT )= (EQHS)
The coefficient S{7) may be approximated as a constant, found as a function of
temperature {#s shown ahove} or possible found as a function of both tempersture and
plunger position 8{¥, x}.
Next, the target plunger posttion may be determined and adjusted. The target

position, X, may be adjusted based on the following formala:
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Where D is the plunger diameter, If we substitute in V' = Ef)x {assuming that

1= O where the phiger has veached the end of travel and displaced all of the fhuid in the
svringe} then the relationship may be simphified to;
Ax= { ?’) XAT oy

in various embodiments, this correction may be performed mn different ways, including,
but not Hmited to, the following, In some embodiments, the correction may be done by
delivering on an mierval which may be mote Frequent than the basal delivery mterval, which
may be, but is not limited to, one delivery every e.g., 3 minutes, but in other embodiments,
may be more frequent or less frequent. Fuarther, the position of the syringe may be adjusted
based on the temperature change, maintaining a zero net volume delivered batween regular
deliveries, e.g., basal and / or bolus deliveries. In some embodiments, this may be used for fow
basal rates, where the thenmally driven volunie mayv exceed the repularly scheduled basal
delivery. This may, however, ity some embodiments, require reversing the svringe direction o
prevent delivery.

Another embodiment may include applying the correction when the fluid / josulin s
scheduled for delivery. Thus, the target plungar position may be corrected based on the
measwred femperatare change and estimated theomally-driven volume dehivery. In some of
these embodiments, the correction may be limited such that the plunger may only be drtven in
one direction,

fn some emtbodiments, modeling may vary, and an assumplion may be made with
respect to both length and diameter of the syringe. In addwon, assurnphon may be made
regarchng the effect of temperasture on the thernial expansion coefficient of one or move
components of the infusion pump, including, but not limited to, the drive irain, plunges,
planger rod, miusion pump housing, and cannula.

in some embodiments, adjusting the plunger target may inclade adjusting the target so
that 1t is closer 1o the exit of the syringe, or further awsay from the exit of the syringe. In some
embodiments, the phmger advancement may be modified. In other embodiments, the plunger
may be driven backwards to compensate for temperature. However, in some embodiments,
depending on the infuston punp, 1t may be destred (o hmit adjustment to closer o the exitof
the syringe. This may be due to the potential for backlash.

in some embodiments, a temperature dependant basal rate may be preprogrammed o
the pump for temperature compensation. In these examples, the pump processor receives data

fron at least one temperature sensor. 1 the emperature data indicates that the temperature s
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such, or that the vate of change of temperature is such, that an adjustment should be made, the
processor may signal to alter the preprogramuved basal rate. In some embodiments, this
alteration may be either an additional or a decrease of the basal rate by a preset percentage, for
example, an increase of 30% or a decrease of 15%. Of cowrse, these are only examples, and in

S these embuodiments, the presel alterations may be detenmined 1o be different from those stated.

In some embodiments, the infusion pump may nchude at least one teraperature sensor
and at least one optical sensor. In some embodiments, the optical sensor niay be used to
determine that the plenger advanced. In some embodiments, the distance of advancement may
also be determined. In some embodiments, a small reflective optical sensor theremafier
10 “optical sensor”} that fits into the fonm factor of the infusion pump hardware 15 used. The

opiical sensor has a sensing range that overlaps with the phinger displacements. In the
exemphay embodiment any optical sensor may be used, iclading, bat not Hmited to a
Sharp GP2S60, manufactured by Sharp Electronics Corporation which is a U8, subsidiary

of Sharp Corporation of Osaka, Japan. This opiical sensor confains an infra red enutting

15 diode and infra red sensing detector in a single package. Light from the emitier is
anfocused and boumces off the sepsing surface, some of which makes it back to the detector
resulting in the sensed intensity of hight that varies as a function of distance/angle 1o the
reflecior. In some embodiments, the sensor 5 placed such that the reflective surface is the
plunger.

20 In some embodiments, an optical sensor may be used to determine the level of fhud

in the syringe / reservoir. This information mav be ased to determine whether the plunger
rod has advanced. Together with the temperature sensor information, s may provide
added data / information to deternine a temperature dependant change.
i some embodiments of the infusion pump system, including those embodiments
25 disclosed and described m ULS. Palent No. 7,498,503, issued March 3, 2009 and eniitled
Optical Displacement Sensor for Infuston Devices (Attorney Docket No, D7&); PCT
Application Sertal No. PCTAUS2009/0601 58, filed October 9. 2009 and entitled Infusion Pump
Assembly, now Publication No. WO 2010/042814, published Aped 15, 2010 (Atomey Docket
No. F3TWO and ULS. Patent Application Serial No. 127249882, filed Ootober 10, 200R and
3 entitled Infusion Pomp Assembly, now US. Publication No. US-2010-0004222, published
April 15, 2010 and entitled Infusion Pump Assembly {Atiomey Docket No. F31), alt of which
are hereby mcorporated herem by reference in their entiveties, the mfusion pump may meluds
an optical displacement sensor. This sensor may be used to determine whether the plunger

rod has advanced, either forward or backwards, and the distance of the advancement. Using
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this displacement information, together with the information frow the one or more
temperature sensors, the effect of the temperature change on the phunger may be
determined. In turn, this determination may ncregse the accuracy of controls used to
compensate {or a lemperature change. This may include, but is not linited to, decreasing

S the amount of fluid dehvered due o a sensed forward movement snd ¢ or moreasing the
amount of haid debivered due 1o a sensed backwards movement. In either case, the increase
and/or decease of the basal rate and/or amount and/or the amount of holas (for example, by
a percentage of the amount intended) is by a predetermined amount and for a predetermined
time.

10 inn some embodiments, the infusion pump system may include a system andfor
methed for adjusting the basal rate and Jor bolus amount based on a temperature change.
Thas, in various emwbodiments, where the svstem determines that a threshold temperature
change. either up or down, has occurred, the system may avtomatically, andior by request

andfor confurmation by the user, enter a mode having a hinuated period, e.2., a 13t pre-set

—
i

linited time period, e.g.. 20 nunules, and/or in some embodiments, the mode may continge
until the temperatwre change threshold is not longer applicable. In some embodiments,
where, for example, a decreasing temperature gradient 1s a primary concern, the mfusion
pump processor may be pre-programmed with a “decreasing gradient” mode, and the
infusion pump may purposefully ander deliver 1y this mede, 1.e., an automatic percentage
20 decrease in the basal rate, and, m some embodiments, also, the bolus, may be mstituted to
compensate for 9 predicated additional delivery of fluid. As discussed above, determining
the percentage change of insubin delivery may depend on the characterization of the infusion
pamp.

Following, in some embodiments, where, for example, increasing temperature
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gradient is the primary concern, the infusion pump processor may be pre-progranumed with
a “mcreasing temperature gradient” mode, and the wfasion pump may puwposefully over
deliver, L., an automatic percentage merease in the basal rate, and, m some embodiments,
also the bolus, may be instituted to compensate for the predicated decrease i delivery of
fluid. As discussed above, determiming the percentage change may depend on the
30 characterization of the infusion pump.
Closed loop Temperature Compensation

For the purposes of this description, the term “advanced” refers (0 the movement of

a plunger within a syringe or reservoir body.  Advancement is not hmited o movement in a
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particular direction. The syringe has an exit end, which 1s the end of the syringe in which
fluid moves outward from the syringe.

in some embodiments, the sysiem may include one or more devices and 7 or sensors
to determine the effect of the temperature on the syringeplunger and £ or the pumping of

S fluid, either towards the user / cannula or away from the user / cannula, These devices and ¢
or sensars may nclude, but are not imited (o, one or more flow sensors, one more occlusion
devices and / or one or more binary valves, and / or one or miore strain beams or sensors and
£ or one or more optical sensors and / or one or more {emperature sensors and / or one or
more ulirasonic range sensors and £ or one or more potentiometers and / o one or more
10 rotor encoders and / or one or more linear encoders.

With respect to optical sensors, i some embodiments, the miusion pump may mclude
at least one ternperature sensor and at least one optical sensor. In some embodiments, the
optical sensor may be used to determine that the plunger advanced. In some embodiments, the

distance of advancement may also be determined. In some embodiments, a smali reflective

—
i

opitcal sensor {(heremafier “optical seasor™) that s mio the form factor of the infosion
pamp hardware is used. In various embodaments, the optical sensor has a sensing range that
overlaps with the plunger displacements. In various embodiments any optical sensor may
be used, including, but not lindted to ong or more of the following: Sharp GP2S6{, Sharp
GP2S700 and Sharp GP2AZ40L.C, all of which are manafactured by Sharp Electronics
20 Corporation which is a U.S. subsidiary of Sharp Corporation of Osaka, Japan. This optical
sensor contains an infra red emitting diode and infra red sensing detector i a single
package. Light from the enutter 1s unfocused and bounces off the sensing surface, some of
which makes i back to the detector resulting in the sensed intensity of hght that varies as a
function of distace/angle to the reflector. In some embodiments, the sensor is placed such
25 that the reflective swrface is the plunger.

In some emboduments, an opiical sensor may be wsed 1o determune the level of fhud
in the syringe / reservoir. This information may be used to deternune whether the plunger
rod has advanced. Together with the iemperature sensor information, this mayv provide
added data / information (o deternine a temperature dependant change.

