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Field The present invention generally relates to a nedical fluid flow
control swetmsmwssugh as an infusion system and nore partipculEsokysswp a
nmet hod and apparatus for control of sach systens using a 10

m cr o- el ectronmechani cal el enment. Background of the Invention Generally,
nmedi cal patients require precise delivery of either continuous nedication
or nedication at set periodic intervals. Medical fluid flow control
systens that include nedical 15 punps have been devel oped to provide
controll ed drug infusion. Usin drug can be adm nistered at a
preci se rate that keeps the drﬂ%ﬁﬁ%“QEERF%iﬁgn within the therapeutic
margin and out of a possible toxic range with certain drugs. These high

priced nedical punps provide appropriat rug delivery to the patient at a
control | abl e rate that does not guent nmedical attention. 20

These punps are often part of an infusion systemthat is typically used to
deliver nmedication to a patient. In the case of chronic pain, an infusion
syst emJieghnigsbBielghen oral or topical nedications fail to provide effective
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al so be use iver cation to a specific sité or organ is nore
ef f ect iinfasion sysams asl mm@artlumrb'rw e ntetiol endsipperatf fas cerdrol pizichowbtiema p§ivgR t he
nedlcatlon aIIy to the entire body. The use of an infusion
sysfenfﬁ?ﬁo X%%@% P> target sites within the body for nore
effective delivery of a nedlcatlon The i nfusion system can deliver

medi cation to a patient at a controlled rate as prescribed by a physician.
A nmedi rol systemcan be an infusion systemwherein a

nmedi cation iGene@BY, Mediel phfends Rhiteeprecisdteliedr Giithypeonsiysdue mathation or a
fluid is taken froma gatlent and 30 delivered to a seﬁpratﬁ@gonaﬁlper
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ot her onents suchas valves and sensors. The conponents of the system
must r ebmdmlmstelfemaea precise rate that keeps the drug concentration within the therapeutic margin
and out of a possible toxic range with certain drugs. These high priced medical pumps provide
appropriate drug delivery to the patient at a controllable rate that does not require frequent
medical attention.

20 These pumps are often part of an infusion system that is typically used to deliver
medication to a patient. In the case of chronic pain, an infusion system is used when oral or
topical medications fail to provide effective pain relief or cause uncomfortable side effects. An
infusion system may also be used when delivering medication to a specific site or organ is more
effective or causes fewer uncomfortable side effects than delivering the medication

25  systematically to the entire body. The use of an infusion system allows a physician to target
sites within the body for more effective delivery of a medication. The infusion systefn can
deliver medication to a patient at a controlled rate as prescribed by a physician.

A medical fluid flow control system can be an infusion system wherein a medication is
delivered to a patient, or a draw-type system wherein a fluid is taken from a patient and

30  delivered to a separate container. The system typically includes several different components
including tubing, a pump, a reservoir and access port. The system could also have other
components such as valves and sensors. The components of the system must remain sterile.

Some components such as the tubing, container and access port are typically disposable. Other



Some conponents such as the tubing, container and access port are typically
di sposabl e. O her WO 03/059418 PCT/ US02/ 38902 2 conponents may be durabl e
or reusabWwe oslosgsesit s such as the punp, valves and any req®CTacho2/a889ezt r oni c
controllers or power supplies. These eonmponents are typically bigger,
expensive pieces of equipment. These conponents nust also be steril | zed
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tube. In one ‘preferred enbodinent, the elenent is a %2 punp. The system
can lpe diaByrnents eonegids: i npl enented with a reusable controller and power

source. Q he"i“?tfgrgéetn't B0&liof s ?M&eﬁi th Rale RYe 8 otﬂep%bﬁgﬁg in the systemare

fl ow val ves W sensors, and pressure sensors. ordi ng to anot her
aspect of the present i nvent | on, a wireless controller is provided to

control §t he I\/E%@ ei Eﬁ”t The controller may control the elenment froma
renot e dvant ages and features of the present invention

wi Il be appaTkdredentinventien i genkaily digectedess miedlital ﬁnld(af)ntdeEys&elﬁbOdl ment s
illustrated in t an drawi n 25 Brie Scr Dr.awi ngs
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connected to a line-set; FIG2 is a _schematic diagram of anot her_ enbodi nent

of the REfed embodingent |th§lvekeg1ﬁ{1tr 5| @ MEMS pump. The system can be disposable and

implemented with a reusable controller and power source. Other additional elements that may be
included in the system are flow valves, flow sensors, and pressure sensors.
20 According to another aspect of the present invention, a wireless controller is provided to
control the MEMS element. The controller may control the element from a remote location.
Other advantages and features of the present invention will be apparent from the following

description of the embodiments illustrated in the accompanying drawings.

25 Brief Descrintion of Drawi

FIG.1 is a schematic diagram of an embodiment of a medical fluid flow control system
where a micro-electromechanical system (MEMS) element is connected to a line-set;
FIG.2 is a schematic diagram of another embodiment of the medical fluid flow control
system where a MEMS element and other components including a controller are connected to a line-
30  setin another configuration;
FIG.3 is a schematic diagram of another embodiment of the medical fluid flow control

system where a power source is connected to the line-set and is operably connected to a MEMS



system where a MEMS el enent and ot her conponents including a controller are
connected to a line- 30 set in another configuration; FIG 3 is a schematic
di agram ovoammsdies enbodi nent of the nmedical fluid fl ow cearrias2/3®yst em
where a power source is connected to Bhe line-set and is operably connected
to a Nﬁ%@l WO 03/ 059418 PCT/ US02/38902 3 punp; FIG 4 is a schematic di agram
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invention and is  not intended to [imt the broad aspect of the invention
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The nedical_fluid flow contr ste 10, in qn referred enbodi nent, may
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includes a section of tubing 12 and a m cro-el ectronechani cal system ( VEMS)
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the bag,gfeal fluid flow control system 10, in one preferred embodiment, may be in the form of a line-set.
The line-set is preferably designed for single use only, disposable after use by patients. The
system 10 generally includes a section of tubing 12 and a micro-electromechanical system (MEMS)

20  element 14.

