THERAPY MANAGEMENT DEVELOPMENT PLATFORM

Background
[0001] This patent is directed to the development of fgeraanagement

systems and methods, and, in particular, to theldpment of therapy management
systems and methods that involve modification efdtructure and/or operation of a
medical device or system used in conjunction waththerapy.

[0002] Therapy, or treatment, for a medical condition rhaycharacterized in a
number of different ways. For example, therapy imayliscussed in terms of the
agent used to affect a change in the patient’'sitongdsuch as a drug or radiation.
As another example, therapy may be discussednmstef the mode or route of
administration.

[0003] Infusion therapy — the intravenous delivery (idelivery into a vein) of
therapy — is well known in the art. In its simplesm, infusion therapy may be
carried out using a container or bag connectedp@tiant via a drip chamber, an
administration set and a catheter. In such asyated according to such a method,
fluid passes from the bag to the patient undeirttheence of gravity. In a more
complex system, a pump or a cuff may be used ttralahe flow of the fluid to the
patient.

[0004] Improvements to pumping systems used with infuthenapy have
included the introduction of pump controllers. @ar pump controllers may be used
as a central point for programming one or more pinifhe pump controller may
also be used as a central point for displayingrméiiion concerning the operation of
the pumps and related sensors. Further, the pompotler may be used as a central
point for communication between the pumps and ssrewd remote computerized
systems, such as record-keeping systems for pati@nmation and databases of
pharmaceutical information.

[0005] Despite the inclusion of the pump controller, infurstherapy
management has conventionally involved human ietdren, in the form of one or
more clinicians administering the process. FongXa, the clinician may examine
the historical data from pump or the patient’s thegarding the therapy (flow rate,

volume infused, etc.). The clinician may then camelihis data with additional data



regarding the patient’s condition such as may hiaioed from an instrument (e.g.,
blood pressure cuff, heart monitor, etc.), thegudts chart or the patient directly.
Finally, the clinician will exercise his or her meal judgment regarding changes to
the therapy.

[0006] The development of new therapy management techsiithuis typically

rely upon a clinician’s expertise, and must faeedhallenge of a rigorous regulation
scheme as well. Taking drug delivery as an exanaigleelopments tend to occur as
to a particular drug and a particular route ofvly. Even in those instances where
certain changes of therapy have been automated\{dgre the pump automatically
modifies its operation in accordance with a semsading), the development has been
isolated to a particular drug and/or required curgd intensive clinician involvement
to manage the system. Certainly, the nature ofdtes is influenced by the need to
obtain regulatory approval prior to wide-spreaeask of the therapy, which approval
is only obtained after extensive development astirtg of such unique systems. One
effect of the isolated nature of development isdiferation of unique single-use or
limited-use systems, methods and/or devices, \nghattendant problems of
supplying and supporting each of these devices.

[0007] As set forth in greater detail below, the presesitidsure sets forth an
improved assembly embodying advantageous altessatosthe conventional devices
and methods discussed above.

Summary
[0007a] According to a first aspect of the presemnention, there is provided a

therapy management development platform for fatihy development,
modification, or testing of a therapy managemestesy, the platform comprising: (i)
a pump controller with a pump input/output intedamoupled to the pump controller,
and (i) an interface module including an interfamedule controller and a module-
sensor input/output interface, the module-sengautioutput interface having at least
one standardized input port, at least one starziddoutput port and at least one
standardized power connection, and the interfaceuteocontroller customizably
programmed to receive data from a sensor coupldidetonodule-sensor input/output
interface and from the pump controller and to pdevinstructions to the pump

controller to vary the operation of a pump coupledreto according to a level of



access, wherein, when set to an initial level afeas the platform provides first
functionality, and when set to a second level afeas the platform provides second
functionality, wherein the first functionality ande second functionality relate to the
use with the platform of sensors or algorithms, aviterein the variation of the
operation of the pump according to the level ofeasds non-therapeutic in nature.
[0007b] According to a second aspect of the presem@ntion, there is provided a
method of providing therapy management developm#r, method comprising:
providing a computerized therapy management dewatop platform including at
least (i) a pump controller including a first preser, and (ii) an interface module
including a second processor and a module-senpat/autput interface and coupled
to the pump controller; performing one of both @) coupling a sensor-under-test to
the module-sensor input/output interface; and/pp(bgramming the pump controller
with an algorithm-under-test; setting the compueti therapy management
development platform to a first level of accesdatcilitate a first stage of testing of
the sensor-under-test and/or the algorithm-undsr-téhe first level of access
providing first functionality; testing one or momespects of the sensor-under-test
and/or the algorithm-under-test; setting the compzéd therapy management
development platform to a second level of accassesponse to entry of a key or
password, to facilitate a second stage of testinth® sensor-under-test and/or the
algorithm-under-test, the second level of accessiging second functionality; and
performing additional investigation of one or m@gpects of the sensor-under-test
and/or the algorithm-under-test using the secondtfonality.

[0008] There is disclosed a method of providing therappagament
development is provided. The method includes pliogi a therapy management
development platform having a plurality of levefdunctionality, the platform
including a medical device capable of providingfpgy management, setting the
platform to a first level of access to the funcabty relative to the medical device,
and modifying the operation of the medical devismg the platform. The method
also includes receiving an indication of approwgathange the level of access to the
functionality of the platform to a second levelaatcess, and setting the platform to
the second level of access to the functionalitshefplatform in response to receipt of

the indication of approval.
[0009] There is also disclosed a therapy management dawvelat platform

includes a pump controller with a pump
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input/output interface coupled to the pump congmland an interface module
including an interface module controller and a meekensor input/output interface,
the module-sensor input/output interface havinigadt one standardized input port,
at least one standardized output port and at tessstandardized power connection.
The interface module controller is customizablygsesnmed to receive data from a
sensor coupled to the module-sensor input/outpetface and from the pump
controller and to provide instructions to the pucoptroller to vary the operation of a
pump coupled thereto.

Brief Description of the Drawings

[0010] It is believed that the disclosure will be mordyfuinderstood from the
following description taken in conjunction with thecompanying drawings. Some of
the figures may have been simplified by the omissibselected elements for the
purpose of more clearly showing other elementsch@umissions of elements in some
figures are not necessarily indicative of the pneseor absence of particular elements
in any of the exemplary embodiments, except asmagxplicitly delineated in the
corresponding written description. None of thendngs are necessarily to scale.
[0011] Fig. 1 is a schematic view of a therapy managemewtlopment

platform according to the present disclosure;

[0012] Fig. 2 is a block diagram of the platform of Fig. 1

[0013] Fig. 3 is a flowchart of a method of preparing agvam for the sensor
module of the system according to Fig. 1,

[0014] Fig. 4 is an illustration of the development toséd in programming of
the sensor module;

[0015] Fig. 5 is a schematic view of an alternative thgnaganagement
development platform according to the present dsole;

[0016] Fig. 6 is a block diagram of the platform of Fig. 5

[0017] Fig. 7 is a block diagram of a further alternatikerapy management
development platform according to the present dsole;

[0018] Fig. 8 is a flowchart of the method using the syst@ccording to the
preceding embodiments to provide a controlledrigstormat for device approval;
[0019] Fig. 9 is a flowchart of a operational process usgethe systems

according to the preceding embodiments;



[0020] Fig. 10 is a flowchart of a testing sub-procesglusethe systems
according to the preceding embodiments in carrgungthe operational process of
Fig. 9, for example; and

[0021] Fig. 11 is a flowchart of a programming configuoatsub-process used
by systems according to the preceding embodimecdrirying out the testing sub-

process of Fig. 10, for example.

Detailed Description of Various Embodiments
[0022] Although the following text sets forth a detailegkdription of different

embodiments of the invention, it should be undexdtihat the legal scope of the
invention is defined by the words of the claimsfeeth at the end of this patent. The
detailed description is to be construed as exemplaly and does not describe every
possible embodiment of the invention since desugil@very possible embodiment
would be impractical, if not impossible. Numer@ligrnative embodiments could be
implemented, using either current technology ohmetogy developed after the filing
date of this patent, which would still fall withthe scope of the claims defining the
invention.