30 in some embodiments of the infusion pump system, the infosion pump may include
an opiical displacement sensor. This sensor may be used to determine whether the plunger
rod has advanced, either forward (towards the syringe exit) or backwards {away froms the
syringe exit), and the distance of the advancenrent. Using this displacement information,

together with the mformation from the one or move temperatare sensors, the effect of the
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temperaiure change on the phnger mav be determined.  Butuen, this determmpation may
increase the accuracy of controls used to compensate for a temperature change. This may
mnclude, but 1s not lmuted 1o, decreasing the amount of thnd delivered {i.e., decreasing the
volume of fluid that was scheduoled to be delivered, 1.e., basal rate, or requested to be

S debvered, e, bolas amount) o & sensed forward movement and / or increasing the amount
of fluid delivered due 1o a sensed backwards movement.

In some embodiments, the infusion pump may include an exit valve and for an
occlader. Thus, in these embodiments, the infusion pamp inchudes at least one device to
prevent the delivery of fhud either from the syringe to the cannula and / or from the cannula

10 1o the user. In some embodiments, the device is activated when the &t least one temperature
sensor sends a signal to the processor and the processor determines that the temperature
change meets o threshold, 1.e., that the temperature change s large enough to effect a
change in delivery due to temperature. In some embodiments, this may activate the

occtuder and 7 or exit valve, preventing fhad from fowing nto or out of the syrmpe and 7 or

—
i

the cannula.  In some embodiments, the occluder and / or exit valve device is deactivaied
when the at least one temperature sensor sends a signal to the processor and the processor
determines that the temperature change no longer meets g threshold, i.e, that the
temperature change 1s no longer large enough to effect a change i delivery due to
temperature. In some entbodiments, this may deactivate the occluder and { or exit valve,

20 allowing fluid to flow out of the syringe and / or to the cannuda and for to the user. Agam,
as discussed above, in some embodiments, the plunger target may be adjusted in response to
the information from one Or MOre tEMPErature Sensors.

in some embodiments, the occlader / exit valve may be closed duning the nterval

when the infusion pump 18 not actively delivering fhuid so as to prevent inadvertent fhud
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flow in or out of the syringe / reservoir due fo a change in temperature. During the time
when the infuston pump s oot actively debivering fhad, the al least one temperature sensor
may continee to send signals 1o the processor indicating temperature. This information may
be used by the control system to determine whether and how 10 modify the “next delivery”
of fluid, 1.e.. the next phunger target. Thus, when the “next delivery™ 13 made, the occluder /
30 exitvalve may open and the fluid is delivered.

Thus, in these embodiments, the occluder / exit valve may act primarily to prevent
spontaneous unintended fluid flow that may be caused by temperature change. The control
sysiem may adjust the volume delivery, 1.e., plonger target, based on the temperature

change sach that the volume of delivered {luid compensates Tor the temperature change.
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in somte embodiments, the infusion pump may nclude a conpliant component. In
some embodiments, the compliant comaponent may allow the difference in volume change in
the syringe / reservoir while maintaining a pressure constant. Thus, in these embodiments,
controlier compensation may not be necessary to compensate for temperature change when

S the oecluder { exat valve 1s open as there would not be a pressure build up from a change
femperature,

In some embodiments, once a threshold tenperature change bas been determined,
the occhuder ¢ exit valve may be closed and the plynger rod may be allowed to float, e, the
plunger rod may become disengaged with the dnve train. A change in pressure would thus

10 allow the plunger to float and find equilibrivim, thus adjusting without the need for
vondrolier compensation in response to a temperature change.

In some embodiments, the fusion pump may include at least one flow sensor,
including, but not hnuted to, a flow sensor positioned in the exit fnd path. The Now sensor

may detect the flow of Huid. This information may be correlated with delivery instructions

—
i

andd a deternunation mav be made whether the fhud delivered was requested and 7 or a
proper defivery. In some embodiments, where flow is detected and it 15 determined that the
flurd delivered was not requested and / or not a proper delivery, the cecluder and / or exit
valve may be closed. Thus, in some embodiments, a flow sensor may determine fuid flow,
either inward or outward, and where this 1s not an expect event, the infusion pump may

20 activate at least one mechamism, including, but not himited to, an occluder and / or a valve o
prevent the continued Jow of fluid. Addittonally, the flow information may be used to
determine the amount or volume of fluid that bas been delivered or has flowed inward and
this information may be used to alter the plunger target during the sexi scheduled or

requested delivery {e.g.. basal or bolus), or, in some embodiments, may be used to alier the
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delivery schedule. In some embodiments, this may be completed without user interaction.
{n some embodiments, an alert may be sent & the user and the user must accept the
proposed course or action to alleviate the under or over delivery of flwmd.

In some embodiments, the infusion pump may include one ov more optical sensors.
These sensors may be placed in the wfusion pump (o determane the level of Pwid i the
30 syringe {reservoilr. The one or more optical sensors may determine the level of fluid before
the processor signals the drive train to advance the plunger and after. Thus, the volume
difference may be determined before and after the plunger is advanced. However, the at
feast one optical sensor may, i some embodiments, collect data a preset intervals,

regardless or whether the drive {rain has been activated. Thus, the at Teast one optical

2>
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sensor may collect information to determine when and whether the phunger has advanges
and / or when and whether fhwid has been delivered or palled in. Thus, the at least ong
opitcal sensor may collect data for the processor o determine when a nos-requested
delivery event may have occurred. The processor may correlate this information with the at

S least one lemperature sensor and thereby detenmine whether the mfusion pump s
experiencing a temperative related effect. In some embodiments, the processor may alert
the user. In some embodiments, the information may be used (o instigate a control
algorithm to compensaie for the temiperature change effect using, for example, but not
limited 1o, the various embodiments discussed herain,

1 in some embodiments, a strain beam may be used to identify a plunger moving away
from the exit of the syringe. In these embodiments, the strain beam may be positionad
relative to the plonger rod cuch that where the phiger vod beging 1o move away from the
syringe exit, the strain beam will sense the strain. In some embodiments of the infusion

pump system, the infusion pump includes a stram beam that may be used to detect and / or

—
i

identity occlusions. The strain beam and methods may be, 0 some embodiments, smilay to
those described in ULS. Patent Apphication Serial No.12/249 882 filed October 16, 2008 and
entitled Infusion Punyp Assermably, now ULS. Publication Neo. US-2010-0004222 published
April 13, 2010 (Attorney Docket No. F31¥ and PCT Apphication Serial No.
PCT/US2009/0601 5%, filed October 9, 2009 and entitled Infusion Pamp Assembly, now

20 Publication No. WO 201042814, published April 15, 2010 {Attomey Docket No. FSIWQO),
which are hereby incorporated herein by reference in their entivetics,  However, together
with the at least one temperature sensor, a strain beam may determine whether a particular
temyperatuve change has resalted in plunger movement. Where plunger movement s

detected dug 1o a temperature change, the infusion pump may alert the user. In some
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gmbodiments, the system: may correlate a change in strain with a change m temperature.
Temperature Maintenance
As discussed above, there may be a desire to matntain the temperature of an

infusion pump to avoid any consequences from a temperature change. In some
embodiments, to minimize or prevent the above-deseribed effects of emperature changes
30 on the infusion pump and delivery of fluid, one or move various apparatus andfor systems
niay be employed o maintain the temperature of the infusion pump.

in some embodiments, the mfusion pump includes a heater device. The heater
device may receive instractions from the processor. The heater device may be located

anywhere in or on the infusion pumip, bowever, 10 some emboduments, the henter device 1s
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located within the infusion puwnp housing, In some embodiments, the heater device 15
powered by a power sowrce of battery inside the infusion pump. However, 1n some
embodiments, the power source may be outside the infusion pump.
The heater source may be any heating source desived, however, it the exemplary

S embodiment, the heating source may be a KAPTON® (Polyunide Film) Heater kit, part
aumber KH-KIT-EFH-13001 and available from omega.com®. In some embodiments, at
least one temperature sensor is located in or on the infusion pump. The at least one
iemperatre sensor communicates information to the processor. Based on the temperature
sensor data, the processor may act as a thermostat and power the heater source 1o mauain

10 the temperature in the infusion pump at a desived tenperature. In some embodiments, the

desired {emperature may be between 13 and 3¢ degrees Celsius, but in other embodiments,
the mamntenance femperatare may be different. In some embodiments, it may be desirable
to maintain the temperature at the higher end.

in some embodiments the svringe / reservoir may b contained n a metal case m the

—
i

mnfusion pump. The metal case may increase the conduction of heat belwean the heater
element and the syringe / reservoir.

in some embodiments, the at least one heater element may be located w one or more
locations inside the infusion pump and one or more of these locations may be selected to
maitain the temperatare of one or more components of the infusion pump, inclading, but
20 not limited to, the syringe, fhwd, plunger, housing, planger rod and 7 or the drive train.

In some embodiments, the at least one heater elements may additionally increase the
power source and ¢ or battery Hife i the infusion pump. Maintaining the temperature at oy
about 335 degrees Celsius may be beneficial to battery life and / or performance.

in some embodiments, it may be desirable to utilize the user’s body as a heat sink,
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wearing the infusion pump close to the user’s skin. This may be accomplished using
various devices and apparatus, including but not lmdied to one or more of the bllowing.