The tubing 12 has a first end 16 and a second end 18. The first end 16 of the tubing 12 is
adapted to be connected to a fluid source (a first component) such as an IV bag 20 or other type of
reservoir or container. The first end 16 may have a separate connector 22 to connect to the bag 20.
The second end 18 of the tubing 12 is adapted to be in communication with, for example, a patient.

25 To that end, the second end 18 may be equipped with an access device 24. The access device 24
can be in the form of a connector for attachment to, for example, a cannula, catheter, syringe, IV
line, or any of several other known medical instruments or devices (a second component). The
tubing 12 has a generally cylindrical wall 26 defining an interior passageway therethrough 28.

The tubing 12 can be of any suitable medical grade tubing used for procedures requiring

30  atransfer of fluid from at least one source site to at least one recipient site. Exemplary tubing is
described in U.S. Patent Application No. 08/642,278, entitled “Method of Using Medical
Tubings in Fluid Administration Sets,” and U.S. Patent No. 6,129,876, entitled “Heat Setting of



The second end 18 of the tubing 12 is adapted to be in comrunication wth,
for exanple, a patient. 25 To that end, the second end 18 may be equi pped
with an awoasssHeyi ce 24. The access device 24 can be inprcrashnsswnf a
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NECHe S aAlViice Trplaey %gbs(e)f)jalrﬂ‘s r}'goms m%V\ﬁ)IE&\& llement lﬂasl‘hte hp%sition of the fluid source 20
indicates that gravity may affect the flow within the line-set.
In one preferred embodiment of the system 10, the MEMS element 14 is a MEMS pump
14. As discussed, the MEMS pump 14 in FIG. 1 has an integral power supply. The MEMS
pump 14 is capable of pumping fluid contained in the IV bag 20 through the tube 12, out through
25  the access device 24, and into a patient. Once the medication delivery is complete, the system
10 (the tube 12 and MEMS pump 14) can be discarded. It is understood that the IV bag 20 and
access device 24 could be considered as parts of the system 10 and can be disposable.
The medical fluid flow control system 10 is capable of many configurations. Additional
elements, including MEMS elements 14, can be added to the system 10. FIG. 2 shows the
30 system 10 with additional elements. Similar elements will be referred to with like reference

numerals.



source of power and controller as part of the MEMS el enent 14. As descri bed
bel ow, the power 20 source nmay be separate fromthe MEMS el enent 14. The
posi ti on wh oBloso4fig ui d source 20 indicates that gravity megrafshessoor he fl ow
within the line-set. In one preferredSenbodi ment of the system 10, the MEMS
element 14 is a MEMS punp 14. As discussed, the MEMS punp 14 in FIG 1 has
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el ekent OCaHﬁWéYef%ﬂlﬁﬁ%@h@?lCSa)f@mMEN@dmwé&n other forms known in the art.
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forced system. The flow sensor 30 and valve 34 can assist in controlling the rate of flow and the

20 direction of flow in micro-fluidic circuits and devices in conjunction with the MEMS pump 32.
If desired, the system may also include a slide clamp or other more traditional auxiliary features.
A slide clamp may be particularly useful to manually occlude flow in the case of an alarm
indicating pump malfunction in a case where the MEMS componentry is normally open. These
MEMS elements could be fabricated as one monolithic unit to be added to the system 10 or as
25  separate elements.

The delivery process may implement a normally closed valve 34 or pump 32 designed to
open and allow fluid flow only upon sufficient power and appropriate communication transfer to
the local electronics element 36 from the controller 38, thereby providing a no-flow condition
without the use of cumbersome mechanical devices. This normally closed feature may be

30  integrated directly within other MEMS componentry such as the pump 32 or as a separate
MEMS element.

Preferably, the pump element 32 generates the fluid flow through a tube 12 based on



15 locally govern the mechanics of the MEMS punp 32. The flow sensor 30 can
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Referring now to FIG. 3, there a diagram of yet another embodiment of the present

20 invention. A power source 50 such as a small battery, fuel cell, or other power supply is added
to the system 10 to further decrease the amount of functionality within the durable controller
element 38. The power source 50 is preferably connected to the tubing 12 and operably
connected to a MEMS pump element 52 similar to the MEMS pump element 32. The poWer
source 50 is designed to last for the life of the MEMS portion of the system. In one embodiment

25  utilizing a fuel cell, the fuel cell 50 is provided as an integral component to an outer surface of
the tubing 12. By integral it is meant that the fuel cell 50 is permanently attached to the tubing
surface 26 by any suitable means. The power source 50 will also have any necessary activating
structure to commence the supply of power. The fuel cell 50 may be any of a myriad of fuel cell
designs available and suitable for such use with a line-set such as disclosed in commonly-owned

30 U.S. Patent Application Number __ , Attorney docket number 99-6624 (1417 G P 446)
entitled “Medical Infusion System with Integrated Power Supply and Pump Therefore,” filed

concurrently herewith and expressly incorporated by reference herein. While the power supply