[0023] It should also be understood that, unless a teewpsessly defined in this
patent using the sentence “As used herein, the‘term ' is hereby defined to
mean...” or a similar sentence, there is no intetimit the meaning of that term,
either expressly or by implication, beyond its plar ordinary meaning, and such
term should not be interpreted to be limited inpEcbased on any statement made in
any section of this patent (other than the languddke claims). To the extent that
any term recited in the claims at the end of tlaiept is referred to in this patent in a
manner consistent with a single meaning, that reedor sake of clarity only so as to
not confuse the reader, and it is not intendeddhelh claim term be limited, by
implication or otherwise, to that single meanirgnally, unless a claim element is
defined by reciting the word “means” and a functathout the recital of any
structure, it is not intended that the scope of dayn element be interpreted based
on the application of 35 U.S.C. 8112, sixth parpgra

[0024] As noted above, development of new therapy managgesystems and
methods have generally focused on the cliniciahis Tocus may be influenced by the
degree to which the experience of the cliniciardgaithe implementation of many

therapy management systems and methods. Certtdiigdyfpcus has its limitations, in



that while the clinician may be experienced intiieatment of a particular medical
conduction or the use of a particular delivery sysor drug, for example, the
clinician may not be experienced in the actualgieand operation of the delivery
system used. Given the rigorous testing that testonducted and therefore the
level of knowledge of the structure and operatibthe system required, the barriers
to variation of the delivery system as part of e itleerapy are high, especially upon
the advent of sophisticated control devices, ssgbuanp controllers.

[0025] On the other hand, the advancement of medical seieould be
benefited from a shift from the skills and expecef the clinician, at least as to
variations in equipment, to those of the medicaicdemanufacturer. The medical
device manufacturer, while lacking the degree phssiication of the clinician in
their understanding of the patient’s response toquaar therapies, has a deep and
thorough knowledge of the structure and operatianedical devices and systems.
As such, variation of the structure and the openadif the device may represent a less
impressive barrier to the manufacturer than toctimecian.

[0026] While recognizing that the traditional model foinatian/manufacturer
development has involved an intensive partnerseipéen the two parties, it is
believed that a more standardized approach tesHueiof therapy management
development may provide for advantages to bothgsartin particular, it is believed
that the organized and standardized set of toots, lhardware and software,
presented herein will provide greater access talihiian, while at the same time
decreasing the need for intimate interaction wilhihanufacture on a daily basis.
Further, safeguards may be included in the systetied¢rease the likelihood that
development will subvert existing regulatory franoekv

[0027] Fig. 1 illustrates schematically an embodiment tfeaapy management
development platform. In particular, this platfoisruseful for designing sensors to
be used in conjunction with a pump for use in wérsous (1V) infusion therapy, and
in particular for closed-loop IV infusion therapissich as IV drug control. However,
as it will be recognized and as explained heréia therapy management
development platform may be used in conjunctiomwiher therapies provided by
other medical devices as well.

[0028] As seen in Figs. 1 and 2, a therapy managementagewent platform, or
system, 100 according to the present disclosuteissrated. The system 100 may

include a pump controller 102, an interface modi@lé, and a sensor 106. The pump
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controller 102 and the interface module 104 commatei with each other, as do the
interface module 104 and the sensor 106. Eachegleaf the system 100 will be
explained in greater detail below.

[0029] As illustrated in Figs. 1 and 2, the pump controlle2 may be disposed
or mounted in a housing 110. The housing 110 neagdmfigured to be attached to a
stand such as may be used to support therapy elewicthe like. Alternatively, the
housing 110 may be configured to sit on a surfageh as desk top or the like.

[0030] The pump controller 102 may include a processormaechory. The
memory may be in form of read-only memory (ROM) aaddom access memory
(RAM). The ROM may take many different forms, uding erasable programmable
ROM (EPROM) and electrically erasable programm&tlsvi (EEPROM).

[0031] The pump controller 102 may be coupled to a purpptioutput (1/0O)
interface 112. The pump I/O interface 112 is agunied to permit the pump
controller 110 to communicate with one or more parp4 associated with the pump
controller 102. The communication between the pompumps 114 and the
controller 102 may be carried out over a hardwaednection or wirelessly, through
the use of radio-frequency (RF) or infra-red (IR)nsmitters and receivers, for
example. A wide variety of communication protoamlay be used, such as wired
Ethernet, wireless Ethernet (Wi-Fi), ZigBee, anddiboth.

[0032] The pump controller 100 may also be coupled toea U® interface 116.
The user I/O interface 116 may include one or noatput devices, such as a visual
display (such as a liquid crystal display (LCD)adight emitting diode (LED)
display) and/or an audible display (such as a p&eotric buzzer). Such output
devices may be used to provide key interaction sviendelineate how therapy
control is affecting outcome parameters, e.g., invaltiable graphs with marked
events. The user I/O interface 116 may also irelutke or more input devices, such
as push buttons, touch-screen panels, keyboardsharike; the input devices may
also include readers for use with barcode, RFIDgmeéic stripe or holographic image
technologies. The user I/O interface 116 may leel tis access information stored
within the pump controller 102 (such as flow higtarolume delivered, delivery
interruptions, flow rates, and drug sensitivityarmhation) and/or to program the
pump controller 102 to control the operation of time or more pumps 114.

[0033] The interface module 104 may also include a nurobdifferent

subsystems, all of which may be disposed or mountachousing 120. As
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illustrated, the interface module 104 includes aue controller 122, a power supply
124, a pump controller-module I/O interface 12&a@dule-sensor 1/O interface 128,
and a user I/O interface 130. The housing 120 Ineagonfigured to be connected to
or mounted on a stand, similar to the housing dL@)ay even be configured to be
connected to or mounted on the housing 110.

[0034] Like the pump controller 102, the module controfl@? may include a
processor and memory. The memory may be in fornead-only memory (ROM)
and random access memory (RAM). The ROM may takeyndifferent forms,
including erasable programmable ROM (EPROM) andtetally erasable
programmable ROM (EEPROM).

[0035] The pump controller-module I/O interface 126 ised to the module
controller 122 and permits communication with tiwenp I/O interface 112, perhaps
according to one or more standardized communicatiotocols, such as are being
formulated by the International Standards OrgaimpaiSO) and (IEEE) through the
incorporation of the Integrating the Healthcaredgntise (IHE) processes. As was
the case with the pump(s) 114, the communicatidwdxn the pump controller-
module I/O interface 126 and the pump I/O interfat2 may take the form of a
hardwired or wireless connection. The pump colgrehodule 1/O interface 126
may be configured to the particular proprietarydwaare and software specifications
of the pump controller manufacturer.

[0036] The module-sensor I/O interface 128 has at leaststandardized input
port, at least one standardized output port atebat one standardized power
connection. The module-sensor I/O interface 128ss coupled to the module
controller 122 and the power supply 124, with tbexmunication between the
interface 128 and the controller 122 permittingc¢batroller 122 to communicate
with the sensor 106 and the connection betweemtadace 128 and the power
supply 124 to provide power to the sensor 106.

[0037] The user I/O interface 130 is coupled to the modaldroller 122 and is
similar to the user I/O interface 116. The useriti@rface 130 may include one or
more output devices, such as a visual display (asahnliquid crystal display (LCD)
or a light emitting diode (LED) display) and/or andible display (such as a piezo-
electric buzzer). Such output devices may be ta@dovide key interaction events
to delineate how therapy control is affecting oategparameters, e.g., multi-variable

graphs with marked events. The user I/O interfi@@may also include one or more
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input devices, such as push buttons, touch-scraeelg keyboards, and the like.
However, unlike the user I/O interface 116, the 2 interface 130 may not have
dedicated text-based interface or graphical ugerface (GUI) associated with the
output devices or dedicated icons or pictogramigiasd to the input devices. The
absence of such dedicated assignments is discusgeshter detail below.

[0038] In addition to being coupled to the interfaces 1243, 130, the module
controller 122 may also be in communication wittoaputing device 140. The
communication with the computing device 140 mayhaelwired or wireless. The
communication may also be continuous or discrétg;is, the controller 122 may be
coupled to the computing device 140 through theafigecable or transmitter/receiver
connection, or one or more memory devices (e.gmaong sticks) may be used to
transport programs prepared using the computingcedviO to the controller 122.
While not shown, a further interface may be dispdsetween the controller 122 and
the computing device 140 to permit communicatiotwieen the devices.