A hook and loop system fastener system, for example, but not innited to one offered
by VELCRO® USA Inc. of Manchester, NH, may be utilized 1o allow for easy attachment /
removal of an miusion punyy from the user. Accordingly, an adhesive patch may be
30 attached o the skin of the user and may inchude an ouwtward facing hook or loop surface.
Additionally, a sarface of infusion pump L4 may include a complementary hook or loop
surface. Depending upon the separation resistance of the particular type of hook and loop
fastener system emploved, it may be possible for the strength of the hook and loop

connection 1o be stronger than the strength of the adhesive to skin connection. Accordingly,
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varigus hook and loop surace patterns may be utilized o repulate the strength of the hook

and loop comnection.
Referring also to FIGS. 10A-10E, five examples of such hook and loop surface
patterns are shown, Assame for iflustrative purposes that one surface of miusion pump
S housing is covered in a "loop” mwtental. Accordingly, the strength of the hook and oop
connection may be regulated by varying the pattern {1.e., amount} of the "hook” materal
present on the sarface of adhesive patch. Examples of such patterns may include but are not
Iimited to: a singular outer circle 220 of “hook™ matenial {as shown in FIG. 10A); a phaality
of concentric circles 222, 224 of "hook” material (as shown in FIG. 10B); a phuality of
10 radial spokes 226 of "hook” materal (as shown in FIG. 10CY; a plurality of radial spokes
228 of "hook" material in combination with a single outer cirele 230 of "hook” material {as
shown in FIG. 10D); and a plurality of radial spokes 232 of "hook" matertal in combination
with a plurality of concentric circles 234, 236 of "hook” material (s shown in FIG. 10E),

in another embodiment, a holder, pouch, sack, containgr or other type of housing

15 {generally referred to as a “holder™) may be sized o sccommodale an infission pump. In
some embodiments, the holder may be constructed to mclude multiple layers mcluding but
nof linuted to, one or more insulating layers. In some embodiments, one or more of the
layers may inchide a fabric that when wetted and refrigerated or frozen, the laver provides a
coolimg effect. This {aver may be desired in warmer climates or in situations where the

20 user’s infusion pump may be exposed o the sun or a wanm enviromment. In some
embodiments, the one or more layers of material may be highly absorbent majerial. Tn some
embodiments, the holder may include one or more cantsters of sopropyl alcohol which
may, when deploved, be absorbed mio the highly absorbent material of the bolder and
provide evaporative cooling to the infusion pump. In various embodiments, the holder may

25 include aliernative anddor additional methods, systems andfor devices for conling the

mfusion pump.
in some embodiments, the bolder may include one or more temperaure

measurement devices and/or temperature sensors that may transiait information io the

nfusion punp andfor a controler. The one or more {emperaiure 3ensors may communicate
30 the temperature of the holder and enther deploy the one or move canisters of alcohol and or

alert the mfuston pump/user/controller and / or turn o the heating source, based on the

temperature sensor. In some embodiments, the heating anddor cooling may be triggered by

reaching a threshold change in temperatire. Thas, in some embodiments, the holder may

provide for a closed-loop system for mamtaining the temperatare for the infusion pump.
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Referring now to FIG. 11, some embodimenis of the holder 300 include an outside
layer 502, an inside laver 504 and an inner pocket 506, The pocket 506 may mclude
additional cushion or insulation to hoth protect the mfusion pump From cutside forces and /
or temperature change. The holder 300 may include a fastener along the frond, top or the

S side. Tn some embodiments, the holder 300 may inclade the holder may inchude a pull
down flap (not shown} on the front to expose the screen and 7 or input assemblies (e g,
inciading but not limited o buttons, shders, and / or jog wheels). In some embodiments, the
flap may be secured closed using a hook-and-loop system. In other esnbodiments, the flap
may be secured using any other {astener system including, but not howted o, snaps, buftons,

10 magnetic closures and zippers.

in some embodiments, the holder 300 may be attached 1o a strap 508 designed 10 be
attached to the user {see FIG. 12 for example). However, in various embodiments, the styap
508 may be elastic and / or adjustable and may include at least one closure device.
Although shown in FIG. 12 as being worn about the mid section of a user 514, the holder

300 may be worn anywhere the user desires.

—
i

Referring now to FIG. 13, an embodiment of the back of the holder 500 15 shown.

in some embodiments, the holder may include a clip 512 which may be referved to as g
“belt-chip™ or another type of clip configured such that i securely and removably fits overa
belt, handle, piece of clothing or other. In some embodiments, the holder S04 may

20 additionally inclade an opening 514 for tubing 516 1o it through. In some embodiments,
the infusion pump (not shown} may be contained inside the holder 300 and the holder wom
close to the insertion site {not shown} on the user such that minimal tubing 516 1s exposed
to the outside temperatare. Thus, embodiments of the holder 300 inclading an opeming 514

for tubing may be beneficial for maintaining the temperature of the tubing 516 and / or the
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fluid 1 the tubing.

In some emboduments, a plastic nniernial for example, a Press 7 Seal, or another
material of similar behavior, nay be used to attach and mantain the mfusion pump against
the user’s body. In other embodiments, a cofl or band fitted agatost the leg, midsection or
arm, for example, of a user may inchwde a pouch for the mnfusion pump. In oiher
30 embodiments, the nfusion pumyp may be maintained in position against the skin through
inmner pockets, bra pockets, etc.

Various embodimenis are described herein for both utilizing the user's body heat
and / or a heating element {o maintain the temperatare of the infasion pump. However,

additional devices and apparatos are withi the scope of the invention. Furlher, varous
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methods, systenss and apparatus for maintaning the temperature of an infusion pump may
inclnde at least one temperature sensor.
INSULIN TEMPERATURE
Described herein are various methods, systems, devices and / or apparatys for
S mamtaming the femperature of ap infusion pump. Inherent in at least some of these
embodiments 1s the mamtenance of the ifusible thad 7 osulin temperature. 1 s well know
that manufacturers of insulin recommend that the temperature of insulint not exceed a high
and a low temperature. Additionally, it may be beneficial to mamtain fast-acting {e.g.,
HUMALOGE, NOVOLOGHR) at room/ambient temiperature {e.g., between 39 and R6
10 degrees Fabrenheit) once the vial has been used, fe., the manufacturer recommends storing

insulin in a refrigerated area, e.g., between 36 and 46 degrees Falwenhett, unti the vial is
used. Frons that point on, 1t 15 reconunended that the vial be stored at room temperature.

As insulin may be less effective or not effective once it has reached a non-

recommended temperature, it may be beneficial for a user to know whether the msulin has

—
i

been properly stored, whether while m transit, in the reftigerator or while i use.

Referrimg to FIG. 14, in one embodiment, o stick-on temperature gauge 520 may be
placed on a vigl 522 of fhwid, and in some emmbodiments, on a vial of insuli, The gauge
may tell the user the current temperature of the vial, In some embodiments, the temperatare
may be indicated as various shades of red and blue, indicating various temperatures towards
20 the high and low range. In some embodiments, once the temperature has reached either the
maxnnum or minium temperatare (which is predetennined and may, in some
embodiments, be 35 and 87 Fabrenhett respectively), the gauge becomes non-reversible,
thus mdicating nstantly to the user that the msulin has reached either a maxinmmm or

ninimum emperatare.

25 Anv stick-on temperature gauge may be used imcluding a nop-reversible temperaiure
fabel such as a Non-Reversible Temperature Labels, 3 Temperatare Ranges, part nunther
TL-3 available from omega.com®, or another similar temperature label. As discussed

above, in some embodiments, 3 Reversible Temperature Label niay be used or a label with
both reversible and non-reversible components
M Atmospheric Pressure
A decrease in atmospheric pressure may result in unintentional and 7 or unscheduled
and/or non-requested delivery of fluid from a reservoir m an mfusion pump to a user. A
decrease m pressuve effects air that may be in the reservoir and/or may be dissolved in the

fluid in the reservoir. Some embodiments of infusion pumps winch may be affected are
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svringe miusion pumps and those similar to a syringe infusion pongy, which may include,
bat 15 not imited to, vartous embodiments showa and describad i ULS. Patent No.
7.498.563 issued March 3, 2009 and entitled Optical Displacement Sensor for Infusion
Devices {Attorney Docket No. D78); ULS. Patent No. 7,306,578 issued December 11, 2007
S and entitled Loading Mechanism for Infusion Pump (Attorney Docket No. C54); and PCT

Applicaton Serial No. PCT/USI%060 158 fited October 9, 2009 and entitled Infasion Pump
Assembly, now Publication No, WO201(/042814, published April 15, 2010 (Attorney
Docket No. FSTWQ) which are all heveby incorporated berein by reference in thenr
entireties, and shown in FIGS. 1A-4. Thus, in operation, where the syringe mfusion pump

10 experiences an atmospheric pressure decrease, an unintended bolus may be delivered to a
user. This presents a safety concern as the unintended bolus may also be unknown to the
user. Thus, the user may experience an over delivery event which, in the embodiments
ncluding an insalin pump, may result in a hypoglyeemic event.

An increase in atmospheric pressure may result in an unintentional and / or

—
i

gnseheduded siphoning of fwd from the tubing 7 cannula towards the reservoir iy an
infusion pump. Some embodiments of infusion pumps which may be affected ave those
swmilar to a syringe mfusion pump, which may wmclude, but is not hnuted 1o, various
embodiments shown and described in ULS, Patent No. 7 498,563 issued March 3, 2009 and
entitled Optical Displacement Sensor for Infasion Devices {Attorney Docket No, D7) US,
20 Patent No. 7,306,578 issued December 11, 2007 and entitled Loading Mechuanism for
Infusion Pump {Attorney Docket Na. C54); and PCT Application Serial No.
PCTAISO0M601 58 filed October 9, 2009 and entitled Infusion Pump Assembly, now
Publication No. WO2010/0428 14, published April 15, 2010 {Attorney Docket No.

