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attention. The medical pumps further facilitate administration of intravenous therapy to

patients outside of a clinical setting. In addition, doctors have found that in many instances
patients can return to substantially normal lives, provided that they can receive periodic or
continuous intravenous administration of medication. Among the types of therapies
requiring this kind of administration are antibiotic therapy, chemotherapy, pain control
therapy, nutritional therapy, and several other types known by those skilled in the art. In
many cases, patients may receive multiple daily therapies. Certain medical conditions
require infusions of drugs in solution over relatively short periods such as from 30 minutes
to two hours. These factors have combined to promote the development of increasingly
lightweight, portable or ambulatory infusion pumps that can be worn by a patient and are
capable of administering a continuous supply of medication at a desired rate, or several
doses of medication at scheduled intervals.

The different types of infusion pumps in the prior art include elastomeric pumps
which squeeze the solution from flexible containers, such as balloons, into IV tubing for
delivery to the patient. Elastomeric pumps require no electric power, have no programming

capabilities, and have relatively poor accuracy compared to electromechanical pumps.



Spring-| oaded punps have al so been provided to pressurize the solution
containers or reservoirs. Certain punp designs utilize cartridges
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03/ 0594p%?16r|1:;sc|;:/aghsg§s/f§usl§c? t50 address the need for a more suitable power source. Naturally, a
portable pump must be supplied with an equally portable power source as a means for
powering the pump motor. In prior art pumps, large cell batteries or battery packs within the
pumps have typically been used to provided the necessary power. Some problems may exist
with the use of larger and heavier battery sizes (9 volt, “D”, and “C” sizes, for example), but
an embodiment of the present invention could be conceived to incorporate such design
parameters.

One specific example of prior art recognizing these problems is illustrated by the
International Application PCT/US84/00526, published on February 14, 1985 under
Publication No. WO 85/00523. This reference teaches the attachment of a battery to a
flexible, collapsible solution container which is used to operate the pump. This innovative
solution, however, is limited to use with the specific pump type allowing insertion of the

solution container. The present invention has broader applications.
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The present invention provides a portable, preferably disposable power source
for use with a durable, portable pump which solves these and other problems either ignored

by prior art designs or unappreciated by those skilled in the art.

Summary of the Invention
The present invention provides a medical infusion system used for delivering

fluid, such as a liquid medicinal substance, to a patient from a source such as an IV bag
through operation of an electromechanical component. The lineset includes tubing having
first and second ends attachable to at least a first and second medical component, and a
power supply attached to other than the electric component (e.g., the tubing) and configured
to be activated to provide electric power to the electric component by use of an activating

member.
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the reaction chamber within the fuel cell the reaction is allowed to take place.

The barrier may be defeated or overcome by any number of methods, including
removing a tear seal or breaking a frangible membrane, or any combination of the two. The
method preferably includes the step of operably connecting the fuel cell to a fluid pump by
placing the fuel cell into a compartment of the fluid pump.

The present invention also includes a method for delivering fluid through a
lineset which includes providing tubing having a first end in fluid communication with a
fluid source and a second end in fluid communication with a delivery device, providing a
power supply operably connected to a fluid pump, activating the power supply to provide
power to the fluid pump, and pumping fluid through the tubing from the fluid source toward
the second end of the tubing.

These and other advantages are provided by the invention of the present

application as described in the following specification and appended drawings.



Brief Description of the Drawi ngs To understand the present invention, it
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Detailed Description

While the present invention is susceptible of embodiment in many different
forms, there is shown in the drawings and will herein be described in detail preferred
embodiments of the invention with the understanding that the present disclosure is to be
considered as an exemplification of the principles of the invention and is not intended to
limit the broad aspect of the invention to the embodiments illustrated. |

Referring genérally to the appended FIGURES 1-6, the apparatus and method
for delivering fluid from a fluid source to a patient using the present invention can be more
readily understood. The disclosed infusion system is generally referenced by the number
“10” in the following disclosure and drawings. Other components are similarly and
consistently numbered throughout the specification and drawings. While the present
invention is particularly designed for use with a portable infusion pump, other such fluid
pumps and electric medical devices may be capable of adaptation for implementation of the
system as well. Such pumps requiring modification may include, for example, the