[0039] In particular, the computing device 140 may inclode or more
applications (which may be collectively referrecatba development toolkit) that
facilitate programming of the controller 122. Taegpplications may permit a
program to be written by a user through the maafparh of a GUI in combination
with a library of standardized input commands, atgommands, and procedure
commands. The user would thus be able to selaat fine input commands, output
commands and procedure commands to compose a proghach the application
would automatically convert into a language undergtby the controller 122. This
may be achieved with greater efficiency using teeetbpment toolkit than without.
[0040] For example, a user may select input and outputtamas to establish
data channels to receive signals from the sengirsi@nals from the pump controller
102 and signals from the user I/O interface 130e tiser may also use standardized
commands to scale the inputs according to rangdsedfignal outputs from the
sensor 106 and pump controller 102. Further, e& may select filtering algorithms
from the procedure commands to, for example, ftherdata received from the sensor
106 and the pump controller 102. The user maysd$ect control algorithms that
implement one or more standardized control modélsthermore, these control
algorithms could be represented in the GUI thratlghuse of intuitive

representations and symbology, rather than contplicexpressions of these complex



algorithms. Unit correction could be handled awtoally based on the input,
output, and procedure commands selected.

[0041] As a more particular example, the user may hawanagiucose sensor to
be used in a closed-loop drug delivery controleyst The user may use the
development toolkit to assign certain channelhefgump controller 1/O interface
126 to retrieve pump data, to assign certain cHaroig¢he sensor-module 1/0
interface 128 to retrieve sensor data, and to gandithe user 1/O interface 130 to
display information on or controls for the paramgtef interest (blood glucose,
glycosolated hemoglobin, IV insulin infusion flowte, and oral and IV nutritional
inputs). The user may use the scaling tools teesba glucose readings according to
the minimum and maximum voltage outputs for theseed 06, and the pump flow
rate and inputs according to the nutritional sealected. The user may also select
filtering algorithms to eliminate noise from thenser data (e.g., a 3-pole, low pass
filter), and to eliminate user data entry erromsirthe input data. The user may also
select an available control model from a librarithwthe only input being selection of
the loop gains and feedback sources for each coempah the model. The
application would then automatically perform infegchecks (such as for
mathematical unit consistency and conversions)gamerate a program, complete
with the necessary system equations, that coulplmaded to the controller 122.
[0042] Of course, while it may be suggested from the disicuin above that the
computing device 140 may be disposed in the samergkarea as the controller 122
to permit uploading via a local hardwired or wisdeconnection, or uploading of the
program to a controller 122 from a portable mendeyice moved between devices
occupying space in the same room, this need ntitebease according to all
implementations of the system 100. For examptgnaputing device 140 may be
disposed in a location remote to the system 10tk program (once generated)
may be transmitted electronically over a compuggwork (such as a wide area
network, an intranet or the Internet). As a consege, the action of uploading may
involve the movement of the program across greadigghic distances between the
computing device 140 and the system 100.

[0043] Thus, Fig. 3 shows a simplified method 200 accardinthe present
disclosure, wherein user uses a computing devifaudrdning the development toolkit
application to select commands from a standardibeary of commands for

programming the module controller 122 at block 202e computing device 140
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then performs certain checks on the commands sélettblock 204, and converts the
commands to generate a program in a language uwodensy the module controller
122 at block 206. The program may then be uploaal¢de module controller 122 at
block 208.

[0044] Fig. 4 is a representation of the graphical ustriace 220 displayed to
the user by the development tool kit operatingrandomputing device 140. The
graphic user interface 220 is merely an exemplaryaeliment; it will be recognized
that other interfaces are also possible.

[0045] According to the illustrated embodiment, the irdedf 220 includes a
plurality of user options. For convenience anceed#smplementation, the user
options are organized into three groups or categoriherapy control options 222,
sensor configuration options 224 and filter confedgion options 226. Within each
group 222, 224, 226, there may be a plurality efr uptions, as illustrated. However,
it is also possible to have a group defined bynglsiuser option, and it is possible to
have all of the user options organized into a sirggbup.

[0046] Each of the user options within each group 222, 226 may be
associated with one or more objects, routines,rarog, etc., the configuration of
these objects, routines, programs, etc. beingenfted by the user options selected or
modified within the one or more groups 222, 224.2Eor example, within the
therapy control option group 222, there are optionginear PID control 230, non-
linear control 232, model predictive control 23daptive control 236, and fuzzy logic
control 238. Selecting any one of the options 232, 234, 236, 238 may use a
particular object, routine, program, etc. to thelesion of objects, routines, programs
etc. for the other options. As such, a radio buttay be used so that the user may
select only one of the options 230, 232, 234, 238,

[0047] Moreover, the user options may be organized usingeastructure, such
that a selection of a first user option may leatutther options being available to the
user, while other options are excluded. For examipthe linear PID control option
230 is selected, there are further options 240, 242 for setting a proportional,
integral or derivative factor. While the furthgtmns 240, 242, 244 are illustrated as
being displayed at the same time as the optionsZ31) 234, 236, 238, the options
240, 242, 244 may be displayed only if the linel@ Eontrol option 230 is selected.
As another option, a pull-down list or other GUhtml may be used to display the
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options possible within the linear PID control apti230 (or any of the other options
for that matter).

[0048] It will also be recognized that the user option8,282, 234, 236, and
238 are all options for closed loop control of #ystem of the therapy management
including the pump 114. Within the control grolg02there are also options for
clinician control as well. This illustrates thaitln each group 220, the user options
may be further organized into subgroups as wedk. tke clinician control, user
options may focus on the display of informationdger by the clinician, as well as
the setting of boundary conditions to prevent irethnt user error.

[0049] For example, the user options under clinician adnirclude display
options 250 and alarm options 252. The displajoapt250 may include display of
flow rates and volumes, as well as historic infaioraon pump operation. The alarm
options 252 may include options for when to setaoifible and/or visual alarms,
either in terms of changes in sensor output or satfmer condition, such as drug
sensitivity. The options 250, 252 also highlidie fact that the user options do not
necessarily require an input in the form of a nuoealue or a pull-down list, but
may simply be in the form of a check box.

[0050] In regard to the sensor group 222, user optionsdnsor input 260,
display 262, and gain 264 may be selected. Astinasase with the user options
within the control group 220, the user optionsifggut 260, display 262, and gain 264
are associated with objects, routines, progranssilet are influenced by the
selections made. Further, some of the optionsnateally exclusive — the
amplified/unamplified option and filter/unfiltereaption under the display subgroup
262 are examples. Other options require the osgravide a numerical value, such
as the gain subgroup 264.

[0051] Finally, in regard to the filter group 224, usetiops are available to
select objects, routines, programs, etc. thatpeitform filtering of the data from the
sensor 106 before it is used in the control algarit Possible options may be
organized into low pass, high pass, and band pdggaups 270, 272, 274. An
subgroup 276 for user options regarding use of IFastier Transforms (FFT) may
also be provided. As illustrated, each one ofstifegroups may have a plurality of
options associated therewith.

[0052] Having thus discussed the system 100, the metho@®R0se of the

development tool kit, and an exemplary embodiméat @UI 250 associated with the
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development tool kit, it will be recognized thaetsystem 100 may include one or
more additional aspects, which aspects may praadidigional advantages to the
system 100.

[0053] For example, the system 100 may be used with @atdized sensor
platform for the sensor 106 permitting the sen€d tb be connected to the sensor-
module I/O interface 130. The platform, which nteyin the form of a catheter, may
include standardized leads for data collection@mader distribution. As a
consequence, the user may focus on developmehé skinsor or transducer, rather
than on the mechanism to position, power and/omgonicate with the sensor
relative to a patient.

[0054] Additionally, the system 100 may feature a lockonutcess that prevents
a sensor or a program from being used with the pcongroller 102 without use of
the interface module. The lockout process maytela hardware component and/or
a software component. More typically, the lockprdcess will be in the form of a
software component, such as a password or encnypfibe lockout may enable or
prevent use of the system in specific locationsrgo regulatory approval, as
explained in greater detail below.