FRIWO), and FIGS. 1A-4. Thus, in operation, where the syringe nfusion pump

28 experiences an atmospheric pressure merease, an unintended siphoning of fluid from the
tubing / cannuta may oocur which may result in a less than imtended volume delivered toa
user. This presents o safety concern as the siphoning volume may also be unknown to the
aser. Thus, the user may experience an under delivery event which, in the embodiments
nclading an insulm pump, may result in & hyperglycemic event,

30 in some embodiments, the syrnge nfusion pump and 7 or the remote controller for

the syringe infasion pump may include a pressure sensor, which in some embodiments may
he an altimeter, similar to those known in the art. The terms “pressure sensor” and
altimeter” may be used interchangeably herein. The altimeter may be in communication

with the pump processor and therefore, the data [rom the altimeter may be used by the pump
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processor. In some embodiments, the processor may inclade prodetermined rate of change
and ¢ or atmospheric pressore thresholds (either increases or decreases) that tngger at least
one response from the infusion pump.
in some embodiments, the response may include notificaiion to the user. Thus, the
S infuston pump and { or a remole controller may sotfy and ¢ or alarm and ¢ or alert the user
where the altimeter sends data mdicating an increase and / or a decrease i atmospheric
pressure which has triggered a threshold. {n some embodiments, the processor may
recognive, from the altimeter data, potential events, e.g., airplane take-off, airplane decent,
travehing to / from high altitudes to low altitudes. These recognived events may, 1 some
10 embodiments, trigger at least one comment to the user, for example, the pump and ¢ or
controlier may alert and / or alarm the user with a question, which may include, for
example, but is not hmited 1o, “airplane take-off? and / or “atrplane decent™ . Upon
confirmation by the user, the pump may suggest, e.g., by an alert and for an alarm e

either by an audio and / or visual signal to the user, that the user discomnect from the

—
i

cannula. Following, when altimeter data indicates that a threshold “safe”™ alittude has been
reached and / or the user is at an appropriaste altitude for a predetermuined period of time, the
punp / controller may alert and or alarm the user to reconnect to the cannula. Thas, n
some embodiments, any potential adverse effects caused by atmospheric pressure changes
may be mimmized and / or mitigated and Jov avotded by notification to the user followed by
20 user disconnect and / or reconnect as appropriate.

Referring now alse 1o FIG, 15, a method for aunospheric pressure mitigation 600 is
shown, In some embodiments, the pressure sensor/altimeter sends data to a processor at
predetermined mtervals 602, If the alimeter data mmdicates a predetermined alert and { or

alarm threshold 604, the processor may alert and / or alarm the user to disconnect from the
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annula 606, When the altimeter indicates a predeterniined appropriate/safe threshold has
been mat 60X, the processor may alert and / or alarm the user to re-connect 1o the cannuls
610, However, unul the predetermined appropriate threshold has been met 608, the
altimeter continues 10 send data to the processor at predeternuned mervals 612,

in some embodiments, the altimeler may send data to the processor al predetermined
30 intervals which may be, but 1s not imited (0, every mimsge. I some embodiments, the
frequency nay increase or decreased based on altimeter data. For example, m some
embodiments, where airplane take-off is confirmead by the user, the altimeter mav send data
to the processor more frequently. In some embodiments, once the user has reconnecied, the

altimeter may send data {o the processor based on entered events by the wser. For example,
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in sorne embodiments, where the user foresees airplane travel, (aitplane ravel isused
merely as an example, in other embodiments, the event may be any event which may result
in a change wn atmospheric pressure} the user may select either on the pump and / or the
controlier, a menu option in the user interface to indicate to the pump {0 be placed in
S “anplane mode”. This mode may also request the user o enter additional information, for

example, scheduled take-ofl tirse, and / or scheduled landing time. Thus, the pump and / or
controller may modify the frequency of the altimeter data commmnication based on user
input information. The user mpwt information may addittonally be used by the pump and /
or controller to recognize changes in the events through readings from the altimeter. For

10 example, the processor may recognize that wheve a decrease in atmospheric pressure may
be anticipated based on a user entered take-ofl time 15 not realized, the pump / comtroller
may request fther information from the user regarding changed take~off time. The user
entered event information may additionally be used by the processor to confinm and

altimeter function and / or accuracy. For example, where a reading during take-off is not as

—
i

expected, even within a preprogramumed margin of error, the pump / controller may alarm /
alert as this may mdicate a malfunction of the altimeter. In some embodiments, the pump /
controlier may then alert the user to disconnect during take-off and decent.

in some embodiments, the data from the altimeter and / or data {rom a pressure
sensor may be used to modify the scheduled delivery of flusd. Thas, the altimeter and / ov
20 pressure sensor may be m commumication with the nfusion pump processor. A sensed
changed 1 pressure, either in a postiive or neggtive divection, may be connnunicated to the
processor. In response, the processor may conunanicate o the controller to either decrease
oy ncrease the rate of debivery of the infusible fuid. For example. the controller may

increase or decrease any scheduled delivery for a predeternined period of time by a
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predetermined percentage. In some embodiments, the infusion pump may include a mode
o1 other preprogrammed delivery schedule modifier {0 address situations where the infusion
punp may experience an increase or decrease in pressure which may effect the delivery of
fluid. The mode may be selected by a user when the user 1s experiencing or plans to
experience a change i pressure event, for example, but not hmited to, Tving m an aimplane.
3 The user may select the mode which may be termed an “abrplane mode™ in some
gmbodiments (however, this s merely an exsumnple of & name and also, the ferm may be used
to identify any change in pressure event i varions embodiments and i various

embodiments is not limited to airplane events}, and may additionally specify whether taking
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off or landing, for example. In response, the infusion pusmp may werease of dictease the
rate of delivery.
in some embodiments, where the altimeter data indicates a change in pressure event
which may resolt in an unintentional / unintended increase or decrease i fluid delivery, and
S {or where the user has indicated same 1o the pump and / or controlter, for example, but not
limited to, one or more of the following, through menu selection and / or manual entry and /
voice recognized command, the pump may enter an “airplane mode™ which may, in some
embodiments, include a modification of the frequency of determination of the location of
the plunger. In some embodiments, for example. as described above and / or in U.S. Patent
10 No. 7498563 issued March 3, 2009 and entitled Optical Displacement Sensor for Infusion
Devices { Attorney Docket No. D7&), the infusion pump may include at feast one sensor for
determimng the location of the plunger. Although, i some embodiments, this may be
accomplished by using the methods, apparatus and systenss described above, and / or in

LS, Patent No. 7,498,563 issued March 3, 2009 and entitled Optical Displacement Sensor

—
i

for Infusion Devices {Altorney Docket No. D78}, in other embodiments, other sensors fr
deternuning plunger movement or plunger location may be used. However, in the varous
embodiments, the frequency at which the sensor determines the position of the plunger may
vary in “airplang mode”. For example, in some embodiments, during normal operation, the
infusion pump may determine the position of the plunger before and after a scheduled and /
20 orrequested delivery. However, in some embodiments, m atrplane mode, to determune a
movernent of the plunger which may not be due to a scheduled and / or requested delivery,
the miusion pump may modify the frequency of the sensor readings to determiine the
volwme of fluid esther siphoned or delivered due to a change n pressure event. Thus, upon

entering airplane mode and / or upon the altimeter data triggering the mode, the sensor may
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take readings af predetermined intervals, g, every 1 minute. In some embodiments, where
the sensor readings ndicate @ movement sither towards delivery of siphomng, an estimaled
volume of fluid either debivered or siphoned may be presented to the wser. Thas, the user
may make appropriate changes in therapy based on this mfonnation. In some embodiments,
however, the sensed volume of fluid either delivered and / or siphoned may beused by the
30 processor to modify the scheduled dehiveries for a predetermined period of thme. In some
gmbodiments, the predetermined period of time may be dependant on many faciors,
inchucding, but not limited to, the volume of fluid for which the infusion pump is correcting.
Referring to the description above with reapect {0 temperature changes and

mitigation, m some embodiments, 8 simtlay mode regarding sensing the position of the

o
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plunger may be entered nto avtomatically and 7 or manwally upon a change of presswre
threshold being met. Thus, the various methods described regarding the various
embodiments pertaining to sensor frequency modification and downstream modification of
delivery may be used for pressure mitigation,

S In some embodiments, the mfusion pump may include at least one valve lovated
downstream from the reservoir. In various embodiments, the valve may be located
anywhere between the distal side of the reservoir (o the canmula site, including, but not
Iimited to, buwilt mto the infusion set iself, including but not limited to one or more of the
following: in the tubing, 1o the cannuls, andd or on the distal end of the reservoir. In some

10 embodiments, the at least one valve may be a pressure / atmospheric compensation valve.
in some embodiments, the valve may be a micro check valve similar to the one shown in
Appendix A {Lee 250 Zero Leak Chek® avarlable from The Lee Company, Westbrook,
Connecticut, USA), configured such that the valve remans fully closed with any pressure

differential that 15 higher on the camnula side of the valve compared with the reservoir side