10 punp elenment 32 in a variety of different ways. It can supply
intermttent power or power such that the punp elenment 32 will run in a
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to t he ﬁggkg?ﬁ%}&?bég Jrgb;f %E;Qo%iﬁhe %u:%pofgg}tggs %csﬁe al ves 34 and sensors

thro |rs Into the reservoir 20. The
rredl cal fl uiThefusowf ddBMiSobr sthat enerillg dcondntica fdbmlmomé&xgiqn@t pz@ﬂdes gan be

preferabl re a use of .the o troll 38 t i S.
el ectr |(@°¢'R tgoh’n g&azbl Epfs SIS PP @F@g?ap%n 1BE Seé"l rﬂm‘ég %‘f%‘?‘}ai ng now
to H GfuBctlohJﬂ&j’f guéh ds pYMpMgDivalyis, amDEhsingenbadé enll of tHehﬁlppéxﬁﬁgnécal 20

|nvent|% ? v‘\ﬁr sou ce 50 such as a small battery, fuel cell, or other
power sTUFFeYcs couldihe ie Ufisd e dispesphierpartion of ¢ lipe-prires glr dis éxamée drment  of

functi gc%‘géx’efebébw fohinBluld'§ lH@P |cﬁlpct‘H£'tt doRlaii rcah@ﬂaﬁ@f? Mfoﬁ?dﬂo;[ he: P g g ds§° urce

50 is erabl'y connected to the tubing 12 and operab conn fo a
NEMVB puripsseeeweter apd/osifiom sansero3q, ivalveEMS op Lavporebisationt 0f3QlSp$hlée w&rm@ms sour ce
50 is t; g/lg%ﬁ i of t he In
one eangﬁé)%egﬁgty gd%?? l{)llc tzalg){gé&g&;‘eh Iﬂ{e%e&{ Totr Q&hl IIPER{OB ()I(E\[i']lgoéc rﬁ?ni%//?sft&ed as an
i nt &gr adystcml’vpmvembadlcsulaﬁaqwt mphsajrohace of the tubing 12. By integral it is

meant t hat menen tl 0 the tubin surface

26 by any stl?l B’iagfe C%ntmﬂer 3% & 8 @c?d?%‘gat%%man% r?bé‘lttl% Hgee ?‘Wg‘ﬂyﬁassar y

gct [ vatth?MEMS elpmbntrfa ]'E'Khlslf:@p&’refmﬁtrblm 38 uapwutlafzg?memalnmbapﬁlgleﬁor%edhhs 50hrray
e any of .a nyri ue s avai e suitable for suc

use V\nytrﬂakéng ‘imﬁ Sg’g‘? ilEFt:T‘Pngg 3§c‘f"&§‘i aﬁmB‘(B‘F‘ﬁ]rBﬁ r?“%\ﬁ/%%‘ds@éa‘l}e@l’ ipaitoant

Appl i Caﬁdr@ﬂarf:}&lé’mﬁé desafé FRTaNRYW Saelahudd YEBROnBANEPBY tHe MEXISG1Endf B via

entitled " | nfusi on Systemwi th | ntegrated Power Supply and Punp
Thelef dbe reussbly gepiroflemddsr Sudt # yinprastandyt i fasicbeek seraplsteyinfusiosrand reatresiothy
refer ergg,gte,g%ﬂbﬁedl\ﬁm‘legyyggl}pg .. supply WO 03/059418 PCT/ US02/38902 7 50
is shown in as connected to the MEMS punp 52, it is understood that
t he power §®Emﬁffﬁ’®@ caveiignapbshopariablG: 3¢ BrisdEMSdbuny dethent S@G\rvpbirwntam as

desiectTn e Rt ORE-STUSLABESTRRDE LAPAEELA g o
| i ne- s@amuntphtto pmamwtaldasdeamﬂ flovo red¢. The MEMS pump element 52 can be disposed of w1th
20  the rest of the disposable components of line-set. The electronics of the controller 38 and any
type of case or user’s interface would be maintained as a durable, reusable system.

Turning now to FIG. 4, there is pictured a schematic diagram of still another embodiment
of the present invention. In this configuration, the system 10 may utilize wireless
communication. A MEMS pump 64 is connected to the tube 12. A power supply 62 is

25 connected to the tube and is operably connected to the pump 64. A wireless controller 66 is
provided to control the MEMS pump 64. Wireless communication removes the previous
requirement of developing electrical connectivity for the disposable line-set. A wireless linkage
will also reduce the complexity of the line-set usage since it will not need to be loaded in as
specific a manner as would be the case with hard wired electrical connections. Wireless

30  communication linkage also provides flexibility in terms of usage, for example allowing a

disposable, implantable MEMS pump 64 to be controlled by an external system controller 66. It
is understood that in a wireless configuration, the MEMS pump 64 will be equipped with



5 functionality such as punping, valving, and sensing. Sone or all of the
supporting local electronics could be included in a disposable portion of a
i ne-set we osmbd418 For exanple, it nmay be preferable to i mcirame2/3smenory
chip that contains calibration infornmation for a punp 52, pressure sensor
and/ or flow sensor 30, valve 34, or_a conbination of disposable elenents.

Di sposaBPHTPRRALY [P Struphire syl o5 fo pollephaerey fansmaasiors gnd drarlaty pewesicontralat i on
of the gpmp ts of the 10 system between each subsequent application.
The durable controller 38 is designed to stinulate fluid distribution
quantities dinrtbiscpyfigusationhihe NEeblecoramsalble,52ireldh icanttofloe6®vouldrbmaliuhieate 38 can

be utilized : aul L . i ions. ...t Qu ing i reusab) e
cont rol :Viéaréqb 81\5/%1u é)tr ncgéaglt%leﬁ%’lh%%gé oV il &S%E@p ‘érlg?‘ri6%larl Py fsf(’(?gpﬁ%n.
For éxamileless ¢onenutieaige coudd baesteblistpdtvitinitherMEMB eompemnfsi gl adeNg phlag MEVS
el ement 52 vi.a the reusapl e troller 38. S a ljine-set may in fact
b o cofibiasiouty KD SRR B SR i Posghla Bt et B HeHCPg vilh s ety |
packagepowér sadplefrefitetd RAGREI ISRy S m@mah?le,F kfe dishosdteelMaMis %W%cﬁkﬁmnt

e

52 woul d contain electrical connectivity to enable interface to
dur abl eSEHFMHS| PeTPRET tieatransbu| of BloRnaton from the disposblet Jementn bagkntoathdesi r ed