COLLEAGUE® Volumetric Infusion Pump, the FLO-GARD® Volumetric Infusion Pump,



6 the AUTO SYRINGE(r) Infusion Punp, or the maxx(r) Infusion System and
their progeny, designed and nanufactured by Baxter International, Inc. of
Deerfi el awollosgaad s. As shown in FIGURE 1, the present sy®CEFmsSY3§985
generally conprised of a section of tubing 12 having a first end 16 and a
second end 17, and, in one enbodinment, an attached power supply 14 between
the two ends. The first end 16 of the tubing 12 is shown configured for
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supply 14 may c@hetubing 12 has a first end 16 which, in a preferred embodiment, has a
connector 24, such as a spike connector, for attachment of the tubing 12 to a fluid source (a
first component) such as, for example, an IV bag 18. A second end 17 of the preferred
tubing 12 can be equipped with a connector 24 for attachment to, for example, a cannula,
catheter, syringe, IV line, or any of several other known medical instruments or devices (a
second component).
While the system 10 of FIGURE 1 shows a single line system, it is within the
scope of the present invention to encompass multiple fluid lines. Such a configuration may
be necessary where, for example, more than one medical substance is to be injected into a
patient.
The system 10, as shown in FIGURE 1, is also comprised of a uniquely
configured power supply 14. The power supply 14 may be attached directly to the tubing
surface via connector 34 (dashed power supply 14) or indirectly to the tubing surface, or it
may be attached to another component of the system 10. The power supply 14 may come in

a variety of forms, including various battery sizes (e.g., D, C, AA, AAA, or 9 volt sizes), but



a variety of fornms, including various battery sizes (e.g., D, C  AA AAA
or 9 volt sizes), but WD 03/059419 PCT/ US02/38905 7 is preferably a fuel
cell, or wbtossatdvely a flexible thin layer open el ectro®oanisoadssesl |, the
| atter of which is discussed in U S. Patent No. 5,897,522 and hereby
incorporated by reference. As a further alternative, the power supply 14
may be a neans for inputting AC power to the punp conponent. This may
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utilizi Agreadity apdeggpod by thesg skdlleddiathe 5% i s provi ded as an i ntegral

conponent to an i PN @I[ﬁ% it hda deS, MEANt
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at t achminnbaydfe affiredoavieteged tr the durable pump 30. The recharging fuel cell 38 could be
connected to the power supply 14 via electrical connector 39 either continuously,
periodically, or as needed (i.e., when the energy of the power supply 14 reaches a minimum
threshold level). Activation of the recharging fuel cell 38 may be by conventional methods
known to those skilled in the art, or in the manner described below.
In one embodiment utilizing a fuel cell, the fuel cell 32 is provided as an integral
component to an outer surface of the tubing 14. By “integral” it is meant that the fuel cell 32
is permanently attached to the tubing surface by any suitable means. While the present
drawings and description refer to a polymer electrolyte membrane fuel cell (PEM-FC), other
types of fuel cells may be suitable, preferably low-temperature fuel cells. However, such
other types including phosphoric acid, solid oxide, alkaline, direct methanol, and
regenerative type fuel cells may be acceptable. Permanent attachment of the power source
to the tubing provides certainty regarding power availability and life. That is, by making the
power supply 14 part of the disposable component of the infusion system 10 a healthcare



to the tubing provides certainty regardi ng power availability and life.

That is, by making the power supply 14 part of the di sposabl e conponent of
t he i nfuuswor3system 10 a heal thcare WO 03/ 059419 PCT/ USO2/P839(362/38805
practitioner would not need to track tghe usage of the durable punp
batteries, stock batteries of various sizes, or change batteries during an
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t he tubi d.t t
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and the component 22. It is possible additional contact may be necessary between the pump

ET

30 and the tubing 12 to effect fluid flow. Those skilled in the art would understand the
manner in which such connection may be made.

Alternatively, the power supply 14 may connect to the tubing 12—or any
component other than the pump 30—via a connector 34, as shown in FIGURE 4. In such a
case, the tubing 12 may need to be placed within the pump 30 itself to permit pumping of
fluid.

Referring again to FIGURE 1, with respect to the use of a fuel cell, the pump
power supply compartment 36 may comprise (as a component of the fluid pump 30) an
activating mechanism or member 40 which activates the fuel cell 32 to begin production of
electric power. The activating member 40 —shown as a component of the power supply 14,
but the reversal of the male and female components are contemplated—is preferably
comprised of at least one electric contact linked to the pump motor (not shown) and capable
of operably connecting to the fuel cell 32. Electric leads 28 are but one of a myriad of

electric contact designs which may be suitable to provide activation of the fuel cell (or



but the reversal of the nmale and femal e conponents are contenpl ated-is
preferably conprised of at | east one electric contact |inked to the punp
not or (nowOoIhosMI)9 and capabl e of operably connecting to trog/fsazbsseel | 32.
El ectric |l eads 28 are but one of a nyrgad of electric contact designs

whi ch may be suitable to provide activation of the fuel cell (or WO

03/ 059419 PCT/ US02/ 38905 9 power supply, generally) when |inked together
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One possible barrier design is a tear seal (not shown), as known by those skilled
in the relevant art. The tear seal can be designed for removal—also referred to as defeating
the barrier—by hand either before insertion of the fuel cell 32 into the fluid pump 30, or
after the fuel cell 32 has been set into position. After removal of the tear seal barrier and
insertion into the fluid pump 30, the contacts 48 engage the activating member 40 of the
fluid pump 30.