—
i

of the valve {which may also be referred to as “downsiream from the valve” and “upsiream
of the valve” respectively), Le., when the valve s closed, no fhud may flow back 1o the
reservolr. In some embodiments, the outflow cracking pressare may be selected such that o
differentzal pressure related to the change in sltitude would not cause the valve to open. For
example, in some embodiments, the cracking pressure may be set to 3 PSE Thas, in this

20 embodiment, at sea level, the infusion pump may be required o generate § PSI to mduce
flow. During, for example, pressure deceases, such as those experienced during airplane
flight, the nfasion pump may be required to induce 1 PSI, {or example, to induce flow due
1o the negative pressure bias of the altitude change. In some embodmments, thud flow based

on altitude changes alone may be eliminated and / or decveased and / or mitigated. Thus, in
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gmbodiments such as these, the effect of pressure changes may be mitgated winle the user
recetves the intended and / or scheduded and ¢ or requested therapy deliveries.
Air Bubble Management

Air bubbles and / or air dissolved i the fluid n a syringe reservoir simidar to the
ones shovwn and described i ULS, Patent No. 7498,563, issued March 3, 2009 and entitled
3 Opucal Displacement Sensor for Infuston Devices (Atorney Docket No. D78), US. Patent
No. 7,306,578, issued December 11, 2007 and entitled Loading Mechamsm for Infusion Pump
{Atlomey Docket No. €543 and PCT Application Serial No. PCT/US2009/0601 38, filed
QOctober 9, 2000 and entitled Infusion Pump Assembly. now Publication No. WO

2010042814, published April 15, 2010 {Attorney Docket No. FSTWO), may affect fhud
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deltveryv. A bubbles andéor dissolved airin the fluid de-gassing, displaces fuid, and may
expand and / or be compressed, which may effect delivery. Additionally, air bubbles may
affect occlusion detection in some embodiments of infusion pumps. For exanple, with
many infusion punyp systems, occlasion detection is performed using a stratn beam / strain
S gauge to detect the upstream pressure exerted from the plunger towards the strain beam.
When the pressure reaches g threshold, an occlusion 1s determined and / or assumed by the
svstem and generally, an occlusion alarm and 7 or alert 15 griven to the user. However, this
occlasion detection system relies on the fhud i the reservoir being non-compressible.
When the fhuid in the reservoir includes at least one air bubble, as air is

10 compressible, additional force within the reservoir, due to an occlusion, niust first compress
the air bubbles prior to the force being exerted onto the strain gange. This miay ultimately
require more foree be present to detect an occhusion. Thus, air bubbles in the reservoir may
conirtbute to a delay in occlusion detection. Therefore, for many reasons, including

occlusion detection, it may be destrable fo mumimize, nutigate and / or elimiinate air bubbles

—
i

and‘or dissolved air in the fluid in the reservoir.

Additionally, as air bubbles increase m size, they may increase the fluid pressure
within the reservoir. Increased fluid pressure within the reservoir may cause uwminientional
and /7 or unscheduled delivery of a volume of fluid {which, in some embodiments, 15
nsudin.

23 Mitigation of Qver-delivery Caused By Air

With respect (o mitigation of alr bubbles to nunimize and Jor eliminate anintentional

and / or unscheduled fluid delivery, in some embodiments, a three-way valve may be
located downstream from the reservorr. Referning now to FIG. 16, in some embodiments,
hoth an sctive check valve 630 and a passive check valve 652 may be located downstream

25 from the reservoir 634, In some embodiments, the active check valve 630 may be opensd
for intended and / or scheduled and ¢/ or requested thevapy deliveries but otherwise, remain
closed. The passive check valve 652 may be cracked only when sufficient pressure i3
exerted on the valve to overcome the valve. Thus, in some embodinents, when there are no
ntended and 7 or scheduled and / or requested therapy deliveries, the active valve 650

30 remains closed. This continges unless and wnti] the flaid pressure Is sufficient © overcome

the passive check valve 632, thus, no fluid will pass through either valve, However, in some

vases, mcreased fluid pressure, e.g., from an air bubble, may overcome the passive check

valve 652 {i.e., may overcome the cracking pressure of the passive check valve 632) and

flow outside of the pump {and in various embodiments, the flurd flowang through the
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passive check valve 652 may flow anywhere desired except to the user). Thus, i this
embodiment, only intended and / or scheduled and / or requested therapy deliveries will be
made, otherwise, increased fluid pressure may be mitigated {and unintended and for
unischeduled fluid deliveries avoided and / or mitigated and for decreased) through vse of 3
S passive check valve 652
Air Bubble Minimization
Alr bubbles may be mitroduced into the reservoir by various miethods and due to
various circumstances, inclading, but not Himited to, fhaid out-gassing.  In some cases, the
fuwrd may out-gas after being mitrodaced into the reservoir. This may ocour as a result of
10 temperature. In some cases, for example, where insubin 1s used as the flid, insulin that is
helow room temiperature may experience 4 certain amount of cut-gassing while coming 1o
room temperature. Comparatively, imsulin that 15 and has been at voom temperatare for a
period of time may not experience as much cut-gassing, thus, nsulin in this state may

undergo munimal or less out-gassing in the reservoir as compared with msulin that was

—
i

below room temperatiwe when loaded into the reservoir,

Therefore, a method, system and apparatus for increasing the out-gassing of msulin
and 7 or a fluid prior o loading nto the reservoir mway be desired. This may mimnuze the
effects of out-passing, that is, minimize the effects of air bubbles in the reservoir.

Referring now to FIG. 17, in some embodiments, a fill adapter device 700 may be
20 used to munimize the effects of out-gassing. In some embodiments, the fill adapter 700 may
be a reusable fill adapter, however, in other embodiments; the fill adapier 700 may be
disposable. In some embodiments, the fill adapter 700 device may be connected to the vial
702 (e, configured to be connecied and/or removably attached 1o a vial) of mtusible fluid

t0 be used while filling and / or partially Giling 8 reservoir / syringe 704 with infusible fluid
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which in some embodiments is insulin, In some embodiments, the ill adapter 700 may be
attached andfor removably attached fo the vial 702 at manufachws and i sonwre
embodiments: a user may attach the fill adapter 700 at the time of use {and 11 some of these
embodiments, the fill adapter 700 may be removably attached). In some embodiments,
tharefore, a vial 702 may be provided together with the iill adapter 700 and in some

30 embodiments, the reservolr 704 may be provided to a aser together with the {1l adapter 700,
in other embaodiments, the fill adapter 700 may be a separate device from the vial 702 and /
or reservorr 704, In some embodiments, the fill adapter 700 may additionally include a
needle (not shown) connecting the flwid from the vial to the fhud pathway 712, In some

embediments, as the fill adapter 700 15 bemy attached to the vial 702, the needle
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The device may melude a heat exchanger which may melude a heating slement 706
and a fhod pathway 712, for example, but not limited to, a length of twbing / flind pathway
{which may be made from glass and / or plastic or any fluid compatible material). The flud
pathway 712 may be fluidly connected to a septum andior a filling needle mput 714, In

S some embodiments the length of tubing may be any length and 7 or diameter to most
efficiently and effectively mduce out-gassing. While filling the reservoir { syringe 704
{which may, i some embodiments, include at least one plunger 708}, the fluid enters and
passes throagh the heat exchanger including the fluid pathway 712 which i3 heated by the
heating element 706 where it may be beated to a predetermined temperature. While being

10 heated to the predeterniined temperature, Qul-gassing may occur.

Some embodiments of the fill adapter 700 include a heat source and / or heating
element 706, In various embodivents, the heating element 706 may be any heating element
kuown in the art which may include, but is not limited to the following, inductive, optical,

RF. microwave, electrical or other.

13 in some embodiments, the fluid path 712 and / or the 1 adapter 700 may be
designed to heat the fluid at a desired andfor predeternmned rate. Thus, in some
embodiments, there may be additional features on the fill adapter 700 to control the rate of
heating of the fluid and or the flow rate of the fluid through the heating element 706. These
may inclade, bt are not hmited to, a pump and/or an active valve.

20 In some embodiments, the fluid may be heated to room temperatare. In other
embodiments, the Huid may be heated to less than room temperatore and in still other
embodiments; the fluid may be heated to above room temperature. In some embodiments,
the fill adapter 700 may mclude a processor (not shown} which may control the beating of
the fluid according to one or more preprogrammed profiles. The one or move profiles may

25 be designed for various siuations and / or vanious types of fluds. Depending on the desired

temaperature, the heat exchanger and / or the fill adapter 700 may be designed accordingly.
Thus, in various embodiments, use of an embodiment of the fill adapter 700 may act
to accomplish at least, but not limited to, one or move of the following: miumize, decrease
and! or elimuinate downstream effects of out-gassing: miniwize, decrease andior elinunate
30 the subjective amount of out-gassing such that the amount of out~-gassing is controlled and /
or prediciable and therefore may be mitigated through other means; decresse, minimize,
eliminate and/ or lessen the occurrence of out-zassing; stabilize the temperature of the fluid
to minimize polential effects of the temperature increase between, for example, refrigerated

teryperature and room temperature; decrease, ehnvinate, and? or puninize and Jor lesson the
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effects of mut-gassing in the reservoir 704, including but not lmiied to, volone changes i
the reservoir 704.

in some embodiments, there may be an air trap and / or g hydrophobic filter (not
shown} or other to allow the escape of the air from the heat exchanger. Thus, while the

S fluid is heated to the predetermined temperature out-gassing oceours and therefore may

minimize oul~gassing which may otherwise bave occurred after filling a veservoir and / or
svringe 704

in some embodiments, a heating appavatus (not shown) may be used to heat the
reservorr 704 following il and / or partial 611 (the term “HIT may be used to refer to the

10 wansfer of any volume of fluid into the syringe / reservolr, regardless or whether the volume

of fluid reaches maximum capacity or partial capacity) of the reservair 704, The heating
apparatus may be a nondisposable / veasable type apparatus which may include o heating
element, e.g., inductive, optical, RF, microwave, elecirical or other. The heating apparatug

may be configured such that the filed reservoir is accommuodated in heating conununination

15 with the heating element. The heating element may be located such that heat may be
commumecated to the reservolr and the heat may heat the fluid withip the reservorto a
desived temperature. In some embodiments, the heating apparatas may be designed to heat
the fluid at a desired rate. Thus, in some embodiments, there may be additional features on
the heating apparatus {0 control the rate of heating of the flaid.