[0055] In this regard, the lockout process may be conéidwo as to permit
different levels of access. For instance, ats favel, the system 100 may deny any
operational privileges to the system 100. At aaddevel, the system 100 may
permit the system 100 to be used for investigatiaea only. Finally, at a third level,
the system 100 may permit use of the system 100 magulatory approval has been
obtained.

[0056] It will also be recognized that while Figs. 1-4 megent an embodiment of
a therapy management development platform accotditige present disclosure,
other alternative embodiments are possible. Exampldditional embodiments are
illustrated in Figs. 5-7.

[0057] Figs. 5 and 6 illustrate an exemplary alternativioediment wherein the
module does not reside outside the housing of dimeppcontroller. As such, the
module, which may still retain its own processimgl anemory, may utilize other
aspects of the pump controller, such as the inktggraer supply of the pump
controller so reduce equipment requirements ants cddhe separation of the
processing and memory of the module permits theoeimtent of Figs. 5 and 6 to
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facilitate logical decomposition of the systemwaedl as safety and effectiveness by
establishing boundaries between the subsystenie afystem.

[0058] Referring then to Figs. 5 and 6, it will be recamgd that a therapy
management development system 300 includes a panmtier 302, an interface
module 304, and a sensor 306. The pump conti@li2Zrand the interface module 304
communicate with each other, as do the interfacéuteo304 and the sensor 306.
[0059] As mentioned above, the pump controller 302 andntegface module
304 may be disposed or mounted in a single how&lifg The housing 310 may be
configured to be attached to a stand such as magdxtto support therapy elements
of the like. Alternatively, the housing 310 maydmnfigured to sit on a surface, such
as desk top or the like.

[0060] Both the pump controller 302 and the module 304 melude a

processor and memory. In the instance of the pcongroller 302, the processor 312
and the memory 314 are represented separatelye Wiglprocessing and memory
capabilities of the module 304 are representetlerfarm of a module controller 316.
The memory may be in form of read-only memory (RGIJl random access
memory (RAM). The ROM may take many different fernmcluding erasable
programmable ROM (EPROM) and electrically erasgbtggrammable ROM
(EEPROM).

[0061] The pump controller 302 may be coupled to a purpptiioutput (1/0O)
interface 318. The pump I/O interface 318 is agunied to permit the pump
controller 302 to communicate with one or more par@p0 associated with the pump
controller 302. The communication between the pompumps 320 and the
controller 302 may be carried out over a hardwagednection or wirelessly (through
the use of radio-frequency (RF) or infra-red (IR)nsmitters and receivers, for
example).

[0062] The pump controller 302 may also be coupled toea U® interface 322.
The user I/O interface 322 may include one or noatput devices, such as a visual
display (such as a liquid crystal display (LCD)adight emitting diode (LED)

display) and/or an audible display (such as a pa&eotric buzzer). Such output
devices may be used to provide key interaction etemlelineate how therapy control
is affecting outcome parameters, e.g., multi-vdeigpaphs with marked events. The
user I/O interface 322 may also include one or ngoat devices, such as push

buttons, touch-screen panels, keyboards, andkée Tihe user 1/O interface 322 may
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be used to access information stored within thegoaomtroller 302 (such as flow
history, volume delivered, delivery interruptiofisw rates, and drug sensitivity
information) and/or to program the pump contro86@ to control the operation of the
one or more pumps 320.

[0063] The interface module 304 may also include a nurobdifferent
subsystems, which may be disposed or mounted hatimiodule controller 316 on a
card that is received in a card slot on the pummprotier 302. As illustrated, the
interface module 304 includes a module-sensorritéface 324. As is also
illustrated, the interface module 304 may be disdaubstantially within the same
housing 310 as the pump controller 302.

[0064] The module-sensor I/O interface 324 may have at lmae standardized
input port, at least one standardized output puiitat least one standardized power
connection. The module-sensor I/O interface 3258 coupled to the module
controller 316 and a power supply 326, which posugply 326 is also used by the
pump controller 302. In this fashion, the intedamodule 304 is capable of utilizing
elements typically associated with the pump colerd02 to reduce the overall
equipment requirements and costs of the module 304.

[0065] In addition, the module controller 316 may integadth the pump
controller 302 so as to communicate with the u&@interface 322 associated with
the pump controller 302. As such, the embodiméFRign 5 and 6 is able to leverage
the existing equipment of the pump controller 32&] reduce the costs of the module
304. Of course, the minimum requirements of thepeontroller 302 are different
than those of the controller 102 in that the mod@é will need to access the user
interface 322 through the controller 302 as illatgd. It will be recognized that
according to a further alternative embodiment,uber 1/0 interface 322 may be
configured such that the module controller 316 m@ymunicate with the interface
322 in parallel to the pump controller 302, ratthem in series through the pump
controller 302.

[0066] As for the programming of the module controller 3tt& module
controller 316 may also be in communication wittbanputing device 340. The
communication with the computing device 340 mayhamwired or wireless. The
communication may also be continuous or discrégg;is, the controller 316 may be
coupled to the computing device 340 through theafigecable or transmitter/receiver

connection, or one or more memory devices (e.gmnong sticks) may be used to
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transport programs prepared using the computinge&40 to the controller 316. In
this fashion, the module controller 316 may be progned without having to rely on
the user I/O interface 322 having the capabilittesranipulate the development tool
kit operating on the computing device 340.

[0067] A still further embodiment of the therapy managetmvelopment
system 400 is illustrated in Fig. 7. Accordinghs embodiment, a pump controller
402 is configured to operate similar to the pumpticdlers 102, 302, but is also
configured with sufficient I/O interfaces, procesgscapability and memory capacity
so as to reduce the module 404 to software operatithe pump controller 402 and
to permit the module 404 to be programmed withesort to a separate computing
device. As such, the pump controller 402 is sigaiftly more dedicated to use with
the module 404 than the pump controllers 102, @@2;h may be decoupled from the
modules 104, 304 and used in their more traditiooial

[0068] As illustrated, the system 400 includes the pumpyrodier 402, the
module 404 and a sensor 406. As noted above, tideilen404 resides in memory
408 associated with the pump controller 402, ang@rable on the processor 410
associated with the memory 408. The memory 408 aigyinclude a development
tool kit 412 for use with the module 404 to progrdra module to carry out the data
acquisition with the sensor 406 and potentiallyadified therapy management
routine with a pump 414.

[0069] To permit the pump controller 402 to be used tgpam the module 404
through the use of the tool kit 412, it may alsadguired that the user I/O interface
416 be configured differently than the user I/Gerfaces of the embodiments of Figs.
1 and 5. Similarly, if the I/O interface 418 iskie used to supply power to the sensor
406 from the associated power supply 420, theintieeface 418 may have
capabilities different from and in addition to ttegabilities of the interfaces of the
embodiments of Figs. 1 and 5.

[0070] Having thus discussed several different embodimeinastherapy
management development platform and their usedogdiveloper/clinician, Fig. 8
illustrates the use of these platforms as partraethod 500 of controlled,
standardized testing to obtain approval for theiosdlevices or methods developed
using the platform. As will be recognized, manydmal devices or systems require
approval prior to marketing. In certain jurisdasts, this approval is provided by

governmental bodies, while elsewhere it may beidex/by independent commercial
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organizations that are accountable to governméwoidies. The approval process may
require a series of stages of testing (bench, dnhmanan clinical, and fully approved
use on humans (“human use”)), and the stages maylewe clearly defined phases
(pilot, pivotal). The method 500 uses the platfemhescribed above to assist in
controlling therapy management development to enthat proper testing has been
performed.

[0071] At block 502, the platform is provided to a therapgnagement
developer by the platform manufacturer or a pasgoaiated with the manufacturer.
The platform may be, for example, designed in ataoce with one of the
embodiments illustrated above in Figs. 1-7. Ad él recognized, these platforms
have the ability to be used in conjunction withasra pump controller to vary the
operation of an associated pump in an infusioraginerAs will be detailed below,
other platforms may also be provided that are ustfuexample, with renal therapy
or inhalation therapy.

[0072] As will be recognized, these platforms may havéueapty of levels of
functionality relative to the medical device (egump controller and pump) that
permits the platforms to be used in bench testmgnimal testing or trials, and in
clinical (or human) testing or trials. Howevemill also be recognized that typically
bench testing and animal trials precede clinigalgy and that even within the scope
of clinical trials, different phases may be pasgtedugh sequentially in the process of
obtaining approval for the device or system. Meepit is believed that control of
the use of the platform to ensure that the tesimigials proceed in the required
fashion to obtain approval is important.

