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=¥ (57) Abstract: A fluid defivery system having a closed-loop conirol process for delivering a medical fluid to a patient (1 "0 2203 A
S fluid infusion system includes a pump (100,208) for delivering a fiuid to a patient via an administration tube (122,206). A flow.sensor
~ {126,212) associated with the administration tube provides an indication of the actual flow rate (224} of fluid in the administration
tube. Such a flow sensor may comprise 2 positive displacement flow sensor (402) constructed using micro-fabrication and/or micro-
molding techniques. A reader (230) reads the actual flow rate signal and provides an indication (234) to a controller {232) for
controlling the pump. -The flow rate information can aiso be used for prowdmg status information, such as the existence of a blockage
{250} in the fluid delivery qys[em



connected to the patient using sonme formof catheter, needle, or the |ike.
Heretof ore, infusion punps and simlar devices known i n2i pecénter>ave 20
typi cal | MOt grovi ded‘cl osed-1oop flow control to achieve ﬁr eci se delivery
rates. Ha#000884w control has been open | oop becausdTHBFA MW rat e

I nformati on has not been used in controlling the infusion punp. A typical
accuracy of pSpeNne SYSLE Woorhi wh i Mol LhOW 1.8 ?comﬁo:un%gﬁmdétr om0 better
than about +/-5% and requires relatively sophisticated (and costly)
mechani cal conponents and tight 25 naterial/geonetry controls (e.g., of the
tubing) to achieve that rate. In fact, anbulatory punps typically achieve
accur acBASKSIROUND ©a THEINVINTIONN- anmbul atory punps often do not achieve
a five percent accuracy range at low flow Yates or over |onger tine
periods due to nodield ebthedAvetiothe t ubi ng material over 21 December 2006 .

WD 2004/ 000394 PCT/ US2003/ 017740 . - ime.. Faor.ex | e t vpi cal

~ peri%staltic fOROVEINENIE %%@%r@wéé;téﬂ“’&QPQEMﬁ%?p%ﬁe'ﬁ “adni ni stration

peristal tic 19BN VBPErIES B a ratior
the i upaatelE: EoRRe RIGHART oS APARTSUNE aBl AiehBak Rl Eund ries CU .7
time. ' ' | th ' f th t 5

appl | calH hADaerE abH PR ARy K o o 1- 1200 i / hr and- o1 - 10% at

0.1-1 mi/hro AnophseripisirormaiFriplagt from the assignee of the present
application has a rated accuracy of +/-5%for the first 24 hours of use

and +/ - 10% t hesriaty 6f fuitdelivery Bysfemegm agratiubeing usad rethenmpedinal

- acceptable for sone uses, greater accuracy is desirable for other uses. In

~ son® pr figld for telbysingmaedichEfluids (mompainipgrreetiaatiom rmgsiion, sabve vandcse he
~infusion punp is nonitored and controlled, but the actual flow of fluid in
t he adnon) &t hemaoandursdeiinary petiersr It s aliepl desiedliioradminéiensua U S. Pat ent
No. 5,533,981 describes a syringe infusjion punp having -a sensor for
det ect i mpdicas fipissi atirelatinalr Rragise delivary datogr ilR §EMeFReFetne ite @ke i n
controlling the di spensin f fluid fromthe syringe. myonl y. 15, assi gned
US| PadeieHgaIG POSHTANL ENBSENs 10 2Pety CBTS R AR LR SRR
T be advantageous to use various types of infusion pumps to administer medical
15  fluids automatically, over extended peric;&é of tirhé. A typical infusion pump
defivers the medical fluid into the patient's venous system using a delivery channel
) which usually comprises an administration tube (e.g., a polyvinyl _chlori.de tube)
connected to the patieht ljsing some form of cathete'r, needle, or the like.
~ Heretofore, infusion pump’s‘and similar devices known in the art have_a -
20 typically not provided closed-loop flow control to achieve pfécise delfv_ery rates.
Rét‘h:er, flow control has been open loop becauéé actiial flow rate information has
not been used in conirolling the infusion pump. VA‘typical accUra_cy of such
systems, in terms of flow réte, is normally no better théh about +/—5%; and requires
: relativély s_ophisﬁcate_éd (and costly) mechanical c'ombbne'nfs_and tight
25 materiéllgéometry controls (e.g., of the 't_ubing) to achieve that rate. In fact,
* ambutatory pumps typically achieve accuracies of +/-6-8%. Further, non- |
ambulatory pumps often do not achieve a five percent accuracy range at low flow

rates or over longer time periods due to modification of the fubing material over




'systens such as, for exanple, roller punp systens, peristaltic-type

systens, .' - - valve-type systens, and notor driven systgsembairdober,
commonl y 5@ b@ieshsbs S Patent No. 5,482,841 discl oses a, voI unetric-type
i nfusion punp. An exanpl e of an ambul atpry infusion punp?§EUERBRNE®ol d

under the mark | PUMP by the 20 assignee of the present appl i cation. An

exanpl e of an_anbul atory punp may also be found in U S. Patent No.

5, 993, 42mescher examples altyvieakparisigltie tyrteopympridaired ddagrofPatibR! - For

exanpl e, fﬁ‘rgmnlglﬁas& gned U..S. Patent No. 5,533,412 discloses a pul sed

thermal P tratjgn Wiben H“%Slgmﬂﬁtmh@I'@ttea&bhangeea‘heelas}toaetlsmlefrpd
carries the thermal pulse through a flow

oot
cﬁghlnglg ﬁgoqeqﬁ f]gtertu%gi @%t@ ig gk @Bﬁeﬁﬁhﬂ'te velbmetic eabput obtiretthenpeat i ng

| the t bet the t

ol enont s hEE g Vil et PBﬁ'nglV%' BbISomdbs assionsecd theeresna; 000394
PCT/ UsS20 t h h

T 2D RAbIRGEA Gias bt i S o A0 iy SR YRR B e o
rate | nf ARt AeBthPdiRAp BUARIDIE fonPifRl SWahiafol fbGIIRLION, Benealed by ‘ol

posi tional encoders d decoders asSoc

an i nf usiated pgoPrac @T#S%ﬁfﬁfthétfrst L gnt No.

6,078, 273 di scl oseg an encoder/ decoder ?F@ﬁgedﬁggod%%?'%%hﬁra nedi cal

i nfusi on punpWhilbithe feregbingsaciueasy fpige8thay EBraR: mﬁﬁbléfdrrsoh'le they do
not control fluid delivery in view of -actual flo tes

i r cunstEiREtY, aacheaey isdesirabletfos poe e BO I BoffR! pridt Y EFiems, t?'l‘écurat e
[ nfornatlon and tight control based on actual fluid flowrate I0 data.

Send®r s PR RIdvephaiismassociiedwihehe iffRSonfpump ieheniterecifi have been -
rs and directly detect flow rates. A typical PD sensor

. in useforﬁﬁ a
i ncl udesCORe lﬁ‘p‘l"@ﬁé’ﬂt%ﬁ‘ IOll"b‘t’falctll"lhtj”l Blecadmingstration, tubb ésinetx faged to a fluid
flow, aI relati d§f|5ned volune of the fluid to transfer from
one &i d & x%fhtﬁlﬁe %s gned atent No. 5,533,981 describes a syringe
' infusion pump havmg -a sensor for detectmg the position and capture-of a synnge
: plunger for use in controllmg the d:spensmg of ﬂwd from the syringe. Commonly
15  assigned U.S. Patent No. 6 078 273 dlsotoses a vanety of. known mfusnon pump_
-systems such as, for example, roller pump systems, pertstathc-type systems
- va!ve—type systems and motor drlven systems. Further, oommonly aSSIgned U S.
Patent No. 5,482, 841 dlscloses a volumetnc—type mfus;on pump. An example of

an ambulatory mfusmn pump ls a pump sold under the mark IPUMP by the

T

- 20 | asmgnee of the present applxcatlon An example of an ambulatory pump may also
~ befound i in U.S. Patent No 5 993 420
Some systems have attempted to prov:de olosed-loop control. For
example commonly ass:gned U.s. Patent No. 5 533 412 dlscloses a pulsed -
thermal flow sensor. In such a system the fluid is heated by a pulsed heatlng
26 element. The fluid cames the thermal pulse through a flow channel to two sensor '. )
‘elements spaced apart, downstream from the heatmg element The trans:t tzme of

the thermal pulse between the two sensor elements provndes an mdlcatlon of the



15 another. side of the sensor with each rotation (or partial rotation) of
the rotating elenents. One advantage of PD sensors is phabkcéhigyr apgport a
variety of fluids wth substantially equal |evels of accuracy. In the
prior arWOXEMdMyices typically nmeasure large fluidAGTEW2APEMEE4nd t he

requisite level of precision is achieved by conventional- precision
machi ni ng and polishing techniques. In fact, conponents 20 nust sonetines

be mat cha@ ficw BRI, THIsBhcithfapprsh ehulrs thohghlicaton of 8k pumed i nner
housi ng geonetry. Such. conventional PD sensors, however, are not

wel | - suitd ¢k floid inSedémtoldedérnine ¢iowd @aite irddfmatiorf.| ui d del i very systens. For
exanpl e, a commercial infusion punp may require the ability to deliver
fluids over Qihei pdorangystemsodgd indorynationegenaratpd by pesiignal encobdelisng very

| ow fl ow rates.. 25 Moreover, conventional manufacturing techniques tend to
be expergddecasers asspsiatedvith a motaoshaibla canfrel & indisiaisRUMB. Fgfuf act uri ng
di sposable itens. . In recent rs,. fabri.cati chni.ques have -devel oped
t hatal P&ﬁﬂﬂﬁ%ﬁﬁé‘%ﬁﬂ?‘ﬁ@fﬁe@ﬁ'rﬁ%ﬁ%{#@b ’loggt?gé cg%@%e;esan Some of such
devices are referred. to as. 21 enber 2006.' MWD 2004/ 94

PCT! Us2 GOEPRRTIRPdR 0 iy aruBl gL sns s Putio' REVB Sy  ces ana
mcro ‘ , : r :

et or r o R ieGE pprofBief thdah, sty 8ot BRI AURE SR rFdw o

Gal vano ; ) ' ‘ Ltehitew 980s and

t ransl atfag{sdgrf@%\é\ﬁ%?/é %Igﬁﬁoerﬂg? gg@“o aﬂleigtghﬂg%{%fgﬁé'@gﬁgyée‘& rop{jglpﬁ]n%t, and

repl i cabr@fide lbs@catatesfofRatidMand GgReEbRtFol Hask ot ActeafiuidBblv rathi gh
‘aspect ratio conponents. Using this technique, a photoresist |ayer (e.qg.,

an 1@ aggyd.i ¢ pol yner such as pol ynet hyl . nmethacryl ate (PMVA)) is applied to
a netallized substrate material. The photoresist |ayer is selectively
exposed to Semsbratsuch asgubsitiveatisplbcgmeah @PQyflol rale semdded, hawe bgea a nmask
pattern to formthe 10 desired high aspect ratio walls. Thus, the radiation
"unzi psin use faNKaNp yeRtsoard dirgtily asipokiiaiv salepl &\ typicahBPesanser ipsfiudasd in a
devel opi ng solution that selectively renoves the exposed areas of. PMVA.
One devéresremlementary sotatisg slpmests that, when exposed to-a fluid flow, allow'a
..i"elatively well-defined volume of the:fiuid to transfer from one side of the sensorto
15  another side of the sensor with each rotation (or partial rotation) of the rotating
-elements. One advantage of PDsensors is that they: support a‘variety of ﬂUid‘éff
~ with substantially equal levels of accuracy:- Inithe prior art, such’ devices typically
measure large fluid flow rates and the requisite level of precision is achieved by
.- conventionai precision'-machining and polishing techniques. In fact, components
- 20 - must sometimes be matched to ensure minimal clearances of the rotating
~ elements and inner housing geometry. Such conventional #’D sensors, however,
are not well-suited for use in high-precision medical fluid delivery systems. For
example, a commercial infusion pump may require the-ability to deliver fluids over
a'wide range of delivery rates -(e.g;, 4 logs), including very low flow rates. - |
25  Moreover, conventional manufacturing techniques tend to be expensive and,
therefore, are not well-suited for use in manufactu'ring-disiposable items. -
in.recent years, fabrication techniques have developed that a!low for the

manufacture of micro-fabricated devices. Some of such devices are referred to as
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Sl o, Mot 00 0 MBS,
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delivering fluid at a desi _red fTowrate fro 1 d by @ TELery
D hen e ek dgh sspeotrafolae!, TR howafEn e g AR R L
.btweenthereservoiran_ the deliv _ _ tT
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' ' deliverin e ui
for operr gHO\-ogS%he .%xposed-, atgeas of PMMA.- One development solution is 20% by

~-yolume of tetrahydro. 1 4-oxazine, 5% by.-:volume-‘2«'am-jnOethan0I~: 1,60% by
. .volume 2-(2-butoxye_thoxy)etﬁano!,.and 15% by velﬁmé-wat_er—.- The sampleis:-
15 thereafter electroplated; metal fills the gaps within the PMMA to fofm a negative
“image. “The PMMA is then removed-:using 'a.so!ven’t',ﬂIeaving:.aé?met'al form for either
~ " imimediate use or for use as a replication master. The entir_e-LlGA".prOc;éss is
 described in greater detail in chapter 6, page 341 of Marc Madou, "The =
Fundamentals of.-Microfabricatioh,' the Science of Min’iaturization,“i Second-‘Edit-ion &0
20 (CRC Press 2001). . |
“LIGA has been identified for use in manufacturing micro-fabricated fluid -
pumps. It is believed, however, that LIGA-based micropumps have never beén
made available co‘mmércially; Cost is one substantial drawback of LIGA; itis - |
believed that there are refatively few synchrotron devices (e.g., 10-15 devices)in
25  the world. Accordingly, LIGA is fairly limited in its applicability for directly - -
manufacturing low cost devices.