Similarly, a frangible membrane may provide the necessary barrier 54. The
membrane can also be designed for defeat before or after insertion into the power supply
compartment 36. The activating member 40 may provide the barrier defeating device as
well as the operable connection for the fuel cell 32 to the pump 30 through the contacts 48.
The draw of electricity from the contacts 48 of the fuel cell 32 is typically used to drive the

flow of reactants to the reaction chamber 46. That is, the fuel cell 32 operates on a demand

basis.



conpartment 36. The activating nmenber 40 may provide the barrier defeating
device as well as the operable connection for the fuel cell 32 to the punp
30 t hr ougwotohe®sment acts 48. The draw of electricity frompPChaiSonsgoexts 48
of the fuel cell 32 is typically usedigo drive the flow of reactants to

t he reaction chanber 46. That is, the fuel cell 32 operates on a demand
basis. WD 03/059419 PCT/ US02/ 38905 10 Wth respect to the fluid punp 30,
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35" ot Py AL pigry ey S oY TR ek ARl BbFobelBrbkS S
a conpayit pRRkieSBsedlto bRemHPowaR; fofbxdniile, peabblt iffisioh pempaelices2 shoul d

begin to provide electrical power to the fluid punp 30. The step of
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previously discussed, the barrier defeatin stggp can be acconplished to
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the tufhidguieh J0.0m a fluid source such as IV bag 18 toward the second end
17 of the tubi n% 12, as illustrated in FIGURE 3, Wile Lahe Speci fhic
enbodi nent s hav&he#emof aqtiyatinpgihe dued gell iclides proyiding aavitable reactant to the

fuel cell reaction chamber 46 to cause a chemical reaction. In a later step, it is necessary to
defeat the barrier 54 separating the reactant mixture from the reaction chamber 46 within the
fuel cell 32. As previously discussed, the barrier defeating step can be accomplished to
activate the fuel cell 32 in many numerous ways, including removing a tear seal, breaking a
frangible membrane, or any combination of the two.

Finally, as power is provided to the pump 30 fluid can be pumped through the
tubing 12 from a fluid source such as IV bag 18 toward the second end 17 of the tubing 12,
as illustrated in FIGURE 3.

'While the specific embodiments have been illustrated and described, numerous
modifications can be made to the present invention, as described, by those of ordinary skill
in the art without significantly departing from the spirit of the invention. The breadth of
protection afforded this invention should be considered to be limited only by the scope of

the accompanying claims.



nodi fications can be made to the present invention, as described, by those
of ordinary skill in the art wthout significantly departing fromthe
spirit ofwble/ossaventi on. The breadth of protection afforaed/ishz/ssohventi on
shoul d be considered to be |imted onliy by the scope of the acconpanying
claims. WD 03/059419 PCT/ US02/38905 11 CLAIMS W claim 1. A nedical

i nfusion system conprising a lineset having a first end capabl e of
attachment to a reservoir and a segppgy@nd capabl e of attachnent to

anot her conponent, a durable punp conponent for engaging the |ineset and
controlling a fluid flow through the lineset, and a power supply affixed to
ot her tgjan t.ne durabl e punp component and capable of operative connection
with t h&efildiab e punp conponent. 2. The nedical infusion systemof Caima1l,
wher ei ny t h@ RENe FUHBH ¥ystén 8bhpX&Hg b AintRehavindBBRk endeaphbR dFafthdlent

i nfusion systemof Claim2, wherein the |ineset and power supply are
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an auxiliary conponen attached t.o the |ineset sele d fromthe group
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sensors, and any conbi nation of such conponents. 5. The nedical infusion
syst em of Gpableof opevhiye¢anne¢twnpuidiethesiupblepumsp edhponsdt.t o the auxiliary

conponent. ~p. The medi cal infusion system.of, Claim1l, .wierein t power
supply Zorbht mEdea R sy el SR Ine sl Btond AR Bl 1,
wher ei n t hgngaepver supply conprises nmeans suitable for input of AC power.
8. The nedi cal infusion systemof Caiml1, wherein the power supply