[0073] Consequently, at block 504, the platform will beypded to the user with
the platform set to an initial level of accesshe tunctionality relative to the medical
device. The initial level of access may, in maages, be suitable for conducting
bench trials using the user-defined sensor or obatgorithm. However, it will also
be appreciated that while certain advantages maptaned by using the platform
for all of the required testing (bench, animalpnidal), other advantages may also be
obtained by utilizing the platform once initial @mtesting, for example, is
completed. Consequently, the initial level of ascmay not correspond with use of
the platform for bench testing utilizing the platfoin all cases.

[0074] The access to a certain level of functionalityhwf tevice may be

achieved through the use of the lockouts descréibbede. That is, a particular
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password or encryption key may provide the developih access to the
functionality of the device useful for bench tridbait not for animal or clinical trials.
A different password or encryption key may provadeess to functionality for bench,
animal and clinical trials, and so on.

[0075] The developer is then able to modify the operatibthe medical device
using the platform, as described above. For exantipé developer may use a
prototype sensor with the medical device throughube of the platform.
Alternatively, the developer may make changes éooiberation of the control
algorithm used by the medical device to controfdbg management, in particularly
by using the developer toolkit. As a further altgive, the developer may use a
prototype sensor and change the operation of thieat@lgorithm. In any event, the
modification of the operation of the medical devirseng the platform, according to
the present disclosure, does not mean changingpir@tion of the medical device so
as to simply vary an amount or rate of therapy jgied to the patient (i.e., the
modifications are non-surgical and non-therapantend of themselves). According
to the present disclosure, the medical devicepslole of providing a first
functionality (capability of using certain sensorscontrol algorithms) prior to
modification using the platform, and a second fiomality after modification using
the platform (capability of using additional orféifent sensors and/or control
algorithms). Whilst the medical device itself maf/course, be used to provide
beneficial therapy to a patient, the claimed meshar@ performed without providing
any therapeutic benefit to a human or animal; eedlaimed methods are non-
therapeutic. Also, the claimed methods do notlverany surgical step performed on
the body of a human or animal; ie the claimed m#dhere non-surgical.

[0076] The method 500 then continues to block 506, whehemparty

controlling access to the functionality of the fdatn makes a determination if it has
received indication that the developer has receammoval to proceed to a new level
of access to the functionality of the platform,méting further testing to occur. This
indication may be provided by the developer, oalparty working in association
with the developer (e.g., an institutional reviesald), or by the
governmental/independent organizations mentionesteabFor that matter, the
approval may be determined by the party that césyrecess to the platform, and thus
need not be a party separate and apart from tltye that controls access to the

platform.
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[0077] If no approval to advance to the next level of asdeas been received,
the method 500 remains at block 506. If approvaéceived, then the method 500
proceeds to block 508, wherein the party contrglascess to the platform sets the
platform to an increased level of access to thetfanality of the platform in

response to the receipt of the indication of apgko¥or example, a platform that had
previously been useful only for bench testing mayehthe level of access modified
so as to be useful for animal studies. In addjtibe party controlling access to the
platform may set a customer charge (e.g., a ceataount of currency or value per
level of access) according to the level of accésBeoplatform, which charge may be
assessed before, at the same time, or after thedieased level of access is set. The
customer charge may vary according to the levalkogss permitted, or may be a set
amount for each increase in level of access.

[0078] Before returning to block 506, a determination rhaynade if the
approval process is complete. For example, it beagietermined at block 510 that
the level of approval received was approval to reatike medical device. Such
approval would indicate that restricted use ofpfaform, as controlled by the party
controlling access, is complete. In such a cirdam=e, the method 500 would
continue to block 512, wherein the new sensor araotrol algorithm are marketed.
Alternatively, the method would return to block 506

[0079] As noted above, the method 500 may facilitate thedardization of
testing required for eventual approval of the seasa/or therapy management
algorithm. The method 500 also may provide a ncoresistent development process,
with a system having uniform quality. Further, thethod 500 may permit the
manufacturer to leverage the innovation of a langeber of users of the above-
described system for new sensors and/or therapgpgeament algorithms to be used
with the manufacturer's commercial equipment. dtum, the method 500 may
permit innovators to leverage the expertise ofia@mufacturer in the form of a stable,
standardized system for sensor and/or algorithneldpment, lowering the level of
knowledge required by the innovators of the stmecaand operation of the
manufacturer's equipment, such as the pump and pontpller in the embodiments
described above. Further, the systems and me®@déscribed above may permit
the innovators to more easily move their innovaitmmmarket, in that use of the
system provided by the manufacturer should petmsitmianufacturer to more easily

integrate the innovations into their existing prodine and manufacturing processes.
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[0080] A further illustration of the operation (and hertke programming) of the
therapy management development platform may bedfoufigs. 9-11. It will be
appreciated, from the foregoing discussion as agethe disclosure relative to Figs. 9-
11, that the programming of the platform may ineotlie programming of a number
of separate devices or processors (see the embadimie-igs. 1-6). Moreover, the
programming may include software, and it may inelfidnware as well. Further, the
programming may be in different programming langsagach in accordance with
the device that will execute the programming orrafgeaccording to the
programming. At a higher level, the programmingyrba procedural, object-
oriented, event-driven, etc. However, it is poles{for example, in regard to the
embodiment of Fig. 7) that the programming of ttefprm may involve the
programming of a single device or processor usisggle programming language.
[0081] Turning now to Figs. 9-11 in detail, Fig. 9 provsde overview of the
operation of, for example, the system 100 fromatidn of development to use of the
system 100, for example, in a healthcare settinly avpatient. Fig. 10 illustrates the
operation of the system 100 during the testingdegklopment phase, wherein
repeated iterations of testing and development Inegyerformed using the system
100. Fig 11 illustrates the operation of the sysi®0, and in particular the toolkit, to
configure the control programming that will be extstl during either the testing and
development phase or the system 100 during noromaiercial use.

[0082] Starting then with Fig. 9, a process of operati@@ @vhich, as mentioned
above, may be reflected in the programming of ffstesn 100) begins at block 602.
At block 602, the system 100 receives a passwaoiatyption key or the like that
permits the system to provide a level of acceggetmit bench trials to occur. In
certain instances, the system 100 may receiveabgwmord, encryption key or the like
at the point of manufacture of the system 100other instances, the system 100 may
receive the password, encryption key or the likerdfaving been used in normal
commercial use without the testing and developraspécts of the system 100 having
been used previously. In still other instances,gassword, encryption key or the like
may be used to change the level of access of amyBD0 that had previously been
used in a different level of access (e.g., animails).

[0083] In fact, it is important to note, as reflectedhie discussion above, that the
receipt by a particular system 100 (i.e., instavfde system 100) of a password or

encryption key for animal trials, for example, does require that the particular

-19 -



system to have first received a password or kegesponding to a level of access for
bench trials. Similarly, a particular instancdltd system 100 may receive a
password permitting access to the functionalitynieman clinical trials or even
human use (within a particular geographic locatiithout having received the
passwords for bench or animal trials. Thus, itasrequired that each instance of the
system 100 necessarily be used for testing andaj@went at each level of access, or
that each instance be used for testing and deveopprior to human use.

[0084] Further, the process 600 illustrated in Fig. ®@resentative of the
programming of an instance of a system 100 withgtieatest degree of flexibility,
permitting it to be used in all manner of trialglan normal commercial human use.
However, it will be recognized that one or mordhs blocks of the process 600 may
be omitted in certain instances of the system wdle that instance of the system
100 remains within the scope of this disclosurer éxample, certain instances of the
system 100 may include the functionality for beaal animal trials (but not human
clinical trials or use), while other instanceslod system 100 may be used for human
trials (but not bench trials and animal trials)ovi€ver, in each of these examples, the
system 100 is still programmed to change betwekerent levels of access to
functionality based on the password, key, etc.ivedeby the system 100.

[0085] Continuing on to block 604, the system 100 may bewsed for bench
testing. In regard to the aspects of testing aneldpment represented by block 604
in process 600, reference is made to the processf/ig. 10. Moreover, initial

block 702 of the process 700 (programming configond is illustrated in greater
detail in the process 800 of Fig. 11, which begwth the determination of the level

of access at block 802. Consequently, the discassintinues with block 802 of the
process 800.