- In view of the foregoing, an improved system and method for delivering a
- fluid to a patient is desired. |



adj ustabl e output rate. A flow sensor is |ocated along the delivery channel
for sensing a flow of the fluid in the delivery channeb1 @edehber 2p@8er at i ng
a flowrate signal indicative of a rate of flow of the fluid in the
delivery channel. The flow sensor conprises a positive displacenent flow
sensor. A controller controls the punp. The controller causes adjustnents
to the output rate of the punp as a fanction of the flow rate signal
whereby the desired flowrate is substantially achieved. |n another
aspect, the invention relates to a closed-1oop fluid delivery systemfor
delivering a fluid froma reservoir to a delivery point associated with a

pati ent beFd.le. I e via an adm nistration tube. The

cl osed- | %%ﬁm d 'qudlgyg\é}éﬁ[em i ncludes fluid delivery neans | ocated

al ong the admyycsiradd t: : t .y LGk fluid to the
delivery poi nt%£§|hﬁdéﬁép d??%h‘nf'eﬂé\tﬂ %ﬁ{'ﬁrdfp géﬁ{/s g%g'lé?s{eﬁ%gﬁ@ﬁrsoﬁ %cerrent fl ow

sensi ng eRBBE-I0cp tErRS Prbdess IRe isky Aol rHiednfRhbNGH 1 erRAG ARk t he delivery
poi nt for sensing an actual flowrate of the fluid in the i delivery

channel dasirécbiow eate issubeiarmtidly achicabd. Rurtea) iniondi fomh) siehad sydiemdst ual fl ow
rate of the fluid in the delivery channel. A control neans associated with
the fl ui §opstrystecbusieg ope@e morg raisra-fabrigatinmeand/ermeldingsteghuigues r esponsi ve to

he fl e sj | f dj ' h f the fluid deli

moans. suBlowRgRoTAgostedioctis. inarable FdmBIYRIORSEh the Tiuid is suppl i ed
“the deli | ol ' h ' [.S..Sub tiall

achi oved. 11 NV aSeshARRTAEREEY Pibths' O R ARl Bt 0802 8y <Y e 1o

del i veri aexi . o i W: ' i th
el i veri gésiredlow fhte frbﬁxlr% FoddPVSiF 1604 Eieﬁ\%rgﬁgﬁl't a¥sddiated Wﬁ%néa‘?%t@f-&ﬁ@g \émyst e?n

patient at a desired delivery rate via adm nistratio

I ncl udessystetalinolgdes adelivery shanrdBemidenchy résvaEARE tHedoery pdigk r eservoi r
and the delivery point. The delivery nechanismis constructed and arranged
for sel erough whighlthe uidrig delinered to the patient. A gaimipvis mgspciated witlatHehe

adm ni stral,tion tube at a controllable output flowrate. A
: delivery channel for operatively delivering the fluid to the delivery point at an

adjustable output rate. A flow sensor is located along the delivery channel for
sensing a flow of the fiuid in the delivery channel and for generating a flow rate
signal indicative of a rate of flow of the fluid in the delivery channel. The flow
~ sensor comprises a positive displacement-ﬂow sensor. A controller controls the
pump. The controller causes adjustments to the output rate of the pump as a
function of the flow rate signal whereby the desired flow rate is substantially
. achieved. 'I
In another aspect, the invention relates to a closed-loop fiuid delivery
system for delivering a fluid from a reservoir to a delivery point associated with a
patient at a desired delivery rate via an administration tube. The closed-loop fluid .
delivery system includes fluid delivery means located along the administration tube '
for operatively supplying the ﬂuid_to the delivery point at a controllable output rate.
A positive displacement flow sensing means is located between the fluid delivery
.means and the delivery point fqr sensing an actual ﬂow rate of the fluid in the
delivery channel and for generating a flow rate signal indicafive of the actual flow

rate of the fluid in the delivery channel. A control means associated with the fluid



cl osed-1 oop control systemcontrols the output flow rate of the delivery
mechani sm  The cl osed-1 oop control systemincludes a p@siDecymbed dacenent
fl ow sensor connected in-line with the adm nistration tube for determ ning
an actual flowrate of the fluid in the adm nistration tube and for
providing an flow rate indication reflecting the actual flowrate. A
reader associated with the positive diggpl acenent flow sensor receives the
flowrare indication and provides a flow control signal reflecting the
flow rat gghndi cation. A controller associated with the delivery mechanism

r ecei ves IENETY 16308 JERY e 0D IS I8EPPNSVE Kuthedlow watg aignat o adivstingthe ng t he
f. N i f ti f. the fl

controf - S8 oftne Ui BBt SRR BF Breed v Brar it 1o

the desi gpondgld Mipiptied F\e d’%@lérg@g& oc%@é@withzhe t)é‘triﬁﬂﬁ%gl%sté}ﬁ%ﬂ t, the

invention relates to a close ow control sys rcontrofling a
nmedi cal Bthiededlel i very system The nedical fluid delivery system delivers
a fluid froma reservoir to a delivery point associated with a patient at a
desired del i vhrstillesmotheriagpect, therinverdionaelates toubsystamdomaaliverdng & ifluidd
delivery_system: includes a delivery nechani smoperatively connected

bet ween ¥9/B 3 E©SEMVAHT tp adefiverneoipbassasiafed withia patirnt @épidesired geliyeidi sm i s

Vi et he iR Sp A igpdine e SRieBTndTes 2 ke et e. The |

I d- | - [ it i fl
censor chanayeicriicid bENCTHEEHNER o0 gkl B TREBPERY i ng an
actual fhewhdrasm i®tohdttickéd'bAd bitah§ed ftﬁ%f&cﬁ&él?}jieﬁvfbrm&}ﬁeﬂﬂﬂj thge provi ding

an flow rate indication reflecting the actual ow rafe. reader

associ atdaadivent poihtwa ios atimisisiation fwberst iz cdrit@iiabRrastput ks ratesAt he 1 ow
rate indication and provides a flow control signal reflecting the flow
rat e i ndilesad-loap cantrelsysiasn centrels $ucdatpatfion rdte oh theddglivenrmedsartismi sm
recei vesll_ano\ IS Eesponsi ve to the flow contrgl signal for controlling the
out put f pged-laor canrofsystory ipclydes amositivedisplacement flow sensafe 1 ow

control 3BBetedHSiRe Wik'tb BanfibRAlor tBY BPiGeimin St SXUEPIOW rate of
the fluid in the administration tube and for providing an flow rate .ind ication
reflecting the actual flow rate. A reader associated with the positive displacement
flow sensor receives the flow rare indication and provides a flow control signal
- reflecting the flow rate indication. A controller associated with the delivery
mechanism receives and is responsive to the flow controllsi_gnal for controlling the
output flow rate of the delivery mechanism as a function of the flow control signal

- such that the output flow rate is substantially equal to the desired delivery rate.
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equal to the desired delivery rate. ¢ 21 Decenber 2006 In yet another
aspect, the invention relates to an adm nistration set 20Dedtssbdr2006
connection with a fluid delivery systemthat is arranged for delivering a
fluid from a reservoir to a delivery point associated with a patient at a
desired delivery rate. The fluid delivery systemincludes a punp having an
output rate for delivering fluid fromthe reservoir to the delivery point
and a controller for adjusting the output rate of the punp such that the
desired delivery rate is substantially achieved. The adm nistration set

i ncludes an adm ni stration tube for providing fluid conmmunication between

o 1 ocated ol S othe b B FubR el B bt DuTR B Sy o bt ng
posi ti oneg cofitrbit 8 rEMEMHARLIRRY e Phé Middicabilid deiBR, syafih i strat i on
tube. The positive displacenent flow sensor senses a rate of ow of the

fluid i ndelh@rsaélﬂumif&irh@trb@érvbhfb@a&i&@lv@‘??@irﬂta%odafeﬂwﬂﬁbéti@it@'ﬂ_é' that is
indicative of the sensed rate of flow of the fluid in the adm nistration

t ube suctesireskdelivary ratenvia@inl asimiaigiratiorstublee Thanpedical fitid delivetysyptemp as a

~ . function of the flowrate signal. |In another aspect, the invention relates

to a posincluges @ dglivatydneenanisrsppresativelyconpecied batweentedeseryair@ndn ﬁ

dical f£lujd infusi em that i ncl ud dni pi stratj i
- adm ninEdeved; P EnS YR oiétinaaikin Brchefietel MARFRGEBE conpr i ses a
housi ng Héweﬂﬁ%?r{é ﬂqlb% 1R dlivBR it \RAJHegénquﬂfsttratigﬁgjndet”él}gaL gcﬂﬁ%pa&lét | et

ports are operatively connecte 0 the a nistra ITst rotor

I's posipughrdiow rhtd) TRecheEg!vEh REW ROl Bestbil RkiudRE s Aosltildie outl et
port. A second c 21 Decenber 200 WO 2004/ 000394 PCT/ US2003/ 017740 -9

rotor i sdipplacémentifbwsélisor cohredtod fi-ige With teeadmindstratbatulpefor and t he
outlet pgéttefmining an actual flow rate of the fluid in the administration tube and for
providing an flow rate indication reflecting the actual flow rate. A reader
associated with the positive displacement flow sensor receives the flow rate
indication and provides a flow control signal reflecting the flow rate indication. A
controller associated with the delivery mechanism receives and is responsive to the
flow control signal for controlling the output flow rate of the delivery mechanism as a
function of the flow control signal such that the output flow rate is substantially

equal to the desired delivery rate.



the i nv

The second rotor is positioned adjacent to the first rotor, and the first
and second rotors are constructed and arranged to rotapeDebembs{@m6e to a
flow of nedical fluid in the admnistration tube for detecting flow of the
medical fluid in the 5 adm nistration tube. A cover encloses the housing
such that when the nedical fluid flows into the inlet port it causes the
first rotor to rotate and thereafter ghe nedical fluid exits through the
outlet port. Alternatively, the invention may conprise various other

devi ces; nethods, and systenms. 10 Ot her objects and features will be in
part apparent and in part poi nted out hereinafter. BRI EF DESCRI PTI ON OF

THE DRAW NGS | lustr .one enbo of ,an.i.nf.usio sui tabl e
for use in 10 5 anelier 43peet FR/SHBE IR ar pplithn <o sE L5, &

a~bl ock di ‘,gﬁng tem

sui t abl eqfcgghggi&{wmggr@?é??kn W){s"iﬁ’érgﬁh&nﬂé |capb§$?o ﬁeﬁ%@%?\lh&fﬁé’p’ﬁ such as
the i nf usteyerising Pleledy pdint A6RIALA ith% ﬁéﬁ&ﬁfaﬁa%srré@démé@waten Fig. 3A
is a flowchart that illustrates an exenplarynmethod of delivering: a 20
f1uid tolke faididefivery systemvindiades avunhp hadhg aadutmutpatel fordeliveting fluidr ocess,
swtable for use in connection with aspects of the invention. Fig. 3Bis a
f 1 owcharfforiag reaammﬁtpath@deaferw@wbaad @ qontralier for acdiasumma@tmmd rateeporti ng
a bl ocka e{\éloccl usi on nf usi stem in accajrda ce h aspects of

S Rlimpe i hBu RS deSied uRlvy Pt st B antall ohieyedatben ot ow of

cl osea- 1o RatPn Bet nbfles ERRRRIa A Betor 581y BP0FTG ' 2" 21 Docemper
2006 WoofihRaANSH befrebinhia288ei i ahthe ublivdry boj rf{BAip%sﬁwéChe”Ht e

repr esentation o view of one e | men
displacement flow sensor is located along the admmlstratlon tube and is sized

and shaped for being positioned in fluid communication with the fluid within the
administration tube. The positive displacement flow sensor senses a rate of flow
of the fluid in the administration tube and generates a flow rate signal'that is
indicative of the sensed rate of flow of the fluid in the administration tube such that
the controller adjusts the output rate of the pump as a function of the flow rate
~ signal. |
In another aspect, the invention relates to a positive displacement flow
-sensor for use in connection with a medical fluid infusion system that includes an
administration set having an administration tube. The bositive displacement flow
~ sensor comprises a housing having an inlet port and an outlet port. The inlet and
outlet ports are operatively connected to the administration tube. A first rotor is

positioned within the housing between the inlet port and the outlet port. A second



fl ow sensor suitable for use in connection with a closed-Ioop flow control
system such as the systemof in Fig. 2. Fig. 5 illustpatesembecda@epl ary
process of manufacturing a positive 5 displacenent flow sensor using a
hi gh asp®€x20p6800304 i t hogr aphi ¢ pr oces? Fig. 6 illustPal/@S203 0 ¥hpl ary
process of manufacturing a positive displacenent flow seasor using a deep
reactive ion etching sequence. Fig. 7 is a top view of a cap piece,
- suit abl esthpls pEHidribCRIMNAThE ABUYg betwe@otic inlet pditspidihensiilet pbdw r at e
sensor, 1in accordance with aspects of the present 10 invention.
Cor r es pghgigegone fretoe icposiiteneatadiaceritridittvafiest cator, esyidhei firgt 2 saconchr oughout
t he drawi ngs. DETAI LED DESCRI PTI ON OF PREFERRED EMBOD|I MENTS 15 Referring
now to téterdammorgsruciidgnd arrangedto rtate i respansedo meiinw of meslical fipigsi on
. punp-100 suitable for use In connection wth aspects. of the present,
i nvent i onthe administrationdvbefadaiseing flow pftbe medsabiid ideL00 conpri ses a

G Sph ay 2o BEREaID e AV AIHES AR GOU08, R d O PR M A 06 - and
n usi oA B0 Skl polioh Padb e Fi Yol 7 kithist g bafiGhe’ 1re.

roci cal Med el Bt Rt PRSI, 2T DT acket 110 attaches The syringe
al 50 att achelTsEHEE fid Aol RiEY el v e o en &
syringe spHURERIMmd14.. A . driving mechani sm w thin-housi.ng 102 is.constructed

and arranged so that the novable syringe driver 112 can drive syringe

“pl upger 114 igther 6[?@0@&11@@3&&&@ witbise irbpart @appaféiit anddn ant pakhtieddidi r ect i on
along barrel 108. 21 Decenmber 2006 WD 2004/000394 PCT/ US2003/.017740 -11-

hereinafter.

- e BRIEFDESCRIPTION OF THE DRAWINGS: . -~ msorpss fmstiiesis cum
| .. Fig. 1 illustrates one embodiment of an infusion pump suitable for usein™

. 15 . connection with aspects of the invention.