conpri sés Ahpmedisphinfuspn systemd §ileiz 2. viteuein die linpsetand ppwer supplysare wher ei n
the batter%ﬁs‘ggsggfei ses a flexible thin |ayer open el ectrochem cal cell. 10.
The nedi ca nfusi on systemof Claim1l, wherein the power supply is

conf i gust.edThemegicalaafusioatsgsteinf [W1gvi teufth@@bipéising W aukiiafcoagionwt | Ng

menber. 11. The nedical infusion systemof C aim 10, wherein the activating
menber is gtached to the lineset selected from the group consisting of a valve, a flow sensor, a

pump, a pressure sensor, a feedback control input, a biological status sensor, other
closed-loop type sensors, and any combination of such components.

5. The medical infusion system of Claim 4, wherein the power supply is affixed to the
auxiliary component.

6. The medical infusion system of Claim 1, wherein the power supply comprises a fuel
cell.

7. The medical infusion system of Claim 1, wherein the power supply comprises means
suitable for input of AC power.

8. The medical infusion system of Claim 1, wherein the power supply comprises a battery.

9. The medical infusion system of Claim 8, wherein the battery comprises a flexible thin
layer open electrochemical cell.

10. The medical infusion system of Claim 1, wherein the power supply is configured to be
activated to provide electric power by an activating member.

11. The medical infusion system of Claim 10, wherein the activating member is a
component of the durable pump which operably connects to the power supply.

12. The medical infusion system of Claim 6, wherein the fuel cell comprises a reactant
source and a barrier separating the reactant source from a reaction chamber.

13. The medical infusion system of Claim 12, wherein the barrier is selected from the group

consisting of a frangible membrane, a tear seal, and any combination of the two.



conponent of the durable punp which operably connects to the power supply.
12. The nedical infusion systemof Caim®6, wherein the fuel cell conprises
a reactamwo sosme®e and a barrier separating the reactant orruse2/ssvom a
reacti on chanmber. 13. The nmedi cal infdgion systemof Caim12, wherein the
barrier is selected fromthe group consisting of a frangible nenbrane, a
tear seal, and any conbi nation of the two. WO 03/059419 PCT/ US02/ 38905 12
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tenmperature fuel cell. The medi cal infusion systemo aim1l, wherein

the power @lpply is integral to a surface of the lineset. 16. The nedi cal

i nfusi op. system.of, .Caim1l, wherei.n ih ower supply i.s.copfigured to fit
within ?f?ieF}(IgeulFlg%lIC%l B %néx%lgﬁgﬁﬁ@n&f?_wﬁﬁ@ﬁ%ﬁ% 03%? S%?‘Hlﬁéﬁ%%g@g? 8mof Caim
1, furtherszpEPof Sehgestl echarger for recharging the power supply. 18. The
medi cal infusion systemof Claim17, wherein the recharger conprises a fuel
cel . 1o The medicelinfusionsysemed Gleins]. wherein Bienpvweaviprly 15 qosfigured te Bt ond

ends attac I t first and second nedical conponent; a power
supply attggﬁféﬁh%gu@wgpt%u |Cr?g;p°3% “an activating nmenber for placing the

power sUppThe meliealdpfiksidhisySe@@TTREH DTuMhdrRomprisink @GbdHagses GoMBERAting 20. The
nmedi cal lineset of Qaim19, wherein the activating nenber is a connector
of the el BePPWer &PpPonent. 21. The nedical |ineset of O aim 19, wherein

t he po Ly: [ f ce ; ' I of ,Cl ai m
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separ at 1hgAtthalic tiat@ntompiving from a reaction chanber. 23. The nedi cal

| i neset of Claim22, wherein the barrier is selected fromthe group
consi st i ngttBmehaying{sisngd speandrendeattaghable fo afdeast a ey anghjecopdriieaiel on of the
two. 24, . The pedical lineset of Caim2l, wherein the fuel cell is a low
tenperature fuél cell. 25. The nedical lineset of Claim 19, wherein the
power suppapower supplggitathetido thexubihgrandof the tubing. 26. The nedi cal
| i neset of Caim. 25, wherein the power supply conprises a |ow
an activating member for placing the power supply into operative connection with an
electric component.
20. The medical lineset of Claim 19, wherein the activating member is a connector of the
electric component.
21. The medical lineset of Claim 19, wherein the power supply comprises a fuel cell.
22. The medical lineset of Claim 21, wherein the fuel cell comprises a reactant source and a
barrier separating the reactant source from a reaction chamber.
23. The medical lineset of Claim 22, wherein the barrier is selected from the group
consisting of a frangible membrane, a tear seal, and any combination of the two.
24. The medical lineset of Claim 21, wherein the fuel cell is a low temperature fuel cell.
25. The medical lineset of Claim 19, wherein the power supply is integral to a surface of the
tubing.
26. The medical lineset of Claim 25, wherein the power supply comprises a low
temperature fuel cell.
27. The medical lineset of Claim 20, wherein the fuel cell is configured to fit within the
electric component.