[0086] As noted before, the level of access may be adedorth certain
lockouts. That is, the system 100 may includeateitevels of functionality that may
not be available during all phases of the develogmeocess. By administering the
level of access (associated with the key or pasbwtire manufacturer (or its
development partner responsible for administrabibiine keys or passwords) can
provide a system 100 with considerable functiogdlit terms of programming

and/or hardware) while preventing that functionyaifom being used where

regulatory approval has not yet been obtained.
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[0087] The precise operation of the system 100 at bloékiB@etermining the
level of access will vary according to the naturéhe key, password, etc. associated
with the different levels of access. For examitie,system 100 may have a series of
passwords stored in an internal memory, one or robtiee passwords associated
with a particular level of access. The passwocgixed by the system 100 may then
be compared with one of the internally stored pasd#/to determine whether or not
access should be permitted, and if so, at what.leAdernatively, a public-private
encryption key may be used to determine if acclesald be permitted, and if so, at
what level.

[0088] Once this has been determined, the process 80hgestto block 804,
where the system 100 determines if certain safelguaged to be implemented
according to the level of access permitted. légaards need to be implemented at a
particular level of access, then the process 8@@irages to block 806. If not, then the
process 800 continues to block 808.

[0089] As noted above, these safeguards may be in thedblockouts relative

to the functionality of the system 100 at lowerdisvof access. As an example of this
type of safeguard, the system 100 may permit ointyal (physiological and sensor)
data models to be used with the control programrdimgng bench trials. As another
limitation, the system 100 may only provide acdessertain portions of the toolkit
(e.g., certain libraries of functions, filters, gtaccording to the level of access
permitted.

[0090] However, the safeguards may also come in the fénwvamings or
functional limitations that are implemented at laglevels of access, because human
clinical trials or human use is involved. As amewle of this type of safeguard, a
warning message may be displayed prior to initretbthe pump, or certain ranges of
pump operation, which were permitted during bemighstor animal trials, are
prohibited by blocking control signals that excegoredetermined operational range
for the pump at that level of access.

[0091] Consequently, the safeguards may represent notloalyrevention of
certain actions or the limitation of certain fulctality, but the requirement that
certain actions be taken. Further, the safeguaalsnot only limit functionality at

the lower levels of access, with greater freedomiseahigher levels of access, but the
system 100 may instead impose greater limitationfnctionality on the higher

levels of access as well.
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[0092] It will be recognized that the determination ifesgdiards are required and
the incorporation of the safeguards at blocks 8048, is not limited to the particular
position within the process 800 illustrated in Fig. For example, the safeguards
may be incorporated at a later stage in the pra@@3sas a check against the
programming prepared in response to user seledis@esblocks 808-814).
Alternatively, the determination whether safeguangsto be incorporated and/or
their incorporation into the programming may opetatparallel as a process in the
background while the actions of blocks 808-814 afeein the foreground, rather than
in series with the actions of blocks 808-814. Aar#her alternative, the actions of
blocks 804, 806 may occur as each user selecti@téved by the system 100 at
blocks 810, 814.

[0093] Once the safeguards, if any, have been incorpoedtelibck 806, the
process 800 continues to blocks 808-814. Whilariqular arrangement of the
blocks 808-814 has been selected for illustratimh discussion, it will be recognized
that the sequential order of actions representdaldinks 808-814 is merely for ease
of exposition, not by way of limitation on the dissure herein, as was the case with
the determination and incorporation of safeguasdsiacks 804, 806. The blocks
812, 814 may precede blocks 808, 810 in all ingsnor blocks 808, 812 may occur
in parallel (see, e.qg., Fig. 4), with order of thecks 810, 814 occurring in
accordance with the receipt by the system 100mftsfrom the user.

[0094] At block 808, the system 100 provides the user wite or more

(typically a plurality) of therapy options. As disssed above, with reference to Fig.
4, the options may include a plurality of potentiarapy control algorithms, and may
be displayed graphically to the user on an outputa. The user may express his or
her selection of particular items from the theraptions by toggling a check box or
other input representation using an input deviag (@ mouse, stylus and pad, etc.).
The system 100 will receive the user input at bl®t®, and the process 800 proceeds
to block 812.

[0095] Similar to blocks 808, 810, the actions of block2,8814 involve
providing one of more (again, typically a plura)if sensor options and receiving a
user input relative to the desired options to lwe@iporated into the programming of
the system 100. With reference to Fig. 4, theasigtimay include a plurality of
sensor parameter options as well as a pluraliseasor data filtering options. The

user may again express his or her selection oicpéat items from the therapy
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options by toggling a check box or other input esgntation using an input device
(e.g., a mouse, stylus and pad, etc.). The sys@hwill receive the user input at
block 814, and the process 800 proceeds to blo6k 81

[0096] At block 816, the system 100 determines if the hssrcompleted his or
her selection of the control and sensor optiongalitional options, such as display
options, if provided). The system 100 may detegnifrthe selection process is
complete by determining if a particular input haet received from the user via an
input device. For example, the system 100 mayalysp button within a graphical
user interface on an associated output devicerfegitor), which the user may
manipulate via an input device (e.g., mouse) d0 aend an input to the system 100
that the user has completed his or her selectigiternatively, the button may be in
the form of a physical input (e.g., push buttorttls connected to the system 100,
and which is used to provide an input to the syst@ththat the user has completed
the process. As a still further alternative, thetesm 100 may determine that the user
has completed the process when the system 10@t@ised the user’s input
representative of the selection of the therapy@rg¥nsor options.

[0097] If the system 100 determines that the user hasorapleted the selection
process at block 816, the process 800 returnottk@08. Alternatively, if the
system 100 determines that the user has completent her selections, the process
800 proceeds to block 818.

[0098] At block 818, the system 100 reviews the prograngnaissembled
according to the user inputs received at blocks 812 to determine if the
programming is to be checked prior to returningh®process 700. If the program is
to be checked, then the process proceeds to bRtk @n the other hand, if the
program does not need to be check, the procegsisdtuthe process 700. For
example, where the changes represent scalingialgartoutput display, the program
may not need to be checked prior to returning ¢opttocess 700; alternatively, if a
completely different control algorithm has beerestdd, checking may be required.
[0099] At block 820, the system 100 may check the progrenmgrassembled, for
example, for any errors that will prevent a prooe$om operating according to or
executing the programming during testing. As wité safeguards discussed above,
the position of the determination as to whetherpitoggram is relatively error-free (or
error-prone) does not necessary have to occueiexhct place in which it is located

in the flowchart of Fig. 11. As will be recognizetle action of checking the
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program, for errors for example, may occur in datalith the actions of blocks 808-
814. However, for ease of explanation, blocks &P®, have been placed at the end
of the flowchart of Fig. 11.

[00100] Returning now to Fig. 10, the process 700 may madde block 704,
wherein the system 100 may configure the remaiatitlre system 100 after the
completion of the programming configuration thatwrced at block 702. For
example, the system 100 may upload the programprigygared at block 702 to the
memory of the processor as part of the configunadiothe system 100. In addition,
the system 100 may activate certain sensor inatsrding to the programming
uploaded to the controller, or may search the sanpats to determine if the sensor,
etc. is present. The system 100 may also deterwiie¢her or not it is necessary to
provide power to the sensor from the power supgdpaiated with the system 100.
Other actions may be taken by the system 100 spthint to prepare for
communication between the elements of the systdirat@ording to certain
proprietary or standardized protocols.

[00101] Once the system 100 has been configured at blogkti@@ testing may
begin at block 706. If the system 100 determiniddack 706 that the testing is on-
going, then the process 700 continues to blocks 708 where the system controls
the pump associated therewith according to theraboptions selected and collects
data from the sensor according to the sensor gptielected. If the system 100
determines that the testing is completed, thersysteem 100 proceeds to block 712.
[00102] At block 712, the system 100 determines if the asdy wishes to make a
change or has only made a change to the sensoex&mple, the system 100 may
determine if only a sensor change has been made,riéw program has been
uploaded to the controller, by detecting that #messr has been decoupled and
recoupled to the system 100. Alternatively, therusay manipulate an input device
that provides an input indicative of the user’sisiea to alter only the sensor, and the
system 100 may determine that only the sensorhg tchanged upon receipt of that
input. If only a sensor change has been made,ttieeprocess 700 may return to the
configuration block 704, and a new cycle of testimgy occur at blocks 706, 708,
710.