Flow ratigrbillnd¥EYBeH U SEEABRL hidevEAR RudH RRRRRD e éi‘%c‘n{aﬂig%séd%?srﬂgﬁ“ of

t he di sposabl e conponents of line-set. The electronics o | er 38
and lanyn thepdurgfle cqnieollsy 6Gswetties thamt witl sisposablgl derbentsrailh tedynied dessralale dor abl e,

r eusabl ; i t | ] i ictured .a schenmati
i o aiaea Siftioitf ARABIGN Q. BiofBsatle sl S0 Sedet RoRd b fytpRt BRIRE of
conf i gumatriation s¢thendperas sy 20tomaguce tdghirakrenli-tirad EsSaction anwebe ticidoiableAnVENVS

punp 64 i nnect ed the tube 12. A power supply 62 is 25 connected to
t he tubfahls‘éonsgﬁlegg%ﬁggsr(i’atftl:;£ eysyét%f{lnect ed to the punp 64. A wireless controller 66

i ﬁ pr ovi dedTheoduzatsié s@dtenh hex%tfv?MSG?)ump iﬁ'ﬂunla Wdvedees l‘@raﬁdﬂéﬂ"ﬂﬂlhﬁﬁh&tﬂﬂftb %H@\ées
t he preyi ous ui r enment el opin ectrical connectivit or the
di sldgs ag'P’é’ i M&f gl‘e{’t.herA“%”Pgﬂ @sg’ﬁﬁaﬂ{%&j% thgicpptre}j ang ipfeggaation il %%Mﬁl‘é&i ty of

the |ineteeit dASia@earSiieBated infbridatihaRfeetiGyRem! 0BERIY, Rydsm SR&AIHEC
manner as would be the case with hard wred el ectrical connections.

W r el esBa8PetEp AYiNSIReRts e bs Aktbged diysWirplessysommumisation from tapd ta & MEMS of
usage, ERfenfoAlBI& 68l | oW ng a disposable, inplantable MEMS punp 64 to be
control lI'ed by an external systemcontroller 66. It is understood that in a
wi rel ess conflGgdrditcloges, another wEhEimpenivpf 6t mgdidal Beideftowi pytrd! myistem W DBE 059418

PCT/zbJSOBJeé’e%%@enﬁon wherein the system 10 is designed to be implantable within a body. The system 10
utilizes a fluid source or reservoir 70 that is substantially smaller than a conventional IV bag and is
disposable. Preferably, a MEMS pump element 72 is connected to the tubing 12. The MEMS
pump element 72 has a power supply 74 connected thereto. A wireless controller 76, designed
to be remote from the body, communicates wirelessly with the MEMS pump element 72. Thus,

25 all components of the system 10 in FIG. 5 except the controller 76 are designed to be implanted
in the body.  The durable wireless controller 76 provides the system with the parametric data

that the local electronics of the MEMS pump element 72 needs to perform infusion or extrusion.

The fluid reservoir 70 may be refillable and the disposable pieces of the system may
30 include other components such as MEMS valves 34 or sensors 30. Significant advantages over
existing methodology include the transfer of mechanical features from a durable system to a

disposable portion of the system. This design allows for cheaper construction of the pump



8 appropriate support structure such as to collect energy transm ssions and
transl ate power/control to the punp. In this configuration, the durable,
or reusabWwe,o3wsye$ ess controller 66 woul d conmuni cate vi @carusomsssori ve or
capacitive wireless link, with the MEMS punp 64. It is understood that 5
Wi rel ess communi cation could be established with other MEMS conponents. The
MEMVS pusatioter 6ror dufable syEdD 76 anp tongatsrmvelibiliifysinte sRomadvlesyien Mombuld be
provi ded with the necessar power  and el ectronics to function properly.
For exaPfl Beluffacq %@i&ﬁ@ onep ﬁﬁ”ﬁtsssyﬁf&v plegyrvides dhe OPPIHINEE 1P Fe¥eiphor t
the tr a&b?ﬁlﬁételgfdiépaéagge@?t%a@@oﬁd@mm@poqm&ﬂ&@&hﬁ oeVamBkanRACKk to the

durable controller 66. It is preferable, however, to include as nuch of the
el ect roni cs lasnpbes ppbediment; thetmapd(? disifaabenthen theeresgpoir 40 meay storamnd t h

di spes I i j f.L.Gl
el ecfpr gl%!leggee rﬁﬁﬁﬁéeé ?jl}lé%ng)s a%rpgcg%a?iggl“{tgmaegogg 'tI, gb gzr:a(eaH,OHSa%’%Bialrsltgl gﬁgélg?tabp%%c kets
of i nstysteot, tlere meax be amukegddwem woesadevia Ml tiedineeqii A4 boleeadr in thepump

i nteraction between the durable.and di sah] e. porti the system The
dur ab o S0y BB AT Pl M A o TP BB SR EHEME B oY o1 et on
to and 15 frlemalidafRual flow entraledyvemki Ot of thel ptegerd Uhasimede nidyebeC@sd fvdkn and
i nt errogation. of e NENB elemegt. 4 into.an autorrgt d inforpmatjon,

s paf

t
managen®ffe ¢ &togwﬁmlw pQpsidgre CEiBiGHOF HaPREApriat 56 & CHERiSPRIFeNt S

canipe A€ hifRYRtkndYexwhdisl SFtent ANIXUN whad bR iAtFABARE dort Bpidal MR atisySHE T
controller, 66. FIG 5 discloses another enbodinent of the nedical fluid
f1 ow copiovige eEfative pringrelist qrrausexmepideahle sidp ¢ERGts. o} isiqa andtdsew systanem 10