28. The medical lineset of Claim 22, wherein the barrier is configured to be defeated by a

mechanism of the electric component.



tenperature fuel cell. 27. The nedical |ineset of Caim20, wherein the
fuel cell is configured to fit within the electric conponent. 28. The
medi cal Iwpaesesddod Cl ai m 22, wherein the barrier is confi gardoz/ssohe
defeated by a nechani smof the el ectiBc conponent. WD 03/059419

PCT/ US02/ 38905 13 29. The nedical |ineset of Claim27, wherein the fuel
cell conprises a reactant source and a barrier separating the reactant
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33. The nethod of Claim 32, wherein the step of defeating a barrier
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34. The method of Claim 32, wherein the step of defeating a barrier comprises the step of
breaking a frangible membrane.
35. The method of Claim 32, wherein the barrier is selected from the group consisting of a
frangible membrane, a tear seal, and any combination of the two.
36. The method of Claim 30, wherein the step of operably connecting the power supply
comprises inserting the power supply into the fluid pump.
37. The method of Claim 31, wherein the fuel cell is a low temperature fuel cell.
38. The method of Claim 30, wherein the tubing is a medical tubing and the power supply is
integral to an outer surface of the medical tubing.
39. A method for delivering fluid through a lineset comprising the steps of:
providing an infusion system comprising a fluid pump and tubing having a first end in
fluid communication with a fluid source and a second end in fluid communication with a
delivery device;
providing a power supply affixed to a component of the infusion system other than the
fluid pump;
operably connecting the power supply to the fluid pump;

activating the power supply to provide power to the fluid pump; and
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comuni cation with a delivery device; providing a power supply affixed to
a conmponewD oafsuhe i nfusi on systemother than the fluid paruSonpssnabl y
connecting the power supply to the fluidd punp; activating the power supply
to provide power to the fluid punp; and WO 03/059419 PCT/ US02/ 38905 14
punpi ng fluid through the tubing fromthe fluid source toward the second
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medi cal i nfusion systemconprising a’lineset having a nmeans for attaching a
first edd Tho nethabarCleint 3% nwhersaris fover atpEy ks atigcleedse dloniabmgd t o anot her
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the durable punp, to the durable punp. 48. The nedi cal infusion system of
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49. The nedical. infusio t f . 0aim48, wherein the |ineset and neans
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47. A medical infusion system comprising a lineset having a means for attaching a first end

to a reservoir and means for attaching a second end to another component, a means for
engaging a durable pump to the lineset and means for controlling a fluid flow through
the lineset, and a means for operatively connecting a means for supplying power,
affixed to other than the durable pump, to the durable pump.

48. The medical infusion system of Claim 47, wherein the means for supplying power is
affixed to the lineset.

49. The medical infusion system of Claim 48, wherein the lineset and means for supplying
power are disposable.

50. The medical infusion system of Claim 47, further comprising an auxiliary component
attached to the lineset selected from the group consisting of a valve, a flow sensor, a
pump, a pressure sensor, a feedback control input, a biological §tatus sensor, other
closed-loop type sensors, and any combination of such components.

51. The medical infusion system of Claim 50, wherein the means for supplying power is
affixed to the auxiliary component.

52. The medical infusion system of Claim 1, wherein the means for supplying power

comprises a fuel cell.
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conbi nati on of such conponents. 51. Thé nedical infusion systemof Caim
50, wherein the neans for supplying power is affixed to the auxiliary
conmponent. 52. The nedi cal infusion systemof Claima1, wherein the neans
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and neans fEinghaviema fipt ead @ serndiendeanditacaps for attaching eaghend de ailgasiadi cal
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el ectric comaonfortsupsing powenztichal tolthawebdaig; add Cl ai m 53, wherein the neans
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cell.
56. The medical lineset of Claim 55, wherein the fuel cell comprises a reactant source and a
means for separating the reactant source from a reaction chamber.
57. The medical lineset of Claim 56, wherein the means for separating is a barrier selected
from the group consisting of a frangible membrane, a tear seal, and any combination of

the two.

58. The medical lineset of Claim 55, wherein the fuel cell is a low temperature fuel cell.