<Figa 2 is-aiblock diagram of one, embodiment of & closed-loop oW control -
) -s_yst_em- suitable for use in connection.with an medical fluid-infusion pump, sucti-as
the infusioni-pump of Fig. 1, according to aspects of the invention. -
D N . Fig.3Aisa flow chart that illustrates an exemplary method: of delivering a
- 20 I_,ﬂuid to-a patient in accordance with-a closed-loop flow control process, suitable for - '
" use in connection with aspects of the invention. |
- Fig. 3B is a flow chart that fllustrates an exemplary method of detecting and
- reporting a blockage/occlusion in an infusion system, in accordance with-aspects |
~ of the invention. |
25 Fig. 4A is a schematic representation of atqg view of one embodiment of a
_ flow sensor suitable for use in connection with a -cbsed—lc‘}op flow-control system,

such as the system of Fig. 2.




Qperationally, a user |loads a desired anmount of the fluid to be
~administered into syringe barrel 108. Syringe barrel 188Dkseributoed to
housi ng 1@%?/&0?70&%&%& 110 and plunger 114 is noved into position within
barrel 108. Tniuston punp 100 is attached to a patient BRQDUE301774 hunan
patient or a veterinary patient) via a'% channel such as-an intravenous PVC
adm ni stration tube 122. The user enters the desired adm nistration

pr ogr am on “coRig 4B ipansdhehdfticnrpréddntatichoP : : nt of
pl unger 114 via driver 112 to deliver the f?l%?ac?l\?gwt e %E&jing?l n@l\f%z%

pr ogr ammiiev ensersyitable foramerinspandttiun with td@o@ﬁdﬂdbfﬂé@doﬂﬂo%)%@érﬁm To
this point, the description of infusion punp 100 and its operation in 10
connecti%%ﬁwep%kﬁt@ﬁt()flmﬁime% been generally in accordance with known

i nfusion sys .erTE._ In other words, fluid delivery is controlled in an

open- 1 oop fasHPor Iusiades B8R exeqwiany guoeess glunanufsictiving apegitivd t o act ual
flowgr at S Line %ﬁ?]4 di{il%ﬁramat ically illustrates a cl osedoop infornmation
feedback-%%iaﬁe FORIAWSESGPT UsiRg aiigh Gspeckratiedithograpbis piocessl f or det ecting’
aflowrate ig.t al_a _point 15 between infusion punp 100 and pati ent
120.: O osed rf‘%b%ﬂ@‘ﬁgf%f%ﬁ '&??‘EG‘P&%H*"?‘F% of; magwiRgiurtng a poaitiveedback pat h
I's disc g ~d .l in;conpect.ion wwith.Fig. 2. -Also, and as

al so di gﬁgggﬁﬂsﬁf g@e’%b gg&ég%'gg ﬁ%ee%o%ach‘é%w E{Cg‘f“%gw- flow,

i nformati on fRe : - IS sion _detectiqp i nstead of
or.in additi o%djtog‘&%f %%/v\?fr‘?g.{r%p%gﬁl? ?’51% g@%’&?ﬁﬂ’%‘ﬁ‘ B‘P'Hb‘ff??'aﬂéfﬂ t hat
schemat ipoaitive displesémahemow 18teEiRel : - | ow congrol
system spgiat abl e l:gor use in cgtnnect ﬁ(l;ﬁﬁv'%tcf ;dﬁlc&q@ﬁggp%ﬁag%&{hq Wieﬁ‘?f‘%)n punp;,
suchOas inventibanet ri ¢ or anbul atory type punp. It should be understood that.
a syringe pu& does not "draw'froma reservoir. Rather, as shown in Fig.

1, the pl ung&orssspanding rejerepoepharictersindichtecePERIomRiing E)Qﬁé’“t- put. 25 fluid
to the patient. For present purposes, such differences between a syringe

type pHHpYOhoU theidigwindse and ambul atory type punps are not substantial,
and _aspects of the invention may be enployed with each of these types of

DETAILED DESCRIPTION OF PRE—FER‘RED:E-MB&)DIMENTS
15 -Referring now to the drawings, Fig. Tillustrates one embodiment of an-. -
“infusion:pump-100-suitable foruseiiniconhection:with -:aépe‘cts' of the present "+ -
- im{en_tion._.‘ In the illustrated example, ‘the-linfusion pump-100- comprises a:syfinge-
type infusion pump. Infusion pump 100 includes.a-hoﬁsing 102;.a display screen
104, and a. control.panel 106. The control panel 106 and the display screen are }
20 . usedto-enter set-pqint data for-operating infusion-pump 100 and for monitoring.the -_
operation of pump 100.
_ -The-, infusion' pump 100 also includes a syringe barrel 108 for hoiding a
medical fluid to be administered. A-barrel bracket 110 attaches the syringe bafrel |
- 108 is attached-to the housing 102; A movable syringe driver 112-is also attach’edr
25 - to housing 102 and is positioned in engageiment with a syringe plunger 114. A o .«
driving me‘chan.ism within housing 102 is constructed and arranged so that the
movable syringe driver 112 can'drive syringe plunger 114 irito- (or out of) syringe

barrel 108 in a controlled direction along barrel 108.



WD 2004/ 000394 PCT/ US2003/ 017740 _12_ ~.-in particular, Fig. 2 illustrates
a fluid reservoir 202 connected to an adm nistration t2h@®e20hbes200B0s 206,
indicate that a fluid flows in the adm nistration tube 204 into_the
pati ent . WREWHI8EHat i on tube 204 is aqperatively connecPEHYUSHUYR740f usi on
punp system 208 that is positioned ar’ ng the adm nistrati-on tube 204. It 5
shoul d be understood that the position of the infusion punp system 208 and
the nature '@Bérétbﬁlﬁ%llg,fa aesr1esds adebirédvaatoun b theofiuip torhe 20@niaistbred
adm nistration tube 204 will often depend, at least in part, on the
parti cUhy syrifitRe BarréInfassi Syrinyenimrred d@8 is imourtied itd hassing1182 vénbradketnt |
i nfusion punp. 208 includes a punping delivery mechanism 210. As will be
expl ai net) and phureetetta ib nhateohvinto prasittorawihin harrel d0g. dafusonguwpp 10
- mechani snms that may be enpl oyed. For exanple, the p_ung/i ngc_ chani sm 210
may conpratisehed 49 @ pajient 420 é2.9dra mgn Raliont eige vaIalAger PFUSNY VId @ i nge-t ype
I nfusi on punp. For present purposes, it.is sufficient_to note fthat the :
pundi ngehastiehsHeas BN m&r?&@m%ﬁ’@tﬂdéwatﬁtr@@?aﬁ%e Fgé] gbﬁlutSS‘- PRt&E? INF ust i ng
a, florn+;, rate.of the fluid wthin, adm.ni-sfrati . ( o conform
W th a eesiracadminisiatol Rogrm RGoRlol 8?%9'2'@?5%’% @%SW?@B%@S‘?O% in-1ine
wth admnistration t r-2Cel : R j
rechan GO g oRampHE Aiiod 4 ETAVEFTI2 R dblvering MBS MEPSRRE
214 and_an Labans AQL > Hawi fluid at
the f|oe&aér"gf%*ﬁf%ﬁw?‘%’g%“%‘%@E%fﬁp'@ﬁ“ggﬁﬁ’é%@ﬂﬁé%H‘%?%“?ﬂﬁwg’?‘o@?’g‘éi’ﬁ?| owi ng fl uid
at its out -pw?m%tp&%?théﬂbébﬂﬁtim?ﬁﬁm puffir 00 Shd as opBratidntinbe 204
-gonprises a plurality of IV,tube pieces. A first piece of IV tube connects
| PUMY NOeRfABh M2 ASLIG R 120MHs it géictaliyih accoedard wiite keowf infsibnbe -
connects output port 216 to a delivery point; associated with a patient
220. O $pstefisoun otieasivogisafinid niglivenytis cankeoleskisi a1 eperFloopdraliipie; flow rate

sensor212 could be located entirely within the IV tube, 25 |t should be
under st baskd bat, désired saipioitwithont reaasd o pafugbflow ratesp L9 124  runs froma

ow rate

- reservoir to an access device through an admnistratio et, flowrate
: e ) "o eedtba%k"pa& tsrom a'ﬁ ' e Y.

“diagramatically illustrates a closed=loop-information
sensor 126 that is p’oéitiohe"d for detec'tinéla flow:-rate in tube 122 atapoint .~ +

15  between infuision pump 100 and patient 120. Closéd loop-controt using such flow

i — .~ information in a-feedback pathis-discissadiingreater detail-in confiection with Fig. -— -

| 2. -Also:and as also discussed in greater detail below, aspects of a sensed flow:
information feedback system can be used for occlusion detection instead-of or in
addition to flow rate control. -

20 - - Fig. 2 is a block diagram that schematically iIl'uétrates one embodiment-of a
closed-laop flow control system suitable for use in connection with an medical fluid
infusion pump, such as a volumetric or ambulatory type pump. It should be.
understood that a syringe pump does not "draw® from a reservoir. Rather, as
shown in Fig. 1, the plungerof a syri_nge pump acts uponithe reservoir to output |

25 fluid to the patient. For present purposes, such 'diff_?rences between a syringe type

“pumps and volumetric and ambulatory typé pumps are not substantial, and
aspects of the invention may bé employed with each of these types of ihfusion :

pumps.



may be neasured at any conveni ent point al ong the path because the flow
rate is the same-upstream or downstream of the punp. FaQr{ examyee 200de 1 ow

rate in AkoDes@iihey 2006 WO 2004/ 000394 PCT/ US2003/ 017 -
adni ni stration tube 204 of Fig. 2 jusf,.below fluid rese%é%’ursz‘%%@r{"éo equal

to the flow rate at I nput port 214, as well as at output port 216. Sone
I nfusi on punps metering and di sconti nuous systens), however, fill a

def i ned Vol uh%parhﬂulan Hige Rdliusiatesea Sinchiaservaiti2 eprndated tpanp t hat f1 ui d
out, overti.ne r the delivery 5 profile. Further, an anount of
Gir Gibe P fr ke

conpl | aRgBMElFa rqwg2U6dadisete thal s fhid flows inthesedminisizatigror e, i n
Gownst - Bl 24 B3 the pfedh, fcipisky a't*?ﬁ t%"h%hﬁgt'% eﬁgratlﬁgffd%b%évﬁ{%é%&ﬁ? i
Eieigf)ggﬁf“%lﬁr%”m SR At B MG RRRG 4R¢ AemifiEad Se&[ﬁa#ofﬁo'tsystem |
208.5 |

of  conpSian bk deiRRiehAthe deRlioh o (B RIRSIRPiho SPpfh P SBiug, ' Y

“val ves) natur@ enbiaype ef comiBitibe b%ﬁﬂ@éﬁ 'iﬁfﬂélén Ip?;’?&; EE@ ahl ka%mlﬁ}é'ilgtﬂgﬁ ’tHﬁJ%e Sel

grated

can i nclude a' reservoir; or the reservol e separate

i t h- t h204 olill bhendehedd, SNede@ iIPpatt Bﬁ&h@ﬁﬁﬁﬁﬂéﬁﬁﬁ of ﬁfuﬁ?@n F)hmﬁ figdg sensor

212 prow des an indication of an actual: rate of

- admi ni skrtheiilusttatbe eRibbdirenty irfusiohqiinieR08 iidleded 2ba gelivery 1S @
- positive displacenent flow sensor for providing a flowrate si gnal 224

r epr esemechgnisiha1@.c Asavill beexplained bf mireidetdil wlbwgthiere afhnvagietyasi on t ube
204. It is to be understood that there are a variety of ways that flow )
ratld scPmpingmeshaniams thet may be employedwhorexagipimdhe pRMmpikpr exanple, -
flowrate en.sor?%q’)LZ can be constructed such that a varying optical

cont r ast*® 8 AERLL Y MY QQrgprige @ §Y@'89féﬁiﬁ‘t’%"djwnﬁ AsYringavpbingerimad. Exenpl ary
t t ds f di h t | di d
Th o e spADRRF NS e, ERpIESRH BiiBashsol .l%?f? C'g'f"isflé’\%lqatﬁt*garfg’@ﬁslt)fcu;ig

. = conpri S&ﬁnﬁ;n@%ébl‘f&‘ngﬁl"ims claﬁi’rbpgolgféd?ds?gﬁl 5RborRe g7 gl(!ij?.lg Ing. aef[o%f)

rate of the fluid within administration tube 204 to conform with a desired flow. rate. o

15 - - Aflow rate se,hsqr 212 is located in-line with administration tube 204 and.-