i s desi gRegnRode biermg@mlﬁ?gcﬁ%iﬁég{n@tﬁe HnddRAon N8 sﬁé’éﬁ@lg?ltél-gr o ahlig Z53e @

fluid source or Teservoir is substantially smaller t
convent ¢lgastive preabsey fewad uneomigitahle sidp pecismtharf daliapiing the meRivBignsyptemicatient 72

i's conn . thl : I . supply
74 connggrtthge ntl et}rogg)é.ﬁ% l{/gvl9 Pé%rensegﬁa%o ntrolt g%é?ysgég?%or%% Elﬁ?)m gl?é)g%i{ e from
t he 1bodsites eathinthe batydsr moreadffeststeydelivdrh of hmediEMSnp dip ved EiMBMSARchndlogg, 25
all co nents of the stem 10.jn F.G ce t he, contr er 76 are

Gesi ool e PhsPa o/l SERnt fulothsclsPosamls i Rinetrinf SreLd hchbd B 76
provi desviih theSiys bRMEMS plhp hpdnfamkintdgeal gakér supplatwhehen the@apas esignedi-cs of

t he MEMS pu el erent , 72 needs to performinfusion_ or extrusjon. The fluid
reser vofor(Pl[’?"fr;‘?‘gt’raéﬁ1 SH@?er %efsirﬁ‘qq%lﬁf’@ r%ltﬁn‘P YRY a@irRé‘B’B AonEolr sar ke ghmingigd-s yasem nay

an entire infusion system can be designed from disposable components.

20 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.

25



30 include other conponents such as MEMS val ves 34 or sensors 30.

Si gni fi cant advantages over existing nethodol ogy include the transfer of
mechani cawofeasames from a durable systemto a di sposabl ecparsoz/ssyonf the
system This design allows for cheaperd construction of the punp WO

03/ 059418 PCT/ US02/ 38902 9 controller 76 or durable system 76 and

| onger-termreliability since the durable system 76 would not include
mechani gglajg@mponents. This system al so provides the opportunity to devel op
conpl etely di sposabl e systens or durabl e/ di sposable platfornms of various
fashiongwag%h&nother enbodi ment, the punp 72 itself rather than the
reservoir may store and 5 release prescribed anmbunts of nedication into
t he body. In | L.cati such as an inplantable system there may be no
need fo¥'an g§§§§§<§§@ﬁ§§&24 inthe line-set. A hole or port in the punp

72 may be suf iq%%ghwtp %rovide a medication exit site fromthe inplanted
VEMS systema e &A™ | uid flow control system 10 of the present
invention may be used when, ane traditional therapi es are considered

i neffective P“‘ir?féf?ﬁ’ir%‘?‘i%éll@ SYSFR H@Ew glegenteppnssicd todiedube. 10 an i nf usi on
and extrusion systemis used when oral, intravenous, or topical nedications
fail toZpr ovrinéeegr@rﬁeb‘?:ﬁt‘ilﬁ}’é‘ Ifrther cempising,d congrole oppreblyfconnestsddo HieddEMBTf ect s.
An i nfusion and draw system can commonly be used when delivering the
nedi cat Pli§Metlo a specific site or organ is nore effective or causes fewer
unconfortable side effects than delivering the nedication systemcally (to
t he ent Bre bbep/due-sghef alpia lovhezeintgiMBMStefemiedt i ladlavcsnsarol system al | ows a
physician to target 15 sites within the body for nore effective delivery of
a nmedi cdt i onThellve-sabef cfimNBNBr¢ie deNEMG \elensht iowdlomovagvepor t i ons of t he
system 10 to be di sposable thus reducing the costs of the system 10. Wth
t he use5of aThEMS-puofizldiavi wigrdn therMBHSlenfeaie & psasppt yensbrer ei n t he punp i s
designed to operate at a single desirable flow rate, a separate durable
control ber caire loe-sel ofitiaiaechereth i, conttdlleEi ldetachablef ftsoh € MEBIS&BnsRAN be

desi gned from di sposabl e conponents. 20 Wiile the specific enbodi nents have

been il Fust r Bliethea8toEes 2 WiRshin tHePBAIEIIST hddRGhdahe Ak sQASg fddtnPRoTBde to the
present invention, as described, by those of ordinary siill in the art

Wi t hout 8si gnTiid IGRE! of cHRRAN W iieiGn tHeQBhtdIRr BRiamhdan®for WBlal MY &¥bintion, ThE
breadth of protection afforded this invention should be considered to be

l'i msedoonl yTRYiideli8: FCRRA 2Qfhelddf the REHRTRAN laNkafid ffr WBtwork communication.
10.  The line-set of claim 9 wherein the network communication further comprises means for
automated control and interrogation of the MEMS element, |
11. A disposable line-set comprising:

a disposable length of tube; and
20 a disposab.le MEMS element connected to tﬁe tube.
12 The line-set of claim 11 further comprising a reusable controller operably connected to
the MEMS element.
13. The line-set of claim 11 further comprising a power source operably connected to the
MEMS element.

25 14, The line-set of claim 13 wherein the power source is disposable.