20 In some embodiments, the fluid may be heated to room temperatare. In other
embodiments, the Huid may be heated to less than room temperatore and in still other
embodiments; the fluid may be heated to above room temperature. In some embodiments,
the heating apparatas may heat the fhuid according to one or more preprogranumed profiles.
The one or more profiles may be designed for various situations snd / or various types of

25 fluds. Depending on the desired temperature, the healing apparaius may be designed

accorchngly.

Thus, in various embodiments, use of an embodiment of the heating apparatus may
act to accomplish at least, but not limited to, one or more of the following: decrease,
miniuze and/or eliminaie downsiream effects of oul-gassing: decrease, nunimize andfo

30 elinunate the subjective amount of out-gassing such that the amownt of out-gassing is
controlied and / or predictable and therefore may be mitigated through other means;
decrease, nunimize andfor eliminate and/ or lessen the occurrence of oul-gassing; stabilize
the temperature of the fhad to minimize potential effects of the temperature increase

between, for example, refrigerated temperatve and room temperature; decrease, minimize
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andior eliminate and for lesson the effects of ounl-gassing #n the reservoir, including but not
Iimited o, volume changes in the reservoir.

During the heating, the fluid may out-gas. Thus, following heating, the reservoir
may be removed from the heating apparates and air may be pushed out of the syringe /

S reservor through, for example, but sot tinited to, a [illing needle 7H), prior to loading the
reservoir 704 into the infusion punp. Thus, the beating apparatus sy minimize and / or
ehiminate thermalty produced fluid delivery ervors.

In some embodiments, degassing of the flaid may be accomplished prior to loading
fluid nto a reservorr or prioy {o loading a filled reservolr into an infusion pump by
10 subjecting the fluid to a partial vacuwm. This may be sccomplished through a mumber of
embodiments, including, but not himited to, the following.
In some embodiments, once fluid is filled into the reservoir, he filhing needle may
then be removed from the reservoir and the reservoir may be capped with a cap that does

not allow the movement of fuid it or out of the reservour. The plunger may be pulled back

15 doapply a vacuun to the fluid within the reservoir. Out-gassing may occur. Released aiy

may then be pushed out of the reservorr prior to loading into an infusion pamp.

in some embodiments, following {ithag of the reservoir, the reservoir may be placed
o a device or other where the reservolr 15 put under a partial vacvuny, The fluid may out-
gas. Next, the reservoir may be loaded into the infusion panp.

20 In some embodiments, in addition 1o heating to out-gas, a system may also combine
a vacuurm with an elevated tenpersture sheating element, which may vesult in heating the
fluid to a higher temperature. In some embodiments, the temperature increase may be
munimized when applied together with a vacuum. Additionally, the vacuom applied may be
nunimized when applied together with a temperature increase. Thus, in some embodimenis,

25 where the fluid is heated and a vacuum is applied to the fluid, the temiperature increase

andfor the level of vacuum applied may be mimmized. Thus, m some embodiments, i may

be destrable to apply as low a vacoum as possible, thereby decreasing the amount of

turbulence andfor rate of How through a heat exchanger and /or minimizing the contact area

over a heat exchange surface, and therefore minimize and of prevent extreme femperaturs
30 and/ or extreme pressure change. This nay be desirable for many reasons, including, but

not limited 1o, maintaining the viability of the fluid.

in some embodiments, while under pressurg, the fluid may be removed from a vial
inlo a reservoir andfor svringe or other, and once the desired volume of fluid has been

foaded mio the reservoirfsyringe or other, the fluid path between the reservoir/syringe and
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the vial may be closed and the syringe planger may continue to be pulled back, 1.¢.,
applying a vacumm onto the flnd. Following, the syringe or other may be vibrated andior
shocked and / or a force may be provided at a predetermined pomt for a predetermined time,
i.e., a force pulse. This mayv enhance / amplify air bubble formation e, fluid de-gas, and
S thus, in some embodiments, following vibration/force application, the air / gas may be
pressed out of the reservoir/ syringe.
In some embodiments, an automaied {illing device may be vsed which may connect

a reservoirsyringe fo a vial of fluid by a thud Hine, which, in some embodiments, may be a
filling needle. In some embodiments, the device may antomate the filling of the

10 reservoirdsyringe. Following, in some embodiments, the device may closefocclude the fuid
line and provide the vibration andfor force o the reservoirdsyrings (1.e.. pulling a vacuum
o the reservoirfsyringe). In some embodiments, this method may be completed more than

once, e.¢.. 2 or more times and/or ungl, in some embodiments, based on the vohame of fluid

-

in the reservolr/syringe and the amount of air extracted on any given atizmpt, the device

—
i

may determine whether a threshold volume of awr has been removed from the fwd, re.,
there may be a predetermined threshold goal amount of air to be extracted. In some
embodiments a syringe having a volume, for example, of 1.3-5 ¢, may be used and filled to
half or a portion of the volume, followed by a vacuum being apphied. In some
embodiments, the device may include a camera andfor other sensor to determuine the volume
20 of had before and after an extraction/de-gas to determine if the threshold goal has been
met. i some embodiments, the device may communicate with the controller for the
infusion pumyp and ¢ or the pemp to mput the amount of flaid in the reservolr prioy o the
reservoir being loaded into the infosion pump.  In some embodiments, this system may be

heneficial for many reasons, including but not Hnnted to, improving aiv nutigation and
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increasing the accuracy of the volume of fluid filled info 3 syningefreservarr. In some
embodiments, the above-described system and method may mclude an oplical sensor or
other sensor to determine the plunger’s displacement.

In some embeodiments, the astomated fithing device may measure the temperatore of
the fluid and this mav beinput wie a control svstem 728 that determines the amount of
30 effort that is exerted onto the filled reservoirisyringe, Le., how much force is apphed onto
the syringe to extract the alr. For example, in colder temperatures it may be move difficult
to remove the air and therefore, may require more or longer application of vacnan andior
more or longer application of vibration and’ or force or both. In some embodiments, the

teryperature of the fluwid may be inpat into a control system 728 and the amount of heating
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of the flwid may be determined using the emperahwre readings. In some embodimenty, the
temyperature readings may be used 1o determine both the amount of force apphies to the
syringe and the amount of heating applied to the fluid.
in some embodiments, (o minimize the vacuun applied to the reservoir/syringe, {or
S example, where it may be desirable to protect the flind, the device, 1 some embodiments,
may measure the force (e g., may include a pressure sensor) being pulled on the syninge to
correlate the force with the pressure being exerted onto the fluid and therefore, it may be
determined when the vacaem has been depleted such that the vacuum no longer s working.
Thus, the force or pull on the reservoir/syringe may be an output to determine when to
10 stop/cease the force or pull and also, to deternnine when a sufficient amount of air has likely
been pulled from the fluid, based on the force.
In some embodiments, asing an optical sensor, for example, an optical displacement
sensor, to determine the displacement of the plunger, together with the pressure sensor to

determune the pressure being exerted onto the fiud, the conirol system 728 may calculate

—
i

the volume of air removed as well as correlate pressure with displacement.

Referring now to FIG. 18 one embodiment of a system for maintaining a lower
posiiive pressure within a fluid vial 702 1s shown. It nay be desirable to mamntain the fluid
which will eventually be used in g reservoir at or near atmospheric pressure rather than at a
pressure which may resalt in a greater volume of dissobved gas in the fluid. Thus, in some
20 embodiments, maintaining the flaid at or near atmospheric pressure may minipuze post
reservair [l fluid out-gassing as the amountvolume of dissolved gas in the fuid 1s hnuted
compared to embodiments where the pressure inside the vial is higher or increases. As
shown m the FIG. 18, 1 some embodiments, a peedle 71615 inserted through the septum

718 of the vial 702, The needle 716 may include two ends which are vach open 1o the
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atmosphere. However, in some embodiments, the end exposed to the ocutside of the vial 702
may mclude a filter, which, in some smbodiments, mav be a hydrophobic filter {nof shown},
to mamtain steriiiy anddor to maintain the needle as dry.