- recelves-the fluid through pumping mechanism.210.. The flow rate. S@_ﬂSQE’-#&&%.,-.;.f;;;::;_i e
_preferably includes an inlet port 214 and-an outlet port 216. The inlet.port:214 ..
receives flowing fluid at the flow rate provided by pumping mechanism 210 and.. B
provides f_{owing fluid at its output port 216. In one embodiment, édministratio_n_ . 3
20 tube 204 comprises a plurality of {V tube pieces. A first piece of IV tube connects
-‘pumping mechanism 210 fo input port 214 and a second piece of IV tube connects
output port 216 to a delivery point associated with a patient 220. Other flow -
sens:ng arrangements are posmble For example, flow rate sensor. 212 could be
located entirely within the IV tube _
25 It should be understood that, in a typical continuous infusion pump, fluid K
runs from a reservoir to an access device through_e;; administration set; flow rate
may be measured at any convenient point along the path because the flow rate is

the same—upstream or downstream of the pump. For example, the flow rate in



25 A reader 230, such as an optical or electrical signal detector, is
preferably positioned adjacent flow rate sensor 212 sughpb&atbdrtzos@n
receivel detect flow rate signal 224. In turn, the reader_ 230 conmuni cates
the det eWO0490834 ate signal 224 L to a controller 2BETYSYO3 017740
comuni cation path. In particular, rédder 230 receives 21 December 2006 WD
2004/ 000394 PCT/ US2003/ 017740 flow rate signal 224 fronrflow rate sensor
212 andagsimbirgSoratibe@U4csiHiG.OP just beRiw A3id rbsevbie 2021 eqlihkio tR8Zlowl t shoul d
be understood that the flow control signal 234 preferably provides
'subst antataldt ynpguteaosiadrel, iasfweiines aboutpst poré 2flBoBonze infusign pumpdAe-gn
i ndication of the actual flowrate of fluid in tube 204. For exanple, in
one 5 entedeiireand digventimuwscysteras), sioweser, 4 defined widmerd floid fiemea pul ses.
In such an enbodi ment, controller 232 is progranmred to interpret each
pul se ateserir.ansoihareniier surprthrbiuidauirvestingg, @cgordingihe dqlyegh sensor
216._ Accordingly controll er 232 can determ.ne, the actual flow rate sensed
in tthe REFfl® EHFher. &R et °$§°H‘H“QHE?P@V@f’Stth"'ﬂnarFﬁ%E’Oﬁﬂ‘bi%ul ses received

o voRdrin ook e e BB Ao B kP Wi B m g™ =1
1 ow vol | Ovi | R N
of the G LR rAEs Rt BOMARREHR of WYLAIE ahd kBl B siaht, | 12 ' T ehder
230 and CO”&LQJ&%%hb%%ﬁﬁ@?ﬁ&iﬂ%@eﬁoﬁ‘f@?t&dﬁ@@ﬂ‘hﬁ&‘ﬁb%afé‘%r 236 1n

anot her 15 e nment, comuni cation path conprises a wireless (e.g;,
R RFcoﬁﬁgﬁéé’barﬂéf%ﬂibﬂi@éabl&@ﬂﬁ%ﬂ' 5@afiorPSet tRARIEMRbUrASS in THIBsIBA PBhgSS
channel , 238 maybe- advant ageous, for instance, in systens in which flow
ratg sespstem?d(8.andhotld Heeatkarssd thata ldispaisableadet @odidshalnde o variaty
control l er 232 and/or when physical connectivity is undesirable. One
exenpl aofcamnpehests iccuding) foatkampls) vahvels (agp sn@atly whassst valves)i r el ess
technol ogy. BluetoothTMis a wireless specification froma trade
associ aspesializidiesmping enmplemgsts, arddbadkel Further, haysebeatinsludgd | ow pover
specification, operating in the unlicensed 2.4 G4z .spectrum and using. .
- 's"pr"éad"T%?f%\if?‘ﬁmﬁth?‘é@ﬁ?égwpcwﬁﬁi‘ﬁ?&afaé%mﬁ‘ﬂd{] rated with the set Prolgh 2" T

spike or other-connection.- :

15 - The flow rate sensor 212 provides .an-indication of an actual rate of flow -

et withincadministiation tube 204 In-one embodiment; flow rateisensor 212¢isa*
" positive displacement flow sensor for providing-a flow. rate signal 224 representing
the actual flow rate of fiuid flowing in administratior tube 204. ‘It is to be
| understood that there are a variety of ways that flow rate sensor 212 could provide
20 | the flow rate signal 224. For exampile, flow rate sensor 212 can ba constructed
| ‘such that a varying 6ptica| contrast or electrical signal is generated by the flow of
fluid. Exemplary structures and methods for providing such a flow rate signal are
discussed in greater detail below. Further, in one embediment, flow raie sensor |
212 comprises a passive device, h'aving no electrical conlnections- thereto.
25 A reader 230, such as an optical or electrical signal detector, is preferably
positioned adjacent flow rate sensor 212 such that :t can rebeiveldetect flow rate
sighal 224. In tumn, the reader 230 communicates the detected flow rate signal 224

to a controller 232 via a communication path. In particular, reader 230 receives



The controller 232 is operatively, connected for automatically control]ing'’
25 punpi ng nmechani sm 210. This is illustrated schemati cal hacenter 20N

cont rol ‘gb%@m 33%9 on |ine 242 between controller 232 and punp 210. It
shoul d be ¢ “"Understood that a w de varjety of devices RAY/USN@1734
controller 232. For exanple, controller 232 may be enbodied by a processor
(e g., a mcroprocessor 21 Decenber 2006 WO 2004/000394 PCT/US2003/017740
-15-  or-flave rfesignal 1226 fyom dioscraés sehawi 21 Tamp smslics: a AOR! dogiftb gggépeci fic

ci rcui tril programuabl e | ogi c devices, analog circuitry, or coibinations

t her eof 234k thercongollpp23?.- shetllcbberpnderstabcdihat tie fiow lceftrbysighalusi4 ng t he

notor rotatjion rate or a cycle tinme associated with the notor. If a
certain W?{%aalﬂ’ AURXIEeD sbstaptially the sneefoyaatjon as trexBiowrate signdlr ol may be
Al so- bo 22 DN RS oo datit] Fefiele ofmylan Lircs2Gax Enpbsampian abbl o1 252
(and or Wbt e et gighey 204 Zoliniee eios ol Bvpecimsah I one
For  pr o scametl, AR 032 BISG RPL  BoS pafP dee o, Status

providing | _ o AR 8. status
and i br ot g hand oo TRl voARe AR D hihuaf Flntor 26 AscaBiteiVior o .

buzzer s cORpPOREIIR caPIPRirG thesdaR fow F.s&é%e@e&% &%--&%ﬁgét{q‘f@?mg@ way of

t el ephones), personaldigital assistants (PDAs), and the

~one speasfa funeliampf the mumbendl pulse@Sadend few raBdél 250N ﬁi&;@taﬁo ' cause an
audi bl e and/or visual alarmto be activated if controller I'S unabl e t-0

cont® ol ephagiment, vo indisatiwre oftheeslimelativé downalieme elivereddepbliled pyan occur
I f an ogcl usi gn or blockage in admnistration tube 204 prevents an”adequate
f 1 ow of 18 ggbet of palsesmndan indkafionofithe dnstaratanagus flowudes gonpl et e

bl ockaggs, as | .as,20 partial blockages affecting flowrate. Alarm
. conditi@%@r@é{w\-,d\géy Hieotingiasiedias the pulses. | e mee

st e Inone embodiment, the.communication path between.reader 230-and . -
~ controller 232 comprises a wired comm_unicafioﬁ channel 236..In another . -
== =13 embodiment, th,sag,pqnimunicatiqn path comprises 'a.;w_i,re_l.ess,.r(-a-g:-.,-_!FRV,. R.F;-,and!.o_r .
. the like)icomml;lI'IiGaﬁQﬂ-ChaHDé‘.'~238¥"@hﬁfWiﬁ@L&SS;_Ch_af:m,ef-.23.,8_-.-may;.,:beﬁ.-f.::v1:'-‘:;‘-,.1;:
-advantageous, for instance, in systems in which flow rate sensor 212 andfor--.+; |
reader 230 are located at a distance from controller 232 and/or when physical -
. connec'._tivity is undesirable: . One exemplary wireless communication channel uses S
20 Bluetooth™ wireless technology. Bluetooth™ is a wireless. specification from a- |
' tfade_asquiation, Biu:e__tooth- SIG, Inc. In general, it is a low cost-and low power-
specification, -operating in the unlicensed 2.4 GHz épectrum,- and using spread
spectrum frequency hopping techniques. | |
The controller 232 is operatiiv,e_ly*connected. for autbmatically controlling:
25  pumping mechanism 210, This-is lllustrated schematically as a pump control
-gignal‘ 240 on line 242 between controlier 232 .and ';;;mp 21 0; It should be
. understood that a wide variety of devices may serve as controller 232. IF'or

example, controller 232 may be embodied by a processor (e:g., a microprocessor



et gnal ‘Exainpls CHT ehéos. @ageis. NobI:

| occur for a variety of other reasons, such as when the fluid supply in
reservoir 202 becones depleted to a |evel at which punp133legaBr Fang onger
deliver the fluid at the desired delivery rate. It shq 2 reci at ed,
however , MOZPHOIH,s i ndications other than failures SETﬁﬁ%¢B 88
operatlonal conditions may al so be pHSV|ded. For 25 exanple, a status
signal could be used to provide an indication at a renote nonitoring

stati 0%%;&8@0@%1@%&&%’:&6@%& bewoweﬁtsa appheitivarspeatiicaatcutry, r egar di ng
the operation of the system Simlarly, sensed flowrate information can be

used top %ér@ﬂﬁﬁﬁi@fog?&@@ucél@a&@% EIRARP FPCHMIBRARIsahamed. FutiBerra i ci pat e
e

when th | uid supply will be depleted, such that a suitable indication is
pr ovi deghotor-lsebeanmenyp coaluicie evrintlledAry acmasizang theainoter setaition satet drea
closed-1oop flow control systemof Fig. 2 is now described. A patient is
oper at | syallg timermeociaded withdhe miator.alfiaosertai ypeodf NeM$-based pumpdscat het er
inserted at a desired delivery. point associated with the patient

‘Resér voempmdcmt@samfe qanfiolimay heeachipyed By adiusting tlaep,’gegg%n@h@ And is

.operatively connect ed to adm nistration tube 204 and punpi ng nechani sm
210. A wiezposallalini very rate is entered on a control panel associated with

ngefg{rgoc(jstﬁ]a? Sb!%ﬁ{“} B?rgﬁﬁ‘?ge i?i@gé'ﬁ%d Bqlg c{e %é?#@é Slgoét)eﬂr:grtée)% Bt ovi de a

12! o SRR 25 Afed PSSPy AR EBnfba o, ghspiky 2B 100
repr esept iy, Y\ﬁi{jgez;@%h%ﬁﬁef% 48!d safus mahi@oﬁﬁa &&nbs nali wOne tfdsma he flow

control " signa for contr II|n the-system , . . As punp 21.0 causes

theyg | Ui étQtLQQnQﬁlltdﬁfr@ @é\né@294lfcbﬁﬂinsé§Qin\/amjﬁilela%rﬁﬂéyste&ﬁfof beovidiage sensor
212 senses the flowrate of the fluid in tube 204 and periodically (or

- cont i nugsiudiblealapinaihghé levent eftenmilfgnetior? 28tatud imoitosng device &pddeagct ed by

reader , 230. For exanple, if flowrate sensor 212 is construct ed and
arr angedisb@qmmsedﬂhanamqhm viatials aydighvisurli ard vibratig dﬁéc%ﬁ;&tlmi] as 17y rat e of
fluid, reader 230 conprises an optl_cal reader. for. detecti.n optlcal

7 ZEIS; speakers -CoOmpuUters,
telephones (e.g, cellular telephones) personal dlgital ‘assistants (PDAs) ‘and the
~Ah o Tike: By way of one -s‘p’e’c’if ic eXample controller 232 prov-ldes--an alarm szgnar.to -
* control pump 21 O‘tda‘chie\_/e- a‘désired flow rate: Such'a condition ‘canoéeur if dn
‘occlusion or blockage in administration tube 204 prevents an adequaie flow of fluid
-. , ) to patient 220. Such a 'blockage may include complete blockages, as well as:
20 - partial biockages“ affecting flow rate.. Alarm conditions can be programmed to' -
e ‘occur for a varietyfof' other reasons, such as when the fluid supply i reservoir 202
becomes depleted fo a level at which pump 210 can no.longer-deliver the fluid at
~ the desired delivery rate. It should be appreciated, however, that status mdxcatuons'
| other than failures or improper ope‘rational conditions may also be provided. For '
| 25 example, a status signal could be used fo provide an indication at a remote
“monitoring station of the current sensed flow rate o‘rfanothe'r indication regarding

the operation of the system. Similarly, s_ens‘ed flow rate information can be used to



20 sensor 212. As a further exanple, in one enbodi nent reader 230 .
illTumnates flow rate sensor 212 with a light and exanpyescéhsed 20pbt
reflecteg,éf% 5 {) ow rate sensor to determne the flowrate S|gnal 224.
Reader 2 erearter provides flow coggrol signal 234 tREUBHPYNTLY 232
This flow control signal 234. is functlonal ly related to-the flow rate,
signal 224 and, 25 therefore, provides an indication of the actual flow
rate of anfigipate when e flgick sugpiy witkbe depletarh stich thatra &@Rabils irafiatiohds Moni t or
the actual flowrate of fluid in tube 204. Wth this information,

cont r ol PERVigaDin advce efgvsheavenh. cl osed- 1 oop control path with punp 210.
In other words, controller 232 executes a control schene for 21 Decenber

2006 | WD 200 gHonRl-pXaEnie of therqiased -I?P f@fé%@@ﬁt"@'rﬁystﬁﬁ'ﬁ cﬁdﬁlgﬁ Zisnt ro: _
1 ow v afigw ASSHELT AR BrP el Shogeesic” aCfFB'PéStEé‘?f)lS-tQé!?éetﬂgt(&%tegat he
schenes Ve LRI Ingon 8 é%&%ﬁ?#@g 1ok BB opBeEhf e Pt 5
anpl | caRedBvdt 20PHoMBINS? AR D QIRRMERY e DUIBAE Sr P[B! OF

degree of accuracy in terns o aneous
appl i catbmiscted to BBMIMSE ﬁtﬁﬁdb@bi nal of the
total volune of ? uulj Hﬁ?used |n@s?'ﬁ‘?P89@qrf9§}P’e§§§ng{??%ns (?é%ﬁ%rcr’ay be

desi rabdeh\levymﬂal|§lembredmirf@bonﬂ‘oltﬁ%m@a§éod?é’cbh with Z%ﬁ? % ate and
total volune. Qther variations are possible. 10 The degre éur cy with

r espect 1) olndisigt ook iexgmipleyit isd6 beaatichstowa thatcsontds pandli 105 4@ Rispkage For
exanple, if gross accuracy (e.g., +/-'15% is acceptable, the closed-Ioopy
't edébackO4 snopeiate upwvite diusebinterface todatiitate eptering setsicintadatafior ol ’
- panel -i $ H{ or b elimnating flow rate sensor, 212=fromt heF.