25 WD 03/ 059418 PCT/ US02/38902 10 CLAIMS W Claim 1. A line-set
conprising: 5 a length of tube; and a m cro-el ectronechani cal system
(MEMS) elwosabseeinected to the tube. 2. The line-set of e@caiusod3goort her
conprising a controller operably connacted to the MEMS elenent. 3. The
line-set of claiml wherein the MEMS elenent is a flow sensor. |0 4. The
| i ne- sets.of &hwdivalllingiser @mprising: MEMS el ement is a flow valve. 5. The

| ine-set of claiml wherein the MEMS el enent is a pressure sensor. 6. The
i ne-set of aleagthoPtubkienéi n the controller is detachable fromthe MEVS
elenment. 7. The line-set of claim2 wherein the controller has a nmeans for
storing i nf o MEMDpumSelenhbret attadhed ®eathe fabe.cl ai m 2 wherein the controller has
a nmeans for displaying information. 15 9. The line-set of claim2 wherein
t he conig.ol | £melRs! IheBBARMprighgnet wor k comuni cation. 10. The line-set of
claim9 wherein the network conmmunication further conprises nmeans for

aut ograt ed confeh @ 0Pl hiVifS 4 #9ALHdARaREd 6 cVEMR Bl BRtainet dnd AsbsPOsabl e
| i ne-set conprising: a disposable I'ength of tube; and 20 a di sposabl e MENMS

el ement e 5&8& &%l Bl dtd B thet gom;-)lg?l@ | D Give Rhvilf a M}ﬁx'/lgle%éneil\l}éﬁ[l\t)é%ﬁ

, t
conpri sing reusabl e controller opera%ly connectéd to t el enent .
13. Theﬁ%&n§-set of claim 11l further conprising a power source operably
connect &d to the MEMS el enent. 25 14. The line-set of claim 13 wherein the

power spprc el"ﬁeslinceiisgtp oqsc%l?rllq6 fu\%)lero g’c{n?pSr?sfﬁlg% p%\%y s%%roc%/o%gr%&% cor}nlected to the

MEMS element.

10 18.  The line-set of claim 16 further comprising a MEMS element controller operably

connected to the MEMS element.
19.  An infusion system comprising:

a length of tube having a first end adapted to be connected to a container and a second
end adapted to be connected to a body, the tube having a MEMS element attached thereon.

15 20.  The infusion system of claim 19 wherein the MEMS element is a flow sensor.

21. The infusion system of claim 19 wherein the MEMS element is a flow valve.

22.  The infusion system of claim 19 wherein the MEMS element is a pressure sensor.
23.  The infusion system of claim 19 wherein the MEMS element is a pump.

24. An infusion system comprising:

20 a length of tube having a first end adapted to be connected to a container and a second
end adapted to be connected to a body, the tube having a MEMS element attached thereon, the
MEMS element being controllable by a wireless controller.

25.  The infusion system of claim 24 further comprising a power source operably connected

to the MEMS element,



15. A nmedical line-set conprising: a length of tube; and a MEMS punp

el enent attached to the tube. 16. A nedical line-set conprising: 5 a

| engt h ofwoubesdsaying a first end adapted to be connect ed Pra/@sozssyoai ner
and a second end adapted to be connerted to another conmponent, the tube
having a MEMS el ement attached thereon. 17. The |ine-set of claim16

f ur t her2éc onpihiesifingjomsyswert ckin2d evhoped thb lcyntedianies taenkahe fdr hetwollEMS el enment .
10 18. The line-set of claim16 further conprising a MEMS el enent

cont r ol doarmwypeatiakl y connected to the MEMS el enent. 19. An infusion system
conprising: a length of tube having a first end adapted to be connected to

a contaimer TRdnfsi6LeRkEh oftldm@daHetdn the nitR 8OMINGS SR et Ae BRFVsabIENE t Ube
having a MEMS el enent attached thereon. 15 20. The infusion systemof claim

19 whergg. n the iMeNEh §)sRREMcIdiS 23 Wietih ﬁl‘é?@@ér-soux%éis difiRsdgid. usi on system of
claim19 wherein the MEMS elenment is a flow valve. 22. The infusion system

of aisg 19 ki 0| ] h
Lo 3y T e AR LA R USSR REDIAGY ol
i nfusi of. SYSLEMGOPR,L sing: 20 a length of tube having a first end adapted

to be connected to a container and a second end adapted to be connected to

a body, ,4 he . having a NEMS el ement attached thereon, the MEMS el enent
bei ng c%%trd%ﬁ%grgqgﬁquﬁpggggés controller. 25. The infusion system of

claim24 further cpng;ising a power source operably connected to the MEMS
el ement . WO 0/RBEWLES PCT/ UsD2/ 38902 12 26. The infusion system of claim

24 wherein t troller has s _for network comunication. 27. The
i nf usi on syﬁqgmpu&paql?ﬂwﬁawg?cg%%ﬂ? ‘?’f&e;taﬁ‘?)e and MEMS el enent are
di's POOS abl e. a power source connected to the MEMS element.
31.  The line-set of claim 30 wherein the power source is detachable from the MEMS
element.
32. A medical line-set comprising:
a length of tube; and
15 a MEMS element adapted to be attached to the tube, the line-set capable of being
implanted inside a body.
33.  The medical line-set of claim 32 further comprising an implantable power source
operably connected to the MEMS element.
34.  The line-set of claim 32 further comprising a reusable, wireless MEMS element
20 controller operably connected to the MEMS element.
35. A disposable medical infusion and draw line-set comprising:
a disposable tube;

a disposable electromechanical pump element connected to the tube;

a reusable pump controller operably connectable to the pump element; and



28. The infusion systemof claim25 wherein the power source is disposable.
5 29. The infusion systemof claim?24 wherein the MEMS elenent is renotely
control | aWwlbaslbyi41¢ he wirel ess controller. 30. A nedical | iPoaAse?/38902
conprising: a length of tube; a MEMSI3punp el enent attached to the tube;
and 10 a power source connected to the MEMS elenent. 31. The |ine-set of
cl ai m 30 whea disposable rqseweir opaebly ettichedlietirctabdhl e from t he MEMS el enent. 32.