In some embodiments, the needle 716 may include 8 one~-way check valve 720 on
one end of the neadle 716, In some embuodiments, the one-way check valve 720 may have a
M T or 2, forexample, PST eracking pressure. When the pressure within the vial 70218 high
enough, the vial 702 will vent. This may lower the positive pressure in the vial, In some
embodiments, the check valve 720 may lanit the intarnal vial 702 pressure so that i s no

greater than ammospheric pressure plus 1 or 2, for example, additional P51 Thuas, in these
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embodiments, the apparaiusisysiem shown in FIG. 18 may be beneficial for many reasous,
inclodimg, but not liamited to, himiting the pressure due to atmospheric pressure change.
Referring now also to FIG. 19, in some embodiments, the device/system shown mn
FIG. 18 may additionally include a vial manager apparatus 722 that may be sized and
S shaped to accommodate the vial 702 sach that the vial manager apparatus 722 may be
removably attached to the vial 702, Tn some embodiments, the vial manager apparates 722
may include a pump 724, which may also be termed an air pump, in fluid connection with
the mside of the vial 702 through a needle 716, The pump may be used for pumping air out
of the vial 702, which may be, in some embodiments, an electromechanical pump and / ora
10 pump that may be manually operated. The pump 724 may be used to apply a low vacuum
on the iside of the vial 702, In some entbodiments, the pump 724 may be a diaphragm
muonp that may be battery operated and works to pdl, e g, 8 PSTUess than stimospheric
pressure, which, in various embodiments, may include polling at PST from less than 1 0 12,

for example, vacinam on the inside of the vial 702, 1n some embodiments, the vial manager

—
i

apparatus 722 may include a power souree, Lo, a battery 726, (o provide powser 1o at least
the pump and/or the processor. In some embodiments, the vial manager apparatus 722 may
additionally mclude a processor 726 and/or a tumer that may be preprogrammed 1o turn the
pump 724 on and off to limit the vacoum, e.g., the pump 724 may pump for 30 seconds
every 3 minutes. However, in some embodiments, the duration that the pump is on and {or
20 the frequency of the durations may depend on the leak rate of the vial 702, In some
embodiments, the pump 724 may run constantly,

in some embodiments, the vial manager apparatus 722 may additionally mclude a
pressure sensor {not shown) located within the path of the needle 716, In vanous

embodiments, the pressure sensor may contmunication with the provessoricontrol system
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728 and the pump 724 may be activated based on the pressure data from the pressure sensor.
{nn some embodiments, where a pressure sensor i3 meluded i the needle 716, the device
may determine if the vial 702 has tipped vsing the pressure sensor reading. In some
embodiments, where g tip 15 deternuned, the vial manager apparatus 722 may alarm using
any fype of alarm including but aot linuted to, blinking or one o move lights, audio alarm
30 andfor vibratory alarm. Determimung when the vial 702 has tipped may be beneficial for
nany reasons. including but not hmited to, once the vial 702 has tGpped. the air pump 724
may not be able to pump air since fhud may be i contact with the needls 716, Thus, the

vial manager apparates 722 may not be able to pul a vacuum on the vial 702, Thus, it may
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be desirable to alarmvdalert onge the vial 702 has tipped. This alaravalert may, in some
embodiments, be triggered by the pressure sensor.
in some embodiments, the vial manager apparatus 722 may include one or more
lights 1o indicate conditions, for example, one or more green lights and one or more red
S lights, mdicating the status of the vial manager apparatus 722 andéor the vial 702, In some
embodiments, the vial manager apparatus 722 may include one hight which may, by, e.g.,
blinking, indicate various status conditions.
In some embodiments, the vial manager apparatus 722 may include at least one
accelerometer that may be connected 1o a processor 728, This may be used 1o determine
10 when /if the vial has tipped whale in storage.  In some embodiments, the vial manager
apparatus 722 may additionally include at least one alarm (for example. vilwatory and/or
audio and for visnal) to alert the usericare giver that the device has tipped. In some
embodiments, the needle 716 nuay include 8 filter, which, in some embodiments, may be a

hydrophobie filter {not shown). The hvdrophobic filier may be beneficial for many reasons,

—
i

nclading, bul not Hmited to, protecting the air prenp 724 from pumping flhud

in some embodiments, the vial manager apparatus 722 processor 728 may include a
vial manager control system. The system may include at least one temperature sensor
which may be located inside the vial manager apparatas 722 and may be in communication
with the processor 728, The at Jeast one temperature sensor may provide temperatwre data
20 onapredeternyned frequency, e.g., every S nuputes, and at a threshold high or low
termperature reading, the apparatus 702 may slarmvdalert. In some embodiments, the vigl
manager apparatus 722 may include a time keeper which, when, for example, the vial
manager apparatas 722 is connected to a vial 702, the timer may be inrtiated, and at a

predetenmined time, e.g., 28 days, the vial manager apparstus 722 may alarm/alert the user
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that the vial should be replaced and/or has been in use for the predetenmined amount of
time. This may be beneficial for many reasons, mchuding, bai not Hmited to, alerting the
user when the fluid inside the vial 702 may be passed the expiration date thereby ensuring
the user does not use expired fluid and/or medication for therapy.

The vial manager apparatus 722, in some embodiments, may be made from any
30 matental, including, but not Himited to, any type of plastic andior metal. In some
embodiments, the vial manager apparatus 722 15 placed over the top of the vial 702 and
once the needle 716 pierces the septum 718, the timer may initiate a countdown. Thus, the
vial manager apparatas 722 provides a system for mintaining the pressare in a vial 702 and

also, for ensuring providing a method for determining when the wviad 702 was first used 12
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when the neadls 716 is first inserted indo the vial 702, In some embodiments, the vial
manager apparatus 722 may be used while a vial 702 is “inuse”, e.g., while a user 15 using
the vial 702 for therapy.

in some embodiments, the vial manager apparatus 722 may include a disposable

S portion and a reusable portion. For example, in some embodiments, the portion of the vial
manager apparatus 722 that connects with the vial 702, including the needle 716, may be
contained in the disposable portion. Thus, the reusable portion may include, but is not
Hmited to, the processor, power sowrce, and pamp, etc. This may be beneficial for many
reasons, nchuding, but not hmited 1o, reusability of many clements of the vial manager
6 apparatus 722,

in some embodiments, a stick-on pressure and/or foree pauge mayv be placed ona
vigl of fluid, and in some embodiments, on a vial of insulin. The gaupe may tell the wser the
current pressure of the vial. In some embodiments, the pressure may be indicated as various

color shades. Any stick-on pressure gauge may be used imxhuding a non-reversible pressure

—
i

label. In some embodiments, a Reversible Pressure Label may be usad ov a label with both
reversible and non-reversible components may be used.

in some embodiments, a pressure andior force label may be wcluded on the vial. 1t
may be desirgble o nclude 3 pressure andfor force label for many reasons, including, st
not linnted to, determining whether a pressure/force was exerted onto the vial that may be
20 indicative of an elevated volume of ar saturation n the fluid, Le, may indicate that there
may have been an increase in the volume of dissolved air in the fluid which may lead to
additional cut-gassing of the atr. This may, in some embodiments, be mdicative that the
vial of fluid may be compromuised and therefore, it may be desiable for a user/caregiver to

know whether the vial has been compromised.

| 2
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In vanous infusion device, for example, including those shown and described herein
as well as in U, Patent No. 7498,363, issuad March 3, 2009 and entitled Optical
Displacement Sensor for Infasion Devices (Attorney Docket No. D78); ULS. Patent Neo.
7,306,574, 1ssued December 11, 2007 and entitled Loading Mechanism for Infusion Pump
{ Aitorney Dogket No. C34); PCT Application Senal No. PCT/US009/0601 38 | filed October
09,2009 and entitled Infusion Pump Assenibly, now Pabbication No. WO 2010:042814,
published April 13, 2010 {(Attorney Docket No. FSIWO): US. Patent Application Serial No.
704,899, filed February &, 2007 and entitled Fhud Delivery Systems and Methods, now
U.S. Publication No. UIS-2007-0228(71~A1 published October 4, 2007 {Attorney Docket No.

E70y; U.S. Patent Appheation Serial No. 124347 985, filed December 31, 2008 and entitled
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Infusion Pump Assembly, now LLS. Pablication No. UiS-2000-4299277-A1 published
December 3, 2009 (Attorney Docket No. G73); and LLS. Patent Application Senal No.
12/560,106 filed September 13, 200%and entitled Svstems and Methods for Fluid Delivery,
now ULS. Publication No. US-2010-0185142-A1, published July 22, 2010 {Attorney Docket
S No. G47), which are slf hereby incorporated herein by relerence i their enbireties, 1 some

embodiments, the disposable / reservoir portion of the ifusion s may nclude one or
more coatings to mutigate air bubbles. The coatings may be applied to the fluid pathways
within the disposable { reservoir portion and / or to the outside of the reservour. With
respect 1o coatings apphed to the fhad pathways, n some embodiments, a coating may be

16 applied to change the surface tension properties such that the surface is more hydrophlic,
increasing the hvdrophilic properties of the fluid path may alter the angle of contact
between an aly bubble and the flaid path surface, thas enabhing mitigation of the air bubble
by priming or pumping. It some embodiments, the coating may be applied to the hard

plastic portion and / or the membraneg portion.