“admi ni s¥¥& Od"bﬁ? @%@Hﬁ%’?b@&m%ﬂts@rﬁ@ll@c RB2wsesiset-pojni saiang.

rates and-so on. On the other hand,

e debbe %‘{’E i diiad i e et comtingten b (hedgw contial2e | ne
- cont ro'élgﬁ?l'%%tpfeﬁf g)hﬁghlé%ﬁéggstemd/conf | gured to tlght ! y cont roI the i e

unpl n
’ ”p ’ As pump 210. causes) the fluid to be dellvered to patient 220 via tube 204,
15  flow rate sensor 212 senses‘the,ﬂew,,_r_ate; of the fluid in.tube 204 and periodically -
=== {or continuouslyyotitputs flow rate signal 224.which is- feeeivedldetected by: read'erz';zﬁg'_izizi‘T-"-‘ :.:. :
:230. For.example, if flow rate sensor 212 i‘s.constr.ucted,and..an'anged to provide
an optical signal indication-of the actual flow rate of fluid, reader 230 comprises an

optical -r.eader for detecting the optical signal indication generated by flow rate

gt

20 | sensor.212. As a further example, in one embodiment reader 230 ililuminates .ﬁow .
-rate sensor 212 with a light and examines the light reflected by the flow rate sensor
to determine the flow rate signal 224.
| Reader 230 thereafter provides flow control signal 234 to controller 232,
ThlS flow control signal 234 is functtonaﬂy related to the ﬂow rate signal 224 and,
25  therefore, provides an indication of the actuai flow rate of fluid into patient 220. As |
such, controller 232 is able to menitor the actual ﬂov: rate-of fluid in tube 204. With
_this information, 'controll_er 232 is able complete a closed-ioop control péth with

pump 210. In other words, controller 232 executes a control scheme for



: exanpl e apebsatios|iemay e desirabimia en

~be manu

~accuracy 1Is

" shoul d be appreciated, therefore, that an infusion punp system enbodying

aspects of the invention can be reconfigured to. accompdpbe=rmhavgsvari ety
of 20 needs, thereby inproving the useful ness of such a system As
expl ai neWoa904003%uch a cl osed-1o0op flow control systeRFHES2He8RH 740
heret of ore, unknown in the art. Armng“”t'he advant ages of such a systemis
the ability to nore closely control the flow of fluid to patient 220. In
SONME Si [HaAbiAME thd pup@s Ebftkd Vigriti 24036 atijuenthe @lrtping adtiomedtipumranoher ,
flow rate sensor 212 is conpatible 25 with a wde variety of fluid delivery
prof i | eso thaicth dichgal Flonstasstapmebilires, bypilove astelsenspr 212 mere elogelgt her
ti me-varying and non-uniformdelivery profiles. Wth such profiles,
i ncl udi neptpds tic desifddiovw raiéi |leshouldbe pndprategd ted @ variatpepconpirelnd/ or
down fromits running rate faster than with other delivery profiles. Thus,
21 Decesthemzotsay heerudayeh clepenpiog/ upsroges.oFer examople, iBs@mew edge of
actual flow rate helps to ensure ti %htg control of the}@fpf.Ofi | e. For

toh iyl to Previde & Hondegifoboa (as

of - purmp S50y i et & ar EreuS fofRte. REr anGlRbRnst HBE dod: feo
del 1 ver yeB LS colRLERL SRR AOREA AL oF lURR ShaPUTPS o

er- degree o rty tntermns

manuf acturl ; S, o T TR A a R A tens, deliver
Ser pliGu iR iiay BE dadfableit ophhiné BB Bms of BUR B0, !

mechani Galta EABLIY SR TRRNG fotalNFhIMAE TthENPariaMonG aré Possiee.expensi ve. Wt h

“flow rate feedback control according to aspects of the 10 invention, on the
~othgy hand, Makukighse pYBDSUrASY With reBplect b cbntreliag floraiase chae varied ef or e

| ess expensive) conponents and nechani sns, yet still achieve a high degree
of accudepgndingtupomsuszigef For dxaimbley @rgrosasecuracy (g, H118%pid d be furt her
appreci ated that the tubing would not need to be as reci se and the

i nt egr agcoeptable; Hwe plospd-donb fﬁedb@gbﬁo@tr@mw!ﬂwbmdssam;r h sftwasede.qis

dependent upon the materials used in the di sposable cc_)frl]gronrlt g;g; For, o

“exanpl evia -a control-panel-inptit)-or-by:eliminating flow rate-sensor:212:from:

administration set. Gross accuracy can also be achieved by adjusting control

15 _parameters, such as sample rates and-se on. On the other hand, i a relatively: - - - -

et ephighid egree: of aCEHFATY. is desired: (e:g:; #1%:2%); the controllerispreferably: o, = T

- programmed/configured to tightly control the'pumping action of pump 210:- 1t

should be appreciated, therefore, that an inf.usion'punip system, embodying -

L) aspects of the invention can be reconfigured to accommodate a wide variety of .

- 20 | needs, thereby improving the usefulness of such a system. -
As explained -above, such arélosed:-loop flow control system has 'ineen

heretofore unknown in the art. ‘Among the advantages of such a system is the
ability to more closely-control the-flow of fiuid to patient 220. In some situations, a

| “particular precise flow.rate is .valuéble. “Further, flow .raté serisor 212 is compatible

25 with a wide variety. of fiuid delivery profiles, -including constant profiles; pulsatile

profiles, and other time-varying and non-u_niform' d;ivery profiles. With-such
profiles, including pulsatile flow profiles, the pump may need to ramp-tip andfor -

down from its running rate fasterthan with other delivery profiles. Thus,



PVC t ubi ng- provi des certain advantages in prior art-systens; CclLthe design’
of - the-infusion punp may need to be tailored to be conpapédan@enpbids such

tubi ng. Thi ‘ of engineering expense may be elimnated i f PVC tubing
i s-no |on§é¢2°°%’é@§%§ary. 20 Further, know ng the actual RPGE/ES2903/4170Mi nt ube

204 with a relatively high' degree of precision also allows the systemto
provide a highly accurate and fast occlusion detection capability. It
shoul d béﬁﬁﬁw%fm'faﬁ@tduakﬁaw sateliielpsdagensure tightereontbl @Fﬂﬁ%gﬁgﬁ]@d/pyr a
partial bl ockage. between.the fluid. reservoir and. the delivery, point

can r esukample conimleesdasan maonitor dhe actuat flow.raBiahiube POAAS et Red®
sonetinmes referred to herein as occlusions but may be caused by a variety
of cond-ﬁy iﬂ(éWsr,at‘? SENSRN AlL)Pvear e and goetroidhe pRnging action tof puRips2 totodet ect
occlusio rel n pressure sensing, which requires a relatively |arge
change i %ﬁﬁl\% %?E@&&é“?ﬁﬁow FaieGamiormsdorbe glesired sigliverydbrodidy dviomgeenf
pressqire i i it .may.take a 21 Decenber 2006 WO 2004/ 000394
PCT/ %200%5%1&%) ?ﬁ“%&a é—‘*ﬁ‘é"ﬁ 'gﬁé"f'? RYWTPS Lo bgdnanuiastured with agraadei ng to '
I ncr ease Steisadiabl is 1s. aespeciall rue when delivering

f1 ui ds a?é%rer%el ativéﬁ_’&g"FB%W&@%’?“Jéﬁ@fg#&f"&ﬁ?g?(a’é?@aﬁ%?‘i?he ke lpsemr (e.g., a
conpl et epamCAByStehig, @eli%rg%a%cﬂ§ %gl%h@‘e@ej by gfgﬁaﬁ{;ﬁnéo%’gitour del i very

rate could take two hours or nore’to | prior art 5.

punp. Fuloldrances &f theemeehshichVpdipRh cANMBETIE NshPgSystemis i ncreased
to reduce response tines, rmr% fgl t‘s:’e gI&fatrrrs arggaﬁlﬁiéeﬁ'%g’\gmﬁﬁﬁépi enced.

I n.. conth@sxpensied.o¥ith floopafd fesubask coitt@acesrM@idds) tQ%Pff‘Fet-s of the
present invention is able to rapidly detect bl ockages %Cconp ete and/or .
non-1@onpngention, oscthegiber s isfusioarpumpovanl ki nigdey withﬁé&@?}edi&c e flow
rate segﬁor 212 detects 10 an actual flow rate and does not require a '
pr essur eNBigfee Igss expengivebepmpanens andfrheshanismsspetssiiliZichidve £ RRgb! e of

- providi q%‘%cutate nmeasurenents (e.g., better than +/-5% over four |ogs
of rangd™9BY CLRSRMIEEY 1 teims.of i gelivesy ratercamirol.sensor supplies fluid from

-0. 1 2 Th fl -

.. precise and the:integration of the pump and disposable ;compbnentgv.:would;be:Iess.
15 A.d,epend_ent;.upon the materials usedin the disposable components. Edrmexample, -
07 PG tubing-provides certain advantages. in-prior-art-systems; $o: the-design of-the-
. infusion pump may need to be tailored to-be compatible with such tubing.- This.
type.-of-.eng‘ineerin_g expense may be eliminated if PVC tubing is:no longer .. -
necessary. - T SRR &)
20 | Furth.er, knowing the actual rate of;_ﬁo'w in tube 204 with-a relatively high:

- degree of precision also allows the system to provide a.highly accurate and fast -
opclus_ion detection capability. It should be appreciated that a blockage—a
comp!‘ete. blockage a_ndlo; a partial blockage—between: the fluid. reseWoir and the |

- delivery point ¢an. result in an unaécept-ably-tow rate of.ﬂbw-. Such blockages -aré |

25  sometimes referred to herein as occlusions but may be caused by a variety of
conditions, including a kink in tube 204. Prior art.iat:empts to detect occlusions rely |
~on pressure sensing, which reduires arelatively large change in the pressure in -

the tube to be detected. A disadvantage of pressure sensing is that it may take'a



sensing and occl usion detection is possible at low flow rates, as well as
at higher 15 ..:flow rates: For corrveni enee; the foregohaeniRsonngti ons
of Figs: I an d2 have been generally provided in terns of enbodi nents
conpri si W WP498384- t ype i nfusi on punps and anbul at or y PAAESFHPEEH i ¢
punps. One type of prior art syringepunp is nore fully.described in
commonly assigned U S. Patent No. 5,533;981. It should 20 be understood

t hat, w3 &b VU e ) S pal r cpsad @ns r ol

syt ems o D B B b R DT o B ca
fluid dehbMany tri% i delfising TNfdseata fdiatedpiov el mee Forekampl@nd

| i near peristaltic- type punp systens, valve-type punp systens,

pi ezoel eailbéiadgeiEng S usiomlete Aidiospartiabtlsekage)assoyisteanwith a1 \maifhiaurs not or
and/ or valve driven systens. 25 A peristaltic-type punp nmanipulates the IV
adni ni slelivérgmateubsuid dalee hire heurs ordesiiertodd Helwctat with lriypical pridsedt nent, a
peristaltic-type punp enploys an array of L cans or simlar devices that
ar e angpump. yFaihaer if the sensilivity o pressreseasing gysiee isdncieesedlers that are
connected to pressure fingers. These elenents 21 Decenber 2006 WO

2004/ 000SLEERPORSO BT GP1 Miore faise afarisaars:likelydo.begxpenencefnear wave notion

on the pressyre fingers. to apply force to _the |V tube. This force inparts
~motion to. t nin pairest A aerpd B g Car il nC g o Apects e e Bréfeny her
exanp! o mEGPEIS bl GkBRIPHERS: HEEaos Eolio R ARRU fofBaibiadrs Tg 1"
upstrea o) . val, v 3 Falayl 0 | {6 al ves)
to Sequ_reﬂncfc‘:&gpﬁg’ %Wr%{aﬁ a”@’?’?ﬁﬁﬁ'ﬁ%@? %P%%&%émqﬁéu%eﬁ gmbgd%gﬁ%it%ered to
- theqpat efiotudflow? rRE SRS RitFedlird i Pressuraibufd iup. CORG eRibodimeht oF a -
gravity-ted delivery systemin which gravity provides the notivating force
and oneflgiy s SeSdNVER R Gapabirofimroviding atcurdie measurentents {dlgPibetteel ectric

punps control punping by varying. the nagnitude of an applied
than +/-5%) over four logs of range. For example, a pump using such a flow

seerrmreiviggnsor supplies fluid fromabout 0.1 mifhr upto a bout 2000 mi/ht.” Thus, flow rate -

-~ gensing and occlusion detection is possible at low flow rates, as-well-as at higher

««:For donveniénce; the forégoing descriptions of Figs>1amnd 2 have been

generally provided i terms of embodiments comprising ‘syringe-type infusion™”
| pumps and ambulatory and velumetric pumps. One typé-'of prior art syringe pump
is more fully described in commonly assigned U.S. Patent No. 5,533,981 It should
20 be'understood that, with‘- the benefit of the present disclosure, closed-loop control
| systems and methods may be adapted for use with other types of medical fluid
| ~ delivery Systems; Such systems include, for example, rotary and linear peristaltic- |
type pump systems, valve-type pump systems, piezoelectric pump systems, |
pressure-based pump systems, and various motor andlbrf'vélve driven systems. |
25 A peristaltic-type pump nianipulate_s the IV idminis‘frationfube to achieve a
- desired flow rate. In one embodiment, a peristaltic-type pump employs an array of
cams or similar devices that are angularly spaced from each other. The cams

drive cam followers that are connected to pressure fingers. These elements



" _therein, a fluid reserv

vol t age step. Pressure-based punps adjust flow rate by controlling the.
pressure applied to a fluid reservoir (sonetines call ed{ phagmb&pRgzer "
systens). t he. cl osed-|oop-control systens and net hods descri bed:
her ei n rravﬁl%gnﬁ]g?d in anbul atory inf q?(g_on, punp syst end AAF20B0HE0r i c

i nfusi on punp 15 systens.- It should also be understood that the conponents
illustrated.in Fig. 2 are grouped for conveni ence. For-exanple, the

st at us- neRPRYAtIEvinRATE BAineebwhve otiomestetiapegsate fiddis thappigTbreef (ot he
i nfusi on_p sr(p %yst m 208. Likew se, reservoir 202 could be it egraﬁ with
t he punpthetj | 1bgr Wupderaedmprds motiemdpdhe fiuid in theViigie, thergby ﬁrbﬁemﬁgrel of
t he syritpl & a&tgﬁgs res rvo,i{a, _but is physically nounted to, the 2

i nf usi on% f’r’d il ?'h%’.rmsrP dergtaltigovae Puinps usy diffegentprepsurandeans such

pressur es he reservoir is typically contained within the punp
boundar ?ae%%e\?)t(%'ﬂg@\?%lf%ﬁ‘etrl c or anbul atory punp, ‘the reservoir is
general |y nor | ndaries. . Fig. 3Ais a.flow chart _
that illust ra?%@ﬁaﬁélg%g#ﬁ)%é@ﬁ Sngﬁﬁ‘g‘gy gﬁH'é’gfq WW-HsfSaanfgawtrQﬁra and a pati ent
I N accordtanestradrh Vabi 6d- s, As .illustrated
roth Vol 59 chettonlca cCRTOIY yAVESER ooty eart it usi on
punp whiprbpulsiort foree td theolila &6 b8 delidere i G we0d) . After a
desired- dell [ \égry rate is selected I( bl ggERS g)%ﬂé?f 3%% %?ﬁ\%?'?%o@df%
" (bl ock 30&)lve Recondéctn witk & deevignteer SRS, : . _
PCT/ US2003/ 017730 -21 (or codr?iei nuousl y) ﬁlgy%%ﬁgﬁ‘{"?@g%?%é PR i 4 1o a
- del i ver $hpdiotivalisgdoicetanti ane br roee vaiveserts ussd 36 veatol ihbdiy Q) - For
exarTBI e,..and as expl ai ned above, a positive displacenent flow rate sensor-.
| oc4Y ed Rier9glaeirisdimpr coneolpamping byrvarying. tie: magnitade o€ ansgplibg sense )
actual fIEi d f%ow énd proyide a flowrate indication to a 5 control device.
The act Y2I29F SIFPR-af EPSS8re-bApRd BUMPS adiustdlow rasel bitedontrellingrthe ere¢surd! ock

314), eRBTeR 8 (i oerEher Sl hagkaunezes myptameit o | s 1 educed

_ bl ock 316), r ' t actuyal deljvery rate to nore closely
Erat oh’ fhe éegluﬁeﬁ r.?ﬁéﬁg%ioggcoﬂﬁmﬁ sys%e‘ms- and :met%ds‘ described:herein mayyf

be used in ambulatory infusion pump systems and volumetric infusion pump ... .