A nedical line-set conprising: a length of tube; and 15 a MEMS el enent
adapt ed36.0 bEhedyseehedlaim 36 heteithibe disp@able RRers6it haaup dakonefalbei Ng
i npl anted inside a body. 33. The nedical l|line-set of claim32 further

conpri SBNY amhd syRleardrabiig 3p MlefeirS@y k410 iseP@fARl Yersidipect ed to the MEMS
el enent. 34. The line-set of claim32 further conprising a reusable,

i 1 el eS8 VEVERSLRRRIYE clafl 36 bien] hepupeleabinis fanted 1o the MEVS
el ement. 35. A disposable nedical infusion and draw |ine-set conprising: a

di spgsaibe tw?@éysémddf%a%fabme&iﬁ%F@fgggﬂaﬁlgl}ﬁéémm&lye' ement connected to

the tube; a reusable punp contro erably connectable to the punp

el ement 4 and Y0 Q303983 PCTLURNRL 38900t i, disesadl e reservorr

oper abl y at to the tube. e SyS dim 35 wherein the

G SPosabl " EL Bl 3L e PR BLNEy s Bfgell, SYSem ol clalm 3¢

wher ei n khe valve 1's ¢én rolTe _ _
e o 3 PS8 R EL oS Al HEGREL T2 Mo
the pump, el efent s L Piseal & Sising:
10 a tube having a first end adapted to be connected to a container and a second end adapted
to be connected to another component;
a MEMS pump attached to the tube and configured to pump fluid from the container
through the tube; and
a power source attached to the tubing and operably connected to the MEMS pump.
15 44.  The medical line-set of claim 43 wherein the MEMS pump and the power source are
contained within the tube.
45. A method for delivering a medication from a container to a patient, the method
comprising the steps of;
providing tubing having a MEMS pump attached thereto, the MEMS pump being
20  operably connected to a power supply, the tubing having a first end adapted to be in
communication with the container and a second end adapted to be in communication with the
patient; and

activating the power supply to power the pump wherein the medication is pumped by the

MEMS pump from the container to the patient.



41. The system of claim 35 wherein the punp elenment is portable. 42. The
system of claim 35 wherein the punp elenent includes a slide clanp. 43. A
medi cal |Iwoe3sst4igonprising: , 10 a tube having a first emdTatapssed2zto be
connected to a container and a secondl4dend adapted to be connected to

anot her conponent; a MEMS punp attached to the tube and configured to punp
fluid fAGm t Ree methodphasim %rfmhﬁg lqomprésing ibe stemeicroatrglbng theddEMEouaptveidhed t o
t he tubi ng and operably connected to the MEMS punp. 15 44. The nedi cal

| i ne- setn efterohlaiontrdierwher ei n t he MEMS punp and t he power source are
contained within the tube. 45. A nethod for delivering a nedication froma
cont ai na?. t oTke pathbébf claitnes firehdraompidmgthe stemgf disverdiigeths tubing qod MEMBENg

t ubi ng having a MEMS punp attached thereto, the MEMS punp being 20

oper abl yugpanaaised to a power supply, the tubing having a first end adapted
to be in communication with the container and a second end adapted to be

in comMmupi cahiRhod éffieliNt@ing Pald 2ot a c@ﬂgn@%inyﬁéiﬁg;me tlags pwer supply to
power the punp wherein the nedication is punped by the NMEMS punp fromthe

container to Iﬁbﬁiir&atm)iﬁgﬁaviﬁ& MWatBWd@&éﬁﬁ@&ging%N\éiﬁlga filendret hod of

cl ai m 45 fur? er conprising the step of controlling the punmp with an

ext ernal, ; CONLE S gr?{%ﬂﬁcaggﬁ w@%%grﬁtg%lﬁlqan?ia%&ﬁd thgther conprising the step

of discarding t I'ng and er use. 5 48. A nethod of
delivering fluid.fro ' Lsing the steps of: providing tubing
havi ng a NEI\/%roﬁhrl‘r%aa(frg gglﬁegga\?hggé?‘g%qﬁ?ﬁtubi ng having a first end adapted

to be in comuni.cation with th ont ai nd a second end; providing a
control ler hSRFR &”88%@?%§ﬁ88§9%”8b@F§§ﬁ§§8%ﬁ%ecting the controller to the

NENSIO punp; activating the controller to provide power to the MEMS pump; and
pumping fluid from the container and through the tubing.

49.  The method of claim 48 wherein the controller controls the MEMS pump to deliver fluid
at a predetermined rate.
50.  The method of claim 48 wherein the controller is connected to the MEMS pump is

15  operably connected to the controller by a wired connection.
51.  The method of claim 48 wherein the controller is connected to the MEMS pump is
operably connected to the controller by a wireless connecf.ion.
52.  The method of claim 48 further comprising the step of providing a flow sensor that is
attached to the tubing.

20 53.  The method of claim 48 further comprising the step of providing a valve that is attached
to the tubing.
54,  The method of claim 48 further comprising the step of calibrating the MEMS pump with
the controller.

55.  The method of claim 48 further comprising the step of discarding the tube and MEMS



10 activating the controller to provide power to the MEMS punp; and

punping fluid fromthe contai ner and through the tubing. 49. The nethod of
cl ai m 48 wiassai1t he controller controls the MEVMS punp toPpdalticemssoht uid at
a predeterm ned rate. 50. The nethod Bf claim 48 wherein the controller is
connected to the MEMS punp is 15 operably connected to the controller by a
Wi red cpymeeftérase. 51. The nethod of claim 48 wherein the controller is
connected-to the MEMS punp is operably connected to the controller by a

Wi r el es§6.confAeadtihasinf dslveriiig e medichiden tof pelicnt peragisingrththeiepsadnpri si ng the step
of providing a flow sensor that is attached to the tubing. 20 53. The

nmet hod of cl ponidity dhunfudien sysenphavimgngubihehstiem MEMS mmmdongededthbe®, t hat i s
attached to the tubing. 54. The method of claim48 further conprising the
step of uralEMISgiumithaling aMEVE: sauplp, the tubingtHaeing afitst ehd sttach&lto aTheataimet hod of
claim48 further conprising the step of discarding the tube and MEMS WO

03/ 0594 L&hihikihk WS A8 alseconaen®, after use. 56. A nethod of delivering a
medi cation to a patient conprising the steps of: providing an infusion

syst em havi ngnAadiBiAnfgvh Betctn VEMR tRUBRNRRST @6 sdddfd Bidof thd RiBe NEMS punp
havi ng a power supply, the tubing having a first end attached to a

cont ai ngp., a0t Al 0g8.ddRdi cation and a second end; inplanting the
i nf usi oﬁgss@%nt em Whthﬁo?%e patient wherein the second end of the tube is

positioned af_a..des] I0N; .ding a controller outside of the
patient; act r&aﬁdﬂ’%gd‘{Oﬁg(ﬂ!:eg%‘?t%fg??gtrh%%y‘gggti vate the MEMS punp; and 10

punpi ng fl ui gcf?]é’rat?@ ngn r%ﬂér% Qa{"é‘%q?%ﬁ@ie\%ld@]@“& di second end of the tube

wherein the catton i's adaptec i*Vered to the desired | ocati on.
o7 1’8\ syst emplirgrr)inlg HLH%o%nthg Q0MAinst and through the second end of the tube wherein the

medication is adapted to be delivered to the desired location.

57. A system for infusion comprising:
a length of tube;
a MEMS element connected to the tube; and

15 means for controlling the MEMS element.

58.  The system of claim 57 further comprising means for storing and displaying infusion

data.

20 59.  The system of claim 57 further comprising means for network communication.

60.  The line set of claim 57 wherein the means for controlling the MEMS element is

wireless.

25 61.  The line set of claim 57 further comprising means for operably attaching a disposable

power source to the MEMS element.

62. A medical line-set comprising:

a length of tube having a first and second end;



a length of tube; a MEMS el ement connected to the tube; and 15 neans for
controlling the MEMS el enent. 58. The system of claim57 further conprising
means forwetensggs and di spl aying i nfusion data. 20 59. ThreTayer/ssywnf claim
57 further conprising nmeans for networék conmunication. 60. The |ine set -of
cl aim57 wherein the neans for controlling the MEVMS elenment is wreless.

25 61. The Ithmmbshavingalmt@i:hchEMSretem?nt,corrpri Si ng means for operably

attaching a d| spesabl e F &8 nt. 62. A nedical

li ne-set corpP g? ﬁom%fc rgg%ﬂeﬁm??%t ube %%/@ﬁagwyﬁﬂ &Tgnd second end; WO
03/ 059418 PCE[éaHS&WcBﬁt&ﬂ%g ﬂlﬁd flbe throtgh ﬂiambagmhmheaMEMSndanENB el enent ;

means for connecting the first end of the tube to a container; and neans
for controlling fluid flow through the tube with the MEMS el enent. 5 63.
The sredgtal tHNBeBO 1ifd-set bAdIMOR Wiesie ke MBRISMEMRnet@nfites & aidpisifees a nmeans
for punping. 64. The nedical |ine-set of claim®62 further conprising neans
for senBllmigngxressure 10 65. The nedical line-set of claim®62 further
conprising means for sensing flow 66. The nmedical |ine-set of claim 62
wherein the MEMS el ement conprises a flow valve. 67. The nedical |ine-set
of cl ai 4.62 Theenedical tihesd/BEBaial @r@rther@@mprli?l%memé@@eﬁmg 05sYPppl yi ng
power. 68. The nedical line-set of claim®62 further conprising neans for
inplanting the line-set inside a body. 20 69. The nedical |ine-set of

cl aiin 68s.f ur Tianhedicfiné-sdit nficlaeaésiuttber coomtisiog nemyy forlwendEd/Bowel enent with a

wireless renote controller. 70. A nedical |ine-set conprising:
66.  The medical line-set of claim 62 wherein the MEMS element comprises a flow valve.
67. The medical line-set of claim 62 wherein the MEMS element comprises means for

15 supplying power.

68.  The medical line-set of claim 62 further comprising means for implanting the line-set

inside a body.

20 69. The medical line-set of claim 62 further comprising means for controlling the MEMS

element with a wireless remote controller.

70. A medical line-set comprising:

a length of tube;
25 a MEMS element adapted to be attached to the tube, and

means for implanting the line-set inside a body.

71. A disposable medical infusion and draw line-set comprising:
a disposable tube;

30 a disposable micro-electromechanical pump element connected to the tube;



a length of tube; 25 a MEMS el enment adapted to be attached to the tube, and
means for inplanting the line-set inside a body. 71. A disposabl e nedical

i nfusi on wod3@dsams | | ne-set conprising: a disposabl e tubepcIsaz/esosposabl e
m cro- el ectronechani cal punp el enment Tonnected to the tube; WD 03/059418
PCT/ US02/ 38902 17 means for operably connecting a reusable punp controller
to the punp métamsntapeably coneeatise 4 @nsabjpauaipl opntadlteawhthegurap diesuts aisl e
reservoir to the tube. 72. The system of claim 71 wherein the disposable
reservoi r haged fdrapstabgneaachidgredispofable rEbevaysttenubd. cl ai m 72 wherein the
valve is controlled renmotely. 5

72.  The system of claim 71 wherein the disposable reservoir has at least one valve.

73.  The system of claim 72 wherein the valve is controlled remotely.