[00103]  Similarly, at block 714, the system 100 may deteanf the user desires
to make changes or has made changes to the sewsthreaprogramming of the

system 100, or just the programming. As was tise ed block 712, the system 100
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may monitor the programming of the controller almel tonnection of the system 100
to the sensor to determine if the programming both the programming and the
sensor have been changed. Alternatively, themsgrmanipulate an input device
and the system 100 may determine, according teettept of an input from the input
device, that the user has modified the programrnarrtge programming and the
sensor. If so, the process 700 may return to bf@& if not, the process 700 may
return to the process 600.

[00104] Returning then to the process 600, and in parti¢ghiblock 606, the
system 100 may determine if further regulatory apal has been received. The
system 100 may determine that regulatory approasiniot been received if no new
access has been received. Alternatively, the sy&@0 may determine that approval
has been received if a new key or password assdordth a new level of access
associated with further regulatory approval hasibeeeived. The system 100 may
receive the key or password associated with antinahlaccess at block 608.

[00105] The process 600 continues to further testing atko6d. 0, with the process
of the testing at block 610 again being reflectethe process 700 (and, potentially,
the process 800). Where the system 100 was usgtbpsly for the development of
the control programming and sensor for bench t{edst was according to this
embodiment, at blocks 602, 604), the system 100pasyg quickly through certain
actions included within the process 700. For eXanlgased on the results of the
bench testing, the user may not wish to reconfigiueecontrol programming or the
sensor configuration. As such, the system 100 peafprm the actions of blocks 702,
704 of the process 700 relatively quickly, andghecess may proceed almost directly
to block 706.

[00106] However, as mentioned above, different safeguawishme included as
different levels of access are achieved. In suchsa, even though the user may not
have any desired changes required to the progragythia system 100 may be
required to execute parts of process 800 so agtoporate these safeguards into the
programming. As a result, this may lead the syst®tto carry out the actions of
blocks 808-814 because new options may be inclode@dposed because of the
safeguards incorporated by the system at block fader requiring the system to
carry out the actions of blocks 816-820 as well.
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[00107]  Once the testing has been completed at block 62Gystem 100 again
awaits approval at block 612. Upon receipt offthenan clinical trial access (at block
614), the system 100 may determine that the pra@@@3snay proceed to block 616.
[00108] At block 616, the system 100 may determine if theeas received at
block 614 is appropriate for the geographic locatinere the system 100 is located.
That is, certain types of regulatory approval, amtjgular that involving human
clinical trials or human use, are usually grantadsf limited geographic region
(which may or may not correspond to the geogragaen associated with a single
national authority). As such, an instance of aesys100 operating with a particular
control programming and sensor in, for example Uhiged States may not be
approved for human clinical trials even though stesyn 100 with similar
programming and sensor is approved for use in EBur@onsequently, it may be
necessary for certain types of access to be assdaidth correct geographic
placement of the system 100 before the system 10fevmit the functionality with

a particular level of access.

[00109] The determination as to whether the system 10&oded in the proper
geographic location may be performed in a numbelifedrent ways. For example,
the system 100 may simply require receipt of amitifipm the user in response to a
prompt for information regarding the geographicaloan where the testing is to occur
(and hence where the system 100 will be locat&tpe system 100 may then check
the input with information regarding the permitgebgraphic location associated
with the key or password corresponding to the apgdrobtained.

[00110]  Such a determination obviously operates on an “Ha@ystem, which
may be insufficient for certain regulatory authiest Consequently, the system 100
may include or may be equipped with a global positig system (GPS) receiver,
which may utilize a satellite-based navigation egsto provide the positioning
information regarding the associated system 100 sufficient accuracy so as to
permit the system 100 to determine the geograpleation of the system 100. The
system 100 may then check the information obtafread the GPS receiver against
the permitted geographic location associated vhighkey or password corresponding
to the approval obtained. It will be recognizedtttine use of a GPS receiver is
simply one of a number of options that may be usatktermine the location of the

system 100 without involving (or relying on) theeugput.
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[00111] It will also be recognized that, as explained abdive system 100 may
include one or more elements that are not locabtgdipally in the same geographic
location. To this end, the geographic locatioe@tain elements of the system 100
may be more important to the determination of blétk than others. For example,
the tool kit which is part of the system 100 and/rba used in carrying out the
process 800 may be located on a computer 140 lmduysically remote relative to the
pump 114, pump controller 110, sensor 106 andfaxterl04. Further, the location
of the pump 114, pump controller 110, sensor 1@biaterface 104 may be of greater
(or exclusive) relevance to the approval granted tine position of the computer 140
operating according to the tool kit of the pres#iatlosure. Consequently, the system
100 may be programmed to determine the geograpbatibn of parts or elements of
the system 100 relative to the approval grantéterahan determining the
geographic location of the entire system 100. hi® énd, in the embodiment where a
GPS receiver is associated with the system 10@rnmipthe system 100 to determine
the geographic location of the system 100, the &e&ver may be associated (by
attachment or disposal in a common housing) witiséhrelements of the system 100
that are relevant to the determination as to whetieesystem 100 is located in a
proper geographic location.

[00112] Once the system 100 has completed the inquiryaufkob16, the process
may proceed to block 618, which is similar to ble€@i04, 610. After the testing is
completed, the process 600 continues to block wRére the system 100 determines
if approval has been obtained for human use outtfitiee clinical study setting. If
such approval is obtained, the process 600 prodeduisck 622, where the system
100 receives the human use access.

[00113] As noted above, the human use access receivec lsystem 100 at

block 622 will likely be restricted according tgarticular geographic location.
Consequently, the system 100 may carry out a detation, similar to that of block
616, as to whether the system 100 (or the relgwamion of the system 100) is
located in the proper geographic location relatovéhe approval obtained and the
access granted. To this end, the same typesiohaaescribed above relative to
block 616 may also occur at block 622.

[00114] As noted above, while the therapy management dpwedat platform has
been discussed relative to infusion therapy managgrmther forms of therapy

management development may be facilitated throbghuse of a similar platform.
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For example, inhalation therapy management and te@apy management
development may benefit through the use of a sirttikerapy management
development platform as explained in greater de&ldw.

[00115] In regard to inhalation therapy management, a sy&be inhalation
therapy management may include a vaporizer thaingected to a source of an
anesthetic agent. The vaporizer vaporizes thelatesagent, mixing it with a

carrier gas, to create a gas which will be inhélga@ patient as part of an inhalation
therapy, such as may be administered to the patieat intensive care unit, for
example. In particular, the gas may pass thromgénaotracheal tube disposed
through the patient’s mouth; alternatively, the gesy pass through a mask disposed
over the patient’s mouth and nose. The tube oknmag/ be associated with a sensor,
and may also be associated with an adsorbent m&tmsensor is coupled to a
vaporizer controller that may vary the amount of geministered to the patient via
the tube or mask by the vaporizer in accordanclke thig signal received from the
sensor.

[00116] In operation, the patient would inhale gas providgdhe vaporizer
through the tube or mask. Upon exhale, perhape 80 percent of the inhaled gas is
expelled by the patient. The adsorbent media &sgsdcwith the tube or mask may
capture a certain fraction of the anesthetic exhal&@he next time the patient inhales,
the anesthetic captured by the media is inhaletthéypatient. The inhalation therapy
management system may determine the amount ofretiestontained in each exhale
or inhale through the use of the sensor associgtedhe tube or mask. Based on
this determination, the vaporizer controller mag &a'ther gas from the vaporizer.
[00117]  Such an inhalation therapy management system hi@sncsimilarities

with the infusion therapy management systems destiabove. In particular, the
inhalation therapy management system relies oroon®re sensors that determine a
characteristic of the therapy or the patient. &@mple, the system described above
includes a sensor to determine anesthetic conteréntration in the inhale or the
exhale. Potentially, other sensors may be us&elsfor example blood oxygen
sensors, blood pressure sensors, etc. Furtherthereaporizer controller uses a
control algorithm to vary the gas provided to tla¢ignt from the vaporizer in
response to the signals received from these sensors

[00118] As a consequence, the use of a therapy managemeibgdment system

according to any of the embodiments of Figs. 1-y bweuseful in developing an
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inhalation therapy management system as well. eRallan interacting with the
pump controller, the therapy management developmexiule would interface with
the vaporizer controller. While the specifics loé sensors and control algorithms
used may vary, the general framework and methagefof such an inhalation
therapy management development system and methald wperate along lines
similar to those described above relative to thasion therapy management
development system. Consequently, the differeftaeiiments and variations to
those embodiments discussed above would applyastiial force to the design and
use of a development system for inhalation therapgagement.