- 15 systems._ It should also be understood that the components illustrated.in Fig. 2'are.... . .

---grouped-for-convenience: For-example,. the status:monitor.device 254.could-be -7 s
‘made integral with the rest of 'the infusion pump system 208. Likewise, reservoir
202 could be integral with the pump. unit or separate. For example, in a.syringé;
~ pump, the bgrrel of the syringe acts as a reservoir, but ié physically mounted ‘-to;:t'h'e'
o 20. infusion pump housing. - In other words, with syringe pumps andpressure-based |
pumps, the res,erv_oif is typically contained within the pump boundaries. W.ith-‘.a_.-
. volumetric or ambulatory pump, the reservoir is generally more external to-the
pump boundaries.
~ Fig. 3A is a flow chart thgt illustrates an exem‘plaryl methaod of delivering a :
25 . fiuid to a patient in accordance with a closed-loop flow céntro! process. As
- illustrated therein, a fluid reservoir (e.q., a fluid b_ag)-?s connected to an infusion
pump which, in tumn, is connected to the patient (blocks 302, 304). After a desired

delivery rate is selected (block 306), fluid delivery begins (block 308). Pericdically



rate. If, however, the actual flowrate is appreciably |less than the
desired rate 10 (block 318), the infusion punp is adj usiefesdtsibricbag 1ts
output rate is increased (block 320), thereby increasing the actual
del i ver ywopapeyoopivione enbodi nent, the_nethod al so incl ﬁ@%’éjs%@?fﬂlj”ﬁ’

.

di sposabl e adm nistration set that i‘hcl udes, for exanpl e; an adm ni stration
tube and an in-line flowate sensor (e.g., tube ,204and flow rate sensor

212 of rﬁﬁ? BonBAucUi thB2liuatROW raf oo ke ki difiveiyepdintasbodited aith-theocess,

the admnistration'set is discarded fig 3Bis a flow chart fiat illustrates

an exenpitriny isEhesl @lodited 19! Fog erashple, e 43 explainet@bicvecA@usitivei on in an
I nfusi on system in accordance with aspects of the invention. In the

i 11 ust rgisglaicenmmpflow ratesersoc Exatedirsiing betwden thepatient and heepsmpo t he
method illustrated in Fig. 3A. At block 330, however, the sensed 20 act ual
f1 ow r atan be usedpasedse actual tdflow and proddegdiovhiete Ksiieatiosrierdance. This

o oo, St 4 Fa o4 a8 BB Vo e
Senged, Dk alp. 1tk aotu Jorcrafe laniiriape el oM A REBHEIES I 1 ockage
shoul d: ANt} 69eds HERERA thak 8 oLt raBdRrESices QI A, o al so
be perf reg%ggé B{Qg@is@@%ﬁ@m B%p\bda%@% mBRIBREERINSRAIRE dekpud figte

I nfor mat resho ow rate value, a change in the sensed

flowr (& tuS oW Patdqs eppidtigbly Idssithan sho desiRdd Reeenber 2006
VO 200%%’0§9§0B§?%g%§%g/0 17 740 p;m22 _e¥ceeds a slope threshold, a

bl okag@ihsk 968), BemMiudion piep.is bilfrstedreyclbthat distoaitput ratef sshaeapedt ocol's in
which zero flow is expected for extended periods of time. In such

si t uat i @sck 826), terebyincesasingtrer adtligl deliveantadef or this fact. It should be

appreciated that flow rate conparisons (e.g., block 314 or block 5 330)

" need not be hebre embedimentatits methashalge incdesusingardisPesailer ate

conparisons are possible. Such conparisons npl“slfl%%oﬁ%gga” ng, the. flow rate..

s poranradministration.setithat includes;-for-e x%ample;franﬁaémml ge-andanindine -
. flow rate sensor (e.g., ube 204 -and flow rate sensor212 of Fig. 2) such that, upon -
15 . completing -the‘ﬂuid-d.elivery-proces-s,ﬁ'-th"é‘;adfﬁini-stration set is discarded.. - '
o Fige3B is a flowchatt that-illustrates-anexemplary:method of-detectingzand =
" reporting a blockagefocclusion in an infusion system, in-accordance with ‘aspects
of the invention. In the illustrated example, the process is similar in-several
aspects to the method illustrated in Fig. 3A. At block 330, however, the sensed-
20 actual flow rat_e-ié éomparedato an occlusion/bleckage threshold reference. This
‘threshold.can be a predetermined value (e:g.; a fixed number or a fixed -
percentage of the desired delivery rate), or a dynamically detenﬂined value {e.g., a
time vérying_threshold). in the illustrated:embodiment, if the sensed actual flow:
. rate isless fhan the occlusion threéhold, a blockage:is declared and an alarm
25 -condition is triggered (blocks 332, 334). lt should:be understood, however, that
‘more complicated comparisons can also be- perfbrrﬁed. For example, ratherthan
comparing sensed flow rate information against a threshold flow rate value, a

change in the 'sensed flow rate (e.g., a slope) can be determined. If the slope-



acceptability range and/or a time varying reference.. Further the reference
to which the actual flowrate is conpared may be prograznpeskrimertthes user or
pre-exi st Wgo@dhidhse/sed in connection with an algorithmor treatnent
protocol. 10 Figs. 4A and 4B are schematic represent ati oST/US2003@17740

enbodi ment of aflow rate sensor 402 sifftable for use in-connection with a
cl osed-loop flow control system such as the punp system 208 illustrated

“i'n Fig. excesdmasiope twestwidA9Blockngh e BbMra "Rk 559 Leat ed
MEMS device or a simlar mcro-nol dgd device (e. g@g@fggégg%%% ain

of . mi cr ol'HBtiB Preloeplsmibrwissh zErefimias expatteider b@Bndddperid BRtifde sy f or
manuf act uri ngiﬁ%%%%@a fl ow sensor are di scussed. below.. Flowxate 'sensor

402 has, S4gh {orse the gonirellen psefesahly accpuntsfa0Bisfadt.i s pref erably
, constructed ngla gn%gdto:fit in-line wwth an adm nistration tube (e.g.,
tube 204 of Fi% P“% & @PRregedithat flow ratel eomparisons b, t hlbek Bo4tdreigat | ent

alsodglo { ensor 402. y<~ 20 In _the illustrated enbodi nent; flow
rate acsenys’\%cr)) ﬂ%@lﬂgﬁﬁ f%}s&?'%?eﬁ'?}@iﬁy fixgd valup) Sathemothardiovseste comphrisgager al
such se at, . { Na .kno vol upes of fluid tote

~ transf e%ﬁjﬁiﬁ%’ 'gg'c({%ygog#%ﬁggﬁg 'ﬁg%mwln@rthﬂﬂ@w@éﬁ%ﬁn illustrated
conpri sescodptamii _ TP 408, .410 (sonetines referred

o her ety paENly TR SRART s SRRV TR od Rinthordutratesamenimphish. eaon

25 i npeltheractes floiXrdte Resomphke TheSy s |y be used. As
illustrated, the i I;rpel I er?bareépﬁ%?cPe;%%g’?%@%‘fm%au Fig-esiingThe

~ housi ng @rel ysesf ier edrinection eddth m digrmRabridathel in-line with an
adm ni stration tube (e.g., tube 204 of Fi gﬁ‘%yp‘grldrqé@e enbodi ment, the

f1 oWlsensor . digprdA eadidR arcactmmaiic msprésenthticsd of?dnéjéﬁ'ﬁim?rﬁ' : 3
2004/ 000394 PCT/ US2003/ 017740 _23_ inpeller 408; the secon eﬁprr%%fﬂé\? 410;
t he houdRiRgSeNset 40a; suitablesfopiuse Toconheciion with i oiid-Rioh fRivE cHRiat ed and
rotate); and a cover 416 sized and shaped for sealing the unit such that
entry anfoEiRs S the MUBP systerm 268 ilhmdratedliroRiyl 21 - M6 rate sensor 402

- -device {e.g., an assembly of micro-moided components).. Exempiary fabrication .

15 techniques for.manufacturing such a flow sensor are discussed below.- Flow rate -

e SONSOr402-has.an-inlet port-;;404*--'and‘-an-r.ﬂutletﬁport‘-406’-=-and-=1‘sf>1;réfé"'raﬁ|yz,. CORL L

-+ constructed and arranged tofit in-line with an administration tube (e.g., tube 204 of

Fig. 2) such that the fluid flowing in the tube to the patient also flows through -

20 ... Inthe illustrated embodiment, fiow rate sensor 402 comprises a positive:
 displacement flow sehsor.. :!nigenéral;: such sensors operate by allowing known

- volumes: of fiuid to-be transferred during each rotation. The particuiar'ﬂow*- sensor
_ illustrated:‘c_:o.mprises;a:_two.'inter—'meshed gearsfimpellers 408, 410'(86metimeé :

‘referred fo herein as rotors-or rotating members). In the"ii!ustrated- example; e'a‘"ch"

25 . impeller has six lobes, but other sizes and shapes may be used. As illustrated, the - :

impellers are held on pins within a housing 412. Thé housing is preferably sized
and shaped for being u_sed-‘--in—lihe with an administration tub‘é (e.g.; tube'204 of

Fig. 2). In one embodiment. the flow sensor comprises four components: the first



respectively. The cover, housing, and inpellers are also preferably sized
and 5 shaped such that substantially all fluid passingz{pegghertdt@ssensor
passes by operation of first and second inpellers 408 and 410 in a

posi ti ve W) 2A6¥8¥3%Hent fashion. The cover 416 may be cPEUSIYIOREH0 ¢ he
operation of the sensor may be moni tot ed by an optical reader. If the flow
sensor 402 is constructed primarily out 10 of a silicon or silicon-based

mat er i al;mp@ﬂéﬁoafllﬁe BESIRT m%eileeqwﬂhéeﬁmuﬁd @hcludihgahe Emybmwcwm@ st ant
material, such as, for exanple Pyrex. If flow sensor 40 constructed

primari |imp@uérsct-freph@$ﬁteﬁ and rbi=e); phd st ¢over dv 6rsiralyatibshiseet fdraseatingel di ng
techni ques ul trasoni ¢ wel di ng- maybe used to seaFthe cap to the base.

Pr ef er alihg unitrsuch tthaisaniycarweexit mystbe hadaia et Addrandgouitsirdiifi,ors are al so
used.,, 15 By way of further exanple, the alignment pinsthat hold the

i npel | enespertivplyactheeaned. beusiag.tanskimpelermaresaep oreferablyaized angr t her, t he

b d/ ld i d.h :

 of t o iskgoed shh dha subelantAser ﬁﬁﬁswséiwgﬁénﬁéuérﬁﬁ%%é?\%paﬁégﬁs@% Vtheir top

' botto L fl | 08,410 t t at
and o et SFGRTand Reand it 104 afifd B0 ARG BabRBereRos <ue to

t he outlgé § rt 406 side. Optical or other technl ques are used to count
‘-rotatloﬁc Q partial rotations). Such information is indicative of flow

te b | t . S AOb Jher ef
Fow rate. serieooyss aPrRsy b ca SoRabnbEppaiotPLLRE sensb dkpd el Cf or &
~indicat 'r#(@mﬂfre@'ﬂ: v Sstical ?é&ie@f lffthé iflewf 3ehtior B2 9 BorkdiRiciad §ﬁman8,50@1e

- nmethod of providing an optical indication is to mark one or nore of the

l-obeg ofofendiisth dosilicdnpalddematetRe, coveP 436 prefehaily somppites alflatosibagst i s
created. An optical reader then optically detects when the nmarked | obe has
noved, tanelisdnt rgsistandwiaien, such aslifonexamplef Pyex®t af flam seBson 462 isy, t he
.reader may be configured to 21 Decenber 2006 WD 2004/ 000394
" PCT/ US20@svagtedpriroarily butiaf plastic, fa fat plaatic coves maydze veedy. Lasei \Mgldmg LED)

and to t hereafter exam ne.the i -
- nermrtechniquestor ultrasonic weldlng ‘may be used to sealthie ‘cap 10 the baggs = i -

Preferably, in ultrasonic welding applications, energy directors'are also used:
15 -+« By way-*ﬁffu’ﬁﬁer«example,‘ the alignment pins that hold the impellers-in' =™
e *—w;ﬂacecou!dbepartofthe éap andlor the' base~Furtherthe base and/orcapreotid ™ =+
:_' include recessed holes to accept pins that are-part of the impellers (i.e:, the =~
impellers have pins that extrude from their top or bottom). |
~ In operation, flowing fluid causes impellers 408, 410 to rotate and to transfer
20 a known volume of fluid from the input port 404 side to the outlet:port 406 sidé.
Opticat or other techniques are used to count rotations (or partial rotations). Such
.- information is indicative of flow rate because each rotation relates to'a’known
volume of fluid. Therefore, flow rate sensor.402-effectivély provides a flow: raté
.signal that is indicative of an actual raté of fluid flow throUgh the sensor; =~
95 - One method of providing an optical indication is to mark one or more'of the
lobes of one or both"-impellers 408, 410 such that a&r; optical conirast is created. An
optical reader then optically detects when the marked fobe has moved, thereby -

providing an indication of a rotation.. Similarly, the reader may be configured to



i ght

the |i

to det

bel ow, ilght Lt

that i

reflected to detect the output signal (e.g., flowrate signal frgom

flowrate sensor 212 in Fig. 2). In optical detection ApRaLesosescri bed

her ei n, t‘bgzgdd%wmﬁensor itself is preferably passive; the reader supplies
an

ght

procésses the 5 returned,,light to provi de P&TS{SgME01TH0 t he
controller. A controller (e.g., controller 232)

can use-this information

ermne an actual flow.orate through flow rate sensor 402. This is so
because lkHaiaisflawiraie sinsondO0Rtpel.) esing medLED pand i@iHenesfeVeiamime taé T ui d
passing through the inpellers. Fig. 7, which is discussed in greater detail

n gpticel detecipnrmpsoanhesdeseribag heveiat thenflaw e

ktogirieetibe auipuitsignal derm: fov catel signed Srone Rewtratechni que

s 10 L cul.ar uited for use when the flow rate sensor uses a
t ransparsgﬂ?&g?iém 'gcg%. i
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coul d

another alternative, the rea

er Cinteg

sensor #02elThis fsafo BecTRE &pm;a\ t o8 ‘ ,J-, a
sem conduct or IS’E hatCJ forns, eboarcﬁi '?%;;ﬁart o} %t{@rgegglﬁ)@gw@%r%?Q?‘?ﬁgﬁ%ﬁ'&ﬁg i's ‘

det ect
signal

edf fleitlqussing thedugh e ifdpells Eigndughizh igaiecﬁeséﬂ% @Fb%ﬁex%‘ét%ﬁt -
w t hout t

. is provided 20 directly to thé controller,

e use of a

reader belaw, iillistrafes ane efnbodirbet 6 Dvotatichsl rEeREREmehD tét’?ﬁicgjéj@@t fent,

.rate sensor 402 is constructed using relatively low cost,
- anditbr Redicylary swited feresmhendhs onhrate sbrscrarsesra tansisrentsledtic @a
connection with a cost-effective, disposable adm nistration set sui

flow

recision I\/EIVB
Pabre

for 25 use i QURNMotods@f detentiogaatationuare porsitde. Fbeerampls)entimpdiat do not

_come di recltnl
cont r ol ¥&H

S Witht
“adm i

s e 15

20

25

into contact with the fluid and/or patient (e.g., the punp,
Cﬁ“fﬂ?- {f L nagnetigcempanent that gamerates iredgiacioble magnetodieldthat cont act

' /.0r patient are di sposabl e. .1 n anot her enbodi nent, the
gﬁgarﬁgggasgﬁg'%&ﬂ%ﬁéﬁeﬁﬁe&z%ﬁf?ﬁ?ﬁﬁ@%’ﬁ'\%%% by e xietipn00394 .~ .
| _PCT_/-‘ USZRQRE Grhpeftor). Such a changing magnetic field would provide a flow rate signal

that could be .g;iete_cted_-by,_ for example, a:Hail sensor. or similar device, - . . .

‘sensor itself. . For example, a semiconductor device may be used (e.g.,a. .*~ -
semiconductor that forms or is. part of the cap). The rotation rate is detected
electronically by the semiconductor device and the output signal.is provided )

directly ’co;th_eT controller, without the use of a reader that is separate from the flow

_rate sensor.

- In one embodiment, flow rate sensor 402 is consfructed using re!atively low- |

cos.t,.-. precision MEMS and/or micro-molding techniques so that the sensor can-be |

used in connegtion with a co.st~effeéti_ve, disposable ad’rﬁihistration set suitable for

- use in delivering a medical fluid. Thus, the components that do not come directly

~ into contact with.the fluid and/or patient (e.g., ihe.‘puhp; controller, and so on) are

reusqble, while the parts that come into contact with the ﬂ_u_i:cli and/or patient are

disposable. . In gnother embodiment, the administration set and infusion pump are -

e AS anot-her--a_l-ternatiye,-.-the reader:may:be made integral-with-the flow rate-- .~



-25- both desi gned to be disposable (e.g., disposed after each use). Two
exenplary manufacturing techniques are di scussed in greaiRce@Bbedogbel ow.
It should al so be wunderstood that other types of flow sensors and ot her

d
posi ti veV@¥WNRER ent arrangenents be used, and tHAUPHEV st rat ed

flow rate sensor 402 is 5 provided fof exenplary purposes. For exanple,

ot her configurations of positive displacenent flow sensors may use a

di f f er epbtindedigiedio botisposaiede.d. nlispdsodsafteraachaise). Tpel dxaraplafy varyi ng

si zes and shapes-including asymetrical inpellers. Figs. 5 and 6 illustrate
two exen@rafgcimind thnfuestare fdistussed iy greatewetsibhelow, 1tabbuldsalsd bev rat e
sensor 402, suitable for use in connection with aspects of 10 the present

i nvent i gadengaasl that othenterasyof flowysensars ppd otharaositive displacedsnt st eps of

nt | Gnerss! fhaf ottt ® _ ot |

it ﬁogfta%%'nggraga@%h?ﬁéf§n§§ﬁ%ﬁﬂtﬁé®%@f foi ras Seirer 104 % urlf i blat .

LI wv | t - Vi t LI GA LI . <Fia:., 6-i t t

Fhe bor BTyiRd tor SemAiary umssast Jroh et ot Gotebimtiansrks iosVens sonsor

_ SRl _ A o

R s
. A 101 ot

e easgr halinndiRes BRYENIY 8788 aRd ABpEacThRRR GBS Anfiictic tmpBieis o DO F

may be nore pduantAges Mektat i éxsfplafy nbtidsusietamgastufiabe ficw! i cation
masters 20 that are used as nolds or nold inserts. Referring first to fig.

- 5, _gengepsdry sedhhaetowtrate $8hdor @Gd2apuitable foramatinicoanectionwvits taepect8@E, 504,
506, and 508. Step 502 invol ves preparation and exposure. Step 504

i nvid vethalprezbnpinagnticst. elobd faitivutariye Bige baiustaibathengertiteristeps of nvol ves
renmovi ng any remai ning photoresist. 25 At step 502, a mask 510 (e.g., a
quart z plaasgactadtg aipdsityRrdisplagement Ry sersorpisinged highogspest waltkpi ece to be
exposed. The workpiece to be exposed conprises a substrate |ayer 512
(e.qg., bthegraphimprasess whigh isgonpeliragpsfared i heeiy asn@tw%&ﬂéﬁ &Y ached

o Lo.the BRORY LadSep iftraiot ERER IV A28 Ssrillistrates the pertiriént steps

_of manufacturing a positive displacement flow-sensor-using a deep rea‘ctivefich;‘?
= . 15 etching sequence (deép=-RlE)-.= e et e T P R e
e v UVELIGA typicallyrestlts-inplastic patts.< Deep RIEtises silicon ot silicon ™~
- carbide:: Thus, the materials base for each approach differs: Further, both~™~
processes may be used to manufacture parts. The UV LIGA approach, however,
may be more advantageously practiced if it is used-to create replication masters'
20 that are used as molds ormold inserts. |
| 'Refetring first to Fig. 5, generally stated, the UV LIGA approach:comprises
... four steps 502,504, 506,-and 508. - Step 502 involves preparation and exposure. )
Step 504 involves developing. Step 506 involves electroplating. ‘Step 508 involves’
removing anyremaining photoresist . | |
25 Af step 502, a mask 510 (e.g., a quartz glass mask with chrome patterns) is
placed above a workpiece to-be exposed. The wOrizppiece to be exposed
comprises a substrate layer 51 2 (e.g., a silicon wafer). Priorto exposure, a seed

 layer 514 is attached to the substrate 512 by a deposition process. A



21 Decenber 2006 WD 2004/000394 PCT/ US2003/ 017740 -26 photoi mageabl e’
material, such as an epoxy-based negati ve photoresist |aygscspder 2065 0.,
SU-8) is , top of substrate 512 (e.g., deposited froma bottle and
‘spin coat‘gdgi%&ﬂllﬂﬁée}glﬁask 510 conpri ses gg,év\o- di mensi onal pSTAUSPIPKEC j s
subsequently transferred down to the 8 layer. The seed | ayer 514 is
typically 5 nickel, gold, copper, or nickel-ferrite (N Fe). Bel ow seed

| ayer SIRhetanagenie Biaderialbsuch as Basipoxpibasedynagaiive phptoreskst Ryeebnact ory
met al su(ch ag chromum titanium or tantalumto act as an adhesion | ayer.
Typi cal |4:9-1 Rb-§) igaedegyas topoofsimbstratent tkfe.of, depostabixomadotitecasded | ayer
I s about_400- 5089AT Addi t i gﬂgl information regarding this process may be
found atSRIMGBEEF )5 ThP Mesk 918 faBhyses A twocdimansinngl agiter tatid cr onachi ni ng,

avai | 2l PaNPE Bhsreltet Touh b TR Tobel Puie Ragdlever Sldas el y
cxposed Sl Wy LRI USRI PO SR PSls 6 BT, o
20, 1o § Py Sy ot 8 oseRg R 9Bt % SO EBIRL AP,
Sovel cpmmrmuoseces sesemesc e it hBY TR ot BiEfgfod

step 5060-506A, arehthierdatgl layetistabotit 160-5T0BAL I R i i ingyer
514), filling the exposed S|c;ortions 536 renoved "%@Ag@ﬁ%@@?&%@%’g‘ﬁ{eﬂ

pr ocess thistprecass, mep®e fohed ¢ chiapien§ afdhé Mdandisdok bEMRGomhBLRIRS! St (e. 9.,
structures 530, 532) are devel oped/ etched away, |eaving the el ectropl ated.
st r ifét uMisrasazchining candridiciogabrication, delume 2 tWlierombehinimghaid at e. 1t shoul d. /-
be appreci ated that ;a nunmber of such electroplated structures 540, of

di f f er efIcifaliicaing."styaijakle framISPIEreisadi90Tn hesphotbeesisidayéids exanpl e,
one structure could rres tg an inpeller (e.g., inpeller 408 of Fig.
4A) , - angg%ggyﬂ%g@ﬁgps% - F%g?%ﬁgp\gﬁlﬂ?%ﬁ'%bﬁhf@@bm patanfumeasigh1®. g.-, - housi ng

412 of Fiags. .Th t t. h ft b nbl ed t
412 0f Frg5. 48 ik 4B) o J0ESS ROLSELMESSRI B AAEISEL] O dssendi oo o

developing-solution is. a solvent and generally depends on the. photoresistbeing - o <o

| 15  used and whether the photoresist is apO‘si'tive or negative fone. This development . . .. . .-

e T R T pracess‘nremovesﬁ;;hgf.p_o.nti'ons-,Of--ph_otoresist;[ayenr-5._1--'6r,that-;wene-exposed; totheUNV=

- radiation, leaving structures 530-and 532. At step 506, the remaining stru'ctﬁre- is-
: electroplafed (up from-seed layer 514}, filing the exposed portions 536.removed

during the development process. At step. 508, the remaining pottions of the .-

i

| 20 photoresist (e.g., structures 530, 532) are developed/etched away, leaving the
| electroplated structures 540, which may be lifted off of the wafer substrate.
It should be appreciated that @ number of such. electroplated structures 540,
-of different sizes and-shapes, could be simultaneausly formed. - For example; one |
structure could correspond to an irhp_eller (e.g.,-impeller 408 of Fig. 4A), and '
25 . another structure could correspond to ahousing (e.g., housihg 412 of Figs. 4A and .
4B). These structures could thereafter be assembléa to.form a flow sensor of an
- -appropriate size and shape for use in connection with, for example, the various-

methods and systems described herein. . In other words; structures can be formed



appropriate size and shape for use in connection with, for exanple, the
various nethods and systens descri bed herein. |In otheroywedsmb&taoast ur es
can be fornmed 21 Decenber 2006 WD 2004/ 000394 PCT/US%%U?*ﬁé% i_; 74 0 -27-
for a f V2Y4945P4 housi ng having an Lnl et. port and an Y887 and
having pins for accepting first and”second i npellers. In one enbodinent, a
clear plastic cover is bonded to the top of the housing, thereby ensuring
that sygsh aBivi sdriadr Aolisilgtisbing dimletpdrband hheutiebpors eansbhatify pingh t he
inlet port exits the sensor through the 5 outlet port. It should al so be
appr ecifat ackdptia, firsbarmbseddrahingieflecs. | In ansi ergbodinent) 2 cleapplastiedover uct ur es
540 for construction a desirable flow sensor, the mcro- fabrication

pr ocesdebordad to Hetaperfdha houmingethesely ersuringdhel sipsiantiallvall fiwid d i nserts
(e.g., negative images of the desj re_dgtruct rzsg. One dvagtﬁ%e of such a
10 mi critowiag inte ghe Bewsansor Hrowgh the in @Qﬂrﬁaﬁﬂﬁ- hé sensyi BOUghiNBe made at
once, ‘thereby allow ng for |arge-scale production of flow sensor
conﬁoné’rﬁ'@ﬁpﬁﬁtt hout the need for using the UV LIGA process other than for

or ol m Far - s aied hEAPPEtE AR, ko SRR LR, TBREITRCC B 8 ot
(e.qg., dé;%&?ﬁ@%eﬁ)sm@%egYs%%fcoﬁs‘i.yauaﬁ':a 3Bl %éhé&ﬁ@ﬂd{@ds coul d be

used (€. ycarpbonate or 11 qui crystal polyner)t ..nold w sen -0ne

advant 3geellidhshBBetld 4 Ebribed tRMdinidandRegsdtblor CRtingAmblas orsola! an
expensi've 'synchrotron radi ation source. As nmentioned above, there are

rel ati vygkarts {ee%v, ﬁﬁégﬁméﬂrﬁ_&ﬁ@bﬂhé kiR sied sBuctures)o Drieatvarithys ofiswesaar e nore
readily available Z0 and relatively inexpensive, and masters can be created
- i'n ostmidkslaiadinyaprastipRatate rge ndmites of aickdsicaw bmraade abomeEnt S. '
Conventional synchrotron LI GA processes require X-Ray masks. These nasks
are f althecsdlyesfldning farlaigessesile prostustidaofiflogusenspctoopenenis kwithautithe t he
desired patterns thereon. The patterns are subsequently transferred onto

si | i comeed for using the UV LIGA process other than for creating the niold. In-one

e embodiment;eoimporients rmay-be‘madé of-a plastic orsifillar ivaterial that s = w5
suitable for use"in-a-'-medical--e’nvironment-(-e;g.,'-dispos"able);.-~F.oi' example, . e

15 - --numerous-thermoplastic matefidls-could-be used (e.g., polycarbonate or liquid- - -

= prystapolyrier) T mbldflow Sensers from fhemaster. s 7 &7
.5+ 7. One advantage of using UV-LIGA is that it does not require the'use of an®"
expensive synchrotron radiation-source. ‘As mentioned above; there are relatively
- fé_w synchrotrons in the world. In.contrast, UV sources are more readily available
20 and relatively inexpensive, and masters can be created in most moderately
equi'pped semicondﬁctor‘clean room efnvironments.

Conventional 'synchrotron LIGA processes require X-Ray masks. These:
masks are fabricated by starting with standard quartz/chrome masks; with the
desired patterns thereon. The 'pattéms-are subsequently transferred onto silicon

25 - (which is transparent to synchrotron radiation) in the form of gold or beryllium
o patterns, which absorb radiation. DUV LIGA, in COh;}ast, uses the standard

quartz/chrome mask to directly 'process-the‘ SU-8. Therefore, another advantage



25 (which is transparent to synchrotron radiation) in the formof gold or
beryllium patterns, which absorb radiation. DUV LI GA 2Npecmibarioosuses
the standphdo@iu@sdez! chrone mask to directly process the SU-8. Therefore,
anot her advantage i 21 Decenber 2006 ,\\0 2004/ 000394 PCHFUEEY83PYIH740 28
of Using W LIGA is that the SU-8 material and nask are believed to be | ess
expensive than conparable materials used in conventional synchrotron LIGA
Referri %Uﬁ@gthchl%Bgts that the|SléBratedial and enaskearcasdicvé@4e b606ss and 608,
respectively, are pertinent steps associated with manufacturing a positive
5 di spl 55%%?{1/9@%@@9@@“%3%@"3&3 deed iIRcenventional ayndhoatromhl@Aocess. In

general, de RIE is silicop-b s%cci! rocess in which deep reactive ion
etching is aphlcafd '?%gé%fl:&%i' @Hﬁ@a éﬁeﬁﬁé{ﬁy’f‘t 50Ri 6ok GG, @ndH08,r om t he

kpi f th tchi i.s determned. b
phot ol  [rbsEee: =fEbmihbitSert ol Mt Fafupaaarastvant act ur i ng
I nt | ot | : I,.d 10 d ti lity, .
a1 | oo o enielicow SenddruciEl & bBop SE it BB awp ot haieert,
pat t er ngeeFAB iRLESIRIANDASS Froskid ﬁicﬂf&&e?r%e{cﬁée f@ﬁ#&@@bﬁ% %ngéc's o

sensors neither directly or by manufacturing mcro-no

- _connect fooselattividy etaH 98¢ sEOP nidtenal TR e v@t‘@]@iéﬁ'&; ?‘ﬂg sgrégglvf)igve of the

accordance w th, aspects of the 15 invention € suc nsor- may be
cr eat edetohing prluicegs 8 Heleamirietis) pisstslithogm mé_lﬁecmhﬁiers%ﬁ@h 88th&lshing an
accepting housing from anot her substrate (por from another part of a single
subst r adeyelomed forgushuigchrisgdnizgrated wirtuits:s Bylifsgwitar, debPRIERSSVIdegned for

aCQ&gting the impeller gears so that apositive displacenent . arrangenent.
i's Hor nglpd vericalityu sliewingad-dinansidrestaldturesol halestablistageirbmvd-ng a. 20 . ../
| andi ng,., The inpeller gears are then placed on, their respective rotation

pi ns (@m%l‘o'%& diMSy or by -an automat ed process).  A.coverslip-(e.g., a,
 anodi cal 'y, BBROGIEOVAES d uilBbfpdresninmsaitanuninglomsensist he
'”pell%ﬁhérng{ré’éﬂ)})&sgyﬁl%%ﬁacc urﬂla ."m%?o-._moids)ﬁfor-:use;—-i_n;'-cenne;ctign awdth-g: e o
s onclosed-loop flow control system and method, in-accordance with.aspects of-the:

. .15" .invention. One such flow sensor may beicreated. by-.j_e_,tching:s_iii_cgmmp'gl[grs‘_;ﬁmm._7 s

'“‘*“"‘-"?‘r;"':’fr:-*afjﬁ"?'f;'“‘r-“*“>f-0n'e-S-ubstratE,‘" and etching-an-accepting:-housing from-anethgrsubstrate-{or-from - -

- another pari of a single substrate). The housing preferab!y-ingludes-.a[ignment';pins
positioned for-accepting the impeller gears sao that a positive displacement.. - - |
an“ange.mantais-.formed; ‘The housing also preferably includes a base having a-. - | }

20  landing. The impeller gears are then placed on their respective rotation pins .-, -
(either manually or by an automated process). A coverslip (e.g., a clear, heat.

- resistant cover material such as Pyrex®) is thereafter anodically:bonded to the
landing.on the —.ba_se.. All-or part of the impellers. and/or base surface may be:
oxidized to produce a desired optical _conti‘ast: between thé respective surfaces. .

25 | This optical contrast can be used for sensing rotation of the. impeliers. |
- Fig. 6 illustrates pertinent steps of producing ‘:wan.-inipeiler and a housing for a
~ flow sensor. Beginning at 602, a workpiece is prepared comprising a-sil'icon: .- i

substrate 612 bonded to a base layer 614. The base layer 614 may comprise any



oxi dized to produce a desired optical contrast between the respective.
surfaces 25 This optical contrast can be used for senspnger&hBéd asof the.
inmpellers. Fig. 6 illustrates pertinent steps of produgj an. inpeller and
a housiﬂﬁoﬂgﬂ%ﬁm”FIOM/sensor. Begi nni,pg at 602, a mork%#ﬂg§gﬂgéﬂgﬁepared
conprising a. silicon substrate 612 bonded to a base | ayer 614. The base

| ayer 614 may conprise any 21 Decenber 2006 WD 2004/000394

PCT/ US2QQab &Yl HAatatiaid) eih arfe prafearéciembotimeniebpsefayer 684 eobudiseent , base
|.ayer 614 conprises another silicon wafer. This can al so be done w th nmany
di f f er exrothemskcar wattre Jinisecari algerhe denriwithaaanedifetenidypascof adhesive an
adhesive layer. Qther substrate materials pay be usEd SW&Q as, for '
exanpl dayaris| andphotorssisbman beresh as pg @dbeglyedayell Gher SUOSIEGi ed on the

silicon substrate and then patterned using exposure ,and, developnent steps.
Thus, tmatesiada mayda%vsacésm,é%%xﬁ\rapﬁoﬁ an gﬁag%ﬁsq%ﬁgps[st nmask pattern

S 3545 P e P RO P, e
ovai | at dovelflamsit sieBR” TutS: PR delgsit i dpy o6 Riortiz COTTRE Y, oo
t hat th@ﬂ%ﬁg!%ﬁ%g% bk atte? i s rti Fét@tﬁiﬂg._s“s;é Iéﬁv@l?.ddcﬁfks&ﬂﬁaﬂibré@e%ﬁaﬁlbternate

“tayer, con ni e .or con’oxide | ayer. Further, a

deposi t ' 8 t MEnig battefisithe@aeiar transierald dawn Btteh mask
ﬁ%r%%%e% g%lflﬁ gYS‘dL%%d hEhigbetie e r tran

woul d be usetu ating relatively tall structures-by reactive ion
15 .. eheHdae 1hee '.%ygﬁcoﬁ)msiﬂgere%toﬁhém ptobirgs sMani eotrmsenly ayaitatfe. g. |,
silicon) may be” etched at a higher-rate than the photoresist layer is
beifiy epledtecksist.roateriaearbapitable. (It sh@dd bensyeystoad éhat the Badisensiqiedt or esi st
mask may be rendered effective: if the etching process is carried out

‘ext ensi mekl pattefraboild dtedrangférred taan @temnate layerseichrag a sHigaBMHIRKOEr ons
deep). In fabricating such tall structures; a netallic etch mask 20

(et chedsibsamoxgdedayl ectivel y than a photoresist) woul d be useful |

ererring Sl el a ddbosied M@ 58 s AtletiAtndbidSidRa piQbughare.

- e -gtohymask would be useful-in fabricating relatively tall struct’ureé*b-y'reactive'ian@".".i

- . 15 -etching techniques. ln the etching process, the base layer {e.g.,-silicon}ifiay:be: -~ -

w5 igtohed ata higher rate than the-photoresistlayeris beirg-etched (e1G5 ?jfié’l"h‘iaﬁ‘s"fi?i-f".' c
100 times greater).: Thus, a photoresist Arr.lask‘-imay be rendered effective if the -1
etching process is carried out extensively to fabricate:tall structures (e.g.; several
hundred microns deep). In fabricating such talf structures, a metallic-etch-mask -
20 (etched even more selectively than-a photoresist) wouid be useful.
o ‘Referring s_till.to Fig. 6, the photbresist 616 has a 2<dimension shape
cbrresponding to the 3-dimension part being produced. For example, if an impeller
_is being produced, the photoresist haé a:2—dimension shape like that of the desired
| impeller. Thé workpiece is selectively exposed and developed so that the exposed
25 - silicon is etched away, leaving the base layer, a silicon structure of the desired
height and shape, and the phatoresist (see 604). T;;ere'aﬂer, the photoresist is
~ stripped away, leaving the base layer and th_e silicon structure (see 6086). -Finally,

the structure is released from the base layer (see 608). .



correspondi ng to the 3-dinension part being produced.. For exanple, if. an
inpeller is being produced, the photoresist has a 2-diAgRzbeBestoe |1 ke

that of tywe MdeHecead 1npeller. The workpiece is selectively exposed and
devel oped so that the exposed 25 siligpn is etched away,P%Tér'gt%‘fﬁg/@leb base

| ayer, a silicon structure of the desired height and shape, and the
photoresi st (see 604). Thereafter, the photoresist is stripped away,
| eavi ng t he hasdeeleybodinest oha flsid sarmor §¢.gy et positiesdiepbRenenkfiow | y, the
structure is released fromthe base | ayer (see 608). 21 Decenber 2006 WO
2004/ 00§8920POIANKaCHEOUTRG GleepdRIE, the silicempads men toatedavitt awelktinslgr

| spl acement flow sensor) manufactured. using deep RIE,

5 ﬁlegs. | ﬁé_ Sfid-ta%ﬁtvegiagﬁgge slicen niifiele, %arpgma@n di@n%andhaem 'cr_msems»;cnr|ism(D €. g.. |
11 conaPebbfe SHter Ria Rord bEFRAM MRl AdGuShen coabnagrmppetics t he 5
vt ror cienot g PSedrty B i PE" Ao, fiehfud e fhdaetocafingl et |
fabri ; L G ' L. | atively. | ,
Tigh val e RnAg bafts SenEHER R b3 TR ruticBed Bl K et car ou
Flow. sgiptding fewdsensdrs ppélrel%ﬂ\gelgli%plﬁgtgﬁrﬁ%ﬁ_\é@h% ﬁl?ﬂﬁ?t[) Is sized and

shaped for béing placed 1 n-lTine. mni stration tube (e.g:-; tube

204) as partlrbn@etiiRnashl, @ raidfo-MEAdédbt RicroS@bricatad %ﬁ},gﬁﬁﬂg@g :3 éf nt,

such a flow sensor is integrated into an infusion set | | ui d
suppl y, positvedispladenseritdioivngetson) iseizdddied shﬂ(i;}?ed TP ek BRGed iflfine :
|

controller-and the reader are all part of a disposable unit. Finally,
al flRoughitivan adminigtration tuee (e.gRItEba 264 pas partasf o dispesdble agnefisnstsh . - 15 L
met hods for manufacturing fl ow sensors (or nolds therefor), other mcro
f abri ca¥blodnERSfHIrRIBROGIREHE sigha flowsedsorisdetegetbd infoes infusiardset ihor
exanple,,. sypchrotron LI anci techni ques that are not yet available for
- exploi t‘glf"FarjfBeE'fJ ; 3‘#’9'&‘-_" e pypRsiteaagministationtukes throtiowsensenitee f.or use in
< connect ddeotlel Anifine RIS ol G SF S BRRG s i1 © SN0, LN accordance
SR . :Finally, although UV LIGA' and/or deep.RIE are believed to be two preferred .
15 . - methods for m’anufadturing.ﬂowsen'so_rs_ {or:moldstherefor), other micro- , .-
.~ fabrication techniques:may-bé-substifuted ‘These techniques inCI_ude,-fon-exaﬁlple;' S
: synchrotron. LIGA and techniques that are not yet available for exploitation.. -
Fig: 7 is a top view of a cap piece 700, suitable for use in connection with-a:
positive.disp|acem_ent flow rate ;'sensor, in-accordance with aspects of the present £
20 invention. As explained above, one method of determining flow rate using a
| positive displacement flow sensor (e.g., sensor 402 of Figs. 4A and 4B) involves
. optically measuring the rotation of the impellers lobes. .For example, a small -
.optical spot is used to mark one of the iobes. A reader detects when the marked
lobe passes--é given point and can thereby detect the rotation rate of the impeller. |
25 . Because the flow rate sensor is a-positive displacement-type sensor, knowledge 6f '
the rotation rate corresponds to the actual flow rate:w: A similar technique involves a
detector focused down,._ into the sensor, that looks for a reflection due to an optical

contrast between the base and impeller. If the base is dark and the impeller.is
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20 invention. As explained above