—
i

With respect {0 the reservoir, n some embodiments, a coating may ba apphied {o the
outside of the reservoir. The coating may be selected to decrease the permeability of the
reservotr thus, may decrease the incidence of air permeating the reservoir and therefore,
may minimize and / or decrease and / or lessen the incidence the air bubbles in the reservoir,
As the coating may be applied to the outside of the reservoir, the coating used may be
20 anything desired and is not fimited to fluid compatible materials. In some embodiments, the
coating may include, but is not imited to, one or more of the following: pavylene and/or oil.
In some embodiments, the veservoir may be coated on the outside and the coating may
prevent air diffusion mward and water vapor diftfusion outward. In some embodiments, the

inside of the reservoir may be coated with & material, including, but not imuted to, a

| 2
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parvlene and / or oif and / or a hydrophilic coating material made by SurModics, Ine. of
Fden Praire, Minnesota, U.S.A., or other hydrophilic coatings that may be compatible with
the fluid 1 the reservorr. In some embodiments, this may be desirable to allow for air to
move through the reservoir material,

Altimeter

30 Referring now to the various embodiments of infasion pumps weluding those desenbed in
U8, Patent No. 7 498,563, issued March 3, 2009 and entitled Optical Displacement Sensor for
infusion Devices (Attomey Docket No, DT8); ULS. Patent No. 7,306 578, issued December 11,
2007 and entitled Loading Mechanism for Infusion Punmp (Attorney Docket No. C54); and

PCT Appheation Serial No. PCT/US2009/000 158, filed October 9, 2000 and entitled
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Infusion Pump Assenibly, now Publication No. WO 2016/042814, published Aprid 135, 2010
{Attormey Docket No. FSIWQO), and those infusion punips known in the art, in some
embodiments, an altimeter nay be mtroduced to the miusion pump,
Referring to U.S. Patent Application Serial No. 11/704.899_ filed February 9, 2007 and
S entiled Flud Delivery Systems and Methods, now LS, Publication No. US-2007-0228071-
Al published October 4, 2007 {Attormey Docket No. E70); and ULS. Patent Application Senial
No. 12347 983, filed December 31, 2008 and entitled Infusion Pump Assembly, now ULS,
Publication No. US-2009-0299277-A1 published December 3, 2009 {Agomey Docket No.
(75}, which are both hereby incorporated herein by reference in their entireties, n some
10 embodiments, the altimeter may be used in Acoustic Volume Measurements, for example,
for changing the dampening based on ambient pressure. Still referring to US. Patent
Application Senal No. 704,899 filed February 9, 2007 and entitled Fluid Delivery Svstems
and Methods, now U.S. Publication No. US-2007-0228071-A1 published October 4, 2007

{ Attornev Docket No. E70); and ULS. Patent Application Serial No. 123479835, filed

—
i

December 31, 200K and entitled Infusion Pump Assembly, now ULS. Publication No. US-
2000-0299277-A1 published December 3, 2009 (Attorney Docket No. G75), in some
embodiments, the disposable / reservoir portion of the infuston pump may mclude an
intravenous needle connectad to the tubing, rather than an mfusion set, as discussed in
various embodiments. Thas, in some embodiments, the infusion pump may be used to

20 admimister mtravenously and is not hmited to sobeutaneous infusion. In some of these
embodiments, the Suids mfused may be those used to nuninuze bleeding, for example, but
a0t Jimited to, morphine and / or blood pressure lowering medications and ¢/ or other similar
therapeutics.

Cannula Detection

| 2
Ta

in some embodiments of some infusion pumps, the cannula may be mserted into the
user such that the cannula may be {ocated directly between the aser’s skin and the mfusion
punp. This presents some challenges including, but not limited to, detennining when the
canmula has become dislodged and determining an occlusion in the cannula.

In some embodiments, two electrode contracts may be used. One electrode comtact
30 may be in located between the infusion pump and the user™s skin and is in contact with the
aser’s skin, the other that is in electrical contact with the infusion pumip.  An electrical path
hetween the two elecirodes 15 established. Using high impedance 7 low voltage, the
impendence between the two electrodes 1s determined and tracked. 1f the impedance

reaches a very hugh value, for example, “nfinity™, av occlusion and ¢ or cannulda
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dislodygement mav be inferred. The user may bealerted. This may be desiralde begause if
there 1s cannula dislodgement, the user is no longer receiving their fluid therapy. In the case
of an insulin purup, the user may experience as hyperglveemic event. Early detection and
alerting of the user may increase the safety of these types of infusion purps.

While the principles of the invention have been described heremn, 101 o be understood
by those skilled i the art that this description is made only by way of example and not as a
Iimitation as to the scope of the mvention. Other embodimenis are contemplated within the
scope of the present mvention m addition to the exemplary embodiments shown and described
herein. Modificatons and substitutions by one of ordinary skill in the ant are consmidered o be

within the scope of the present invention.
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Whal is claumed is;

1. A system comprising:
a fill adapter device comprising:
a heat exchanger comprising:
a beating element; and
a fluid pathway, the fluid pathway flurdly connected (o a filling neadle mpuy,
wherebv {hid enters the heat exchanger throggh the filling needle input and flows through
the fluid pathhway and whereby the fhuid 18 heated by the heating element;
a reservolr including a plunger and a plunger rod; and
a filling neadle configured to be removably attached o the reservoir;
wherein the fill adapter is configured (o be attached to a vial of fhnd and wherein Thad from
the vial flows through the flnid pathway and is heated and loaded into the reservolr through

the flling needle.

2. The il adapter of clam 1 further comprising a pump to pump fluid into the fluid

pathway at a predetermined rate.

3. The fill adapier of claim 1 farther comprising a check valve for metering fluid into the

fluid pathway whereby the rate of flow of flwid through the heat exchanger is controller.

4. The fill adapter of claim 1 further comprising a processor for controiling the heating of

the fluid according {0 one or more preprogrammed profiles.

5. The fill adapter of claim | wherein the filling needle input is a septum.

6. The fill adapier of claim | further comprising an aiv trap whereby the air trap sllows aw

to flow out of the heat exchanger.

7. The [ill adapter of clan 6 wherein the air trap comprising a hyvdrophobic fler.

5. A fill adapter device comprising:

# heat exchanger comprising:
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a heating slement; and
a fluid pathway, the fluid pathway fluidly connected 1o a filling needle mput
and a vial, whereby fluid front the vial enters the heat exchanger and Hows through the [had

pathway and whereby the fluid 15 heated by the heating element.

9. The fill adapter of claim ¥ further comprising a puny to pump Twd isio the fhad

pathway at a predetermined rate.

10, The fill adapter of claim R further comprising a check valve for metering fund into the

fluid pathway whereby the rate of flow of fluid through the heat exchanger is controller.

P The fill adapier of claim 8 further comprising a processoy for controlling the heating of

the fluid according o one or more preprogranumed profiles.

12, The fill adapter of claim € further comprizing wherain the Gl adapier is configwred o

be attached o a vial of fwd.

13, The il adapter of claim 8 wherein the filling needle inpul is 8 septum,

t4. The fill adapier of clann 8 further comprising an an trap whereby the air trap allows air

to flow out of the heat exchanger.

15, The §l adapter of clatm 14 wherens the aiv trap comprising a hydrophobic filter.

16, A method for atmospheric mitigation in an infusion pump comprising:
a pressure sensor sending dala to a punp processor at 3 pradetermined interval;
deternuning if the data exceeds an alarm threshold;
if the data exceeds a predetermined alarm threshold, the processor mdicating to the
aser 1o disconnect from a cannula;
determining if the data meets a pre-deternuned safe threshold; and

indicating to the user to re~connect to the cannula.

P70 An infusion pump systent COmprisiang:

7 TOSeTVOIE;
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an active check valve located downstream from the reservoir and apstream from a
cannula;
a passive check valve having a cracking pressure located downstream from the
reservoir; and
S & pump processor, wherein the active check valve 15 opened by the pump processor
for scheduled pump deliveries;
wherein when fluid pressure overcomes the cracking pressurg, the passive check valve

opens, and fluid flows from the reservoir and through the passive check valve.

10 180 An infusion pump system comprising:
a reservoir; and
at least one valve downstream from the reservoir wherein al least one valve is a
pressure compensation valve having a cracking pressure wherein a differential pressure

related to the change a slittnde of the infusion punp cases the i least ong valve {0 open.

15
19, A method for atmospheric mitigation in an infusion pamp comprising:
receiving information related to a scheduled departure and a scheduled landing time;
modifving the frequency of processing data related to altitude based on the
information;
20 deternuning, by comparing the information and the altimeter, whether a change in
schedule may be occurring;
alerting a user of a change of schedule;
requesting updated schedule miormation; and
modifving the scheduled delivery of fluid based on the entered schedule a altimeter
28 data
20, An infuston pump system comprising:
A reservolt comprising a plunger;
at least pne sensor for determining the location of the plunger; and
30 a processor configured to recenve information from the at Teast one sensor and

confipured to modify the frequency of determination of the location of the plunger and
vonfigured to:
determine the volame of fhud either siphoned into or delivered out of a

reservoir; and
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modifv scheduled pump deliveriss for o predetermined amount of time.

21, A sysiem for temupergture compensation for an nfusion pump, the system comprising:

at least one temperature sensoy; and

at least one processor, the processor in commumeation with the temperature
SENIOT,

whereint the processor determines a target plunger position snd, based at least
gpon conpnenication from the temperature sensor, modifies the target plunger position

based on the temperature sensed.

22, A system for pressure mitigation for an infusion pump, the sysiem comprising:
at feast ove pressure sensor; and
a processor, wherein the pressure sensor sends datya 1o the processor and the
processor mitigates pressure changes if the pressure changes nieet a preprogrammed

threshold.
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