[00119] As for renal therapy and renal therapy managensentlar comments
could be made regarding the operation of the rérempy management system
relative to the infusion therapy management systestribed above, as well as
usefulness of the therapy management developmstarsyfor use with such renal
therapy management systems.

[00120] For example, one conventional renal therapy is ftkatysis. In
hemodialysis, a blood pump is used to draw bloothfthe patient, pass the blood
through a dialyzer, and then return the blood &oghtient along a first circuit. In a
second, separate circuit, a separate pump is asgcttlate dialysate through the
dialyzer. In the dialyzer, waste products passubh a membrane/filter from the
blood into the dialysate. A controller may be dedpo both pumps and to sensors
disposed in both circuits. The sensors may mofiter rates, and the conductivity,
temperature and pH of the dialysate. The contratiay vary the operation of one or
both of the pumps in accordance with signals rescefivom the sensors.

[00121] As was the case with inhalation therapy, the inolusf a controller that
varies operation of a component (in the case ofdugatysis, the blood pump and the
dialysate pump) in accordance with sensor datalis\®ed to make the above-
mentioned development systems and tools descnibdekicontext of infusion therapy
useful with renal therapies as well. Moreoverggithe similarities between
hemodialysis and aphaeresis, it is also believatttte therapy management
development systems and methods described abovéenageful relating to

aphaeresis therapy management as well.
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CLAIMS
1. A therapy management development platform farilifating development,
modification, or testing of a therapy managemestesy, the platform comprising:

(i) a pump controller with a pump input/output ifiéee coupled to the pump
controller, and

(i) an interface module including an interface mlad controller and a
module-sensor input/output interface, the modutesseinput/output interface having
at least one standardized input port, at leaststenedardized output port and at least
one standardized power connection, and

the interface module controller customizably progmed to receive data from
a sensor coupled to the module-sensor input/outgaetface and from the pump
controller and to provide instructions to the pucoptroller to vary the operation of a
pump coupled thereto according to a level of agcess

wherein, when set to an initial level of access ftatform provides first
functionality, and when set to a second level afeas the platform provides second
functionality,

wherein the first functionality and the seconddtimnality relate to the use
with the platform of sensors or algorithms,

and wherein the variation of the operation of pienp according to the level

of access is non-therapeutic in nature.

2. The platform according to claim 1, further commg a development toolkit
having a graphical user interface to be used ttbougably program the interface

module controller.

3. The platform according to claim 2, further comg a computing device, the

tool kit operating on the computing device.

4, The platform according to claim 2 or claim 3,esin the tool kit comprises a

standardized library of commands.
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5. The platform according to any one of claimse #twherein the pump
controller and the interface module communicatelegsly via radio-frequency or

infra-red transmitters and receivers.

6. The platform according to any one of claims 5,tavherein the interface
module receives an indication of a level of ac@ss®ciated with a geographic
location, and determines if the pump controller #rainterface module are disposed
in the geographic location.

7. The platform according to claim 6, wherein thei¢ation of the level of
access corresponds to a stage in the testing wing@ pssociated with the pump
controller, the stage comprising one of benchdyriahimal trials, human clinical

trials, and human use.

8. A method of providing therapy management devekqt, the method

comprising:

providing a computerized therapy management dpvatmt platform
including at least (i) a pump controller includiadirst processor, and (ii) an interface
module including a second processor and a moduisesénput/output interface and
coupled to the pump controller;

performing one of both of:

(a) coupling a sensor-under-test to the moduts@einput/output

interface; and/or
(b) programming the pump controller with an altfon-under-test;

setting the computerized therapy management dewelot platform to a first
level of access to facilitate a first stage ofitgsbf the sensor-under-test and/or the

algorithm-under-test, the first level of accessvptimg first functionality;

testing one or more aspects of the sensor-undeatel/or the algorithm-

under-test;
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setting the computerized therapy management dewelot platform to a
second level of access, in response to entry elyak password, to facilitate a second
stage of testing of the sensor-under-test andéaldprithm-under-test, the second
level of access providing second functionality; and

performing additional investigation of one or maspects of the sensor-

under-test and/or the algorithm-under-test usiegsétcond functionality.

9. The method according to claim 8, wherein perfagone or both of (a) and
(b) comprises coupling a sensor-under-test to theéute-sensor input/output

interface.

10. The method according to claim 9, further cosipg changing the operation
of a control algorithm.

11. The method according to claim 8, wherein penfog one or both of (a) or (b)

comprises programming the pump controller with lgo@hm-under-test.

12. The method according to claim 11, wherein maogning the pump controller
with the algorithm-under-test comprises programntivgcontroller using a
development toolkit configured to permit a progrenie written by a user through
the manipulation of a GUI in combination with ariby of standardized input

commands, output commands, and procedure commands.

13. The method according to claim 8, wherein #ressr-under-test and/or the
algorithm-under-test are being tested for integrawith a commercial product

already existing at the time that the testing ogcur

14. The method according to claim 8, wherein penfog one or both of (a) and (b)
comprises coupling a sensor-under-test to the neeskethsor input/output interface,

and programming the pump controller with an aldwnitunder-test.
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15. The method according to claim 8, further cosipg setting the

computerized therapy management development phatfora third level of access, in
response to a second indication of approval, toitite a third stage of testing of the
sensor-under-test and/or the algorithm-under-tastthird level of access providing

third functionality different from, but possibly dlusive of, the second functionality.

16. The method according to claim 15, wherein thezosd indication of
approval indicates regulatory approval and whetleethird functionality facilitates

use of the sensor-under-test and/or the algorithdentest in a commercial product.

17. The method according to claim 8, wherein theerface module is
customizably programmed to receive different datanf the sensor-under-test, to
provide different instructions to a pump controliervary the operation of the pump,
or both.

18. The method according to claim 8, wherein thdication of approval is
an encryption key, the interface module programtoechange the level of access in

response to receipt of the encryption key fromnaate computer.

19. The method according to claim 8, wherein:

receiving the indication of approval comprises régog an indication of
approval associated with a geographic locatiortHerpump controller and interface

module; and

setting the computerized therapy management dewvaop platform to the
second level of access comprises determining iptirep controller and the interface
module are disposed in the geographic location, aetling the computerized
therapy management development platform to thensetavel of access only if it is
determined that the pump controller and interfacedue are disposed in the

geographic location.

20. The method according to claim 8, wherein:
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setting the computerized therapy management dewveop platform to the
first level of access comprises setting the comjmdd therapy management
development platform to the first level of accessoading to a determination made
by a first party, separate from a second party thadifies the operation of a medical
device, that the second party hasreceived apprdnaah a governmental or
commercial organization that oversees testing afioa¢ devices prior to marketing

to have access to the first level; and

setting the computerized therapy management devaop platform to the
second level of access in response to receipteoinitiication of approval comprises
setting the computerized therapy management dewelop platform to the second
level according to a determination made by thed faarty that the second party has
received approval from the governmental or commaérarganization to proceed to

the second level of access.
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THERAPY MANAGEMENT DEVELOPMENT PLATFORM

Abstract

A method of providing therapy management developrmetudes providing
a therapy management development platform havpigrality of levels of
functionality, the platform including a medical dex capable of providing therapy
management, setting the platform to a first le¥elaress to the functionality relative
to the medical device, and modifying the operatibthe medical device using the
platform. The method also includes receiving ahdation of approval to change the
level of access to the functionality of the platfioto a second level of access, and
setting the platform to the second level of actedke functionality of the platform in

response to receipt of the indication of approvidie platform is also provided.

Fig. 9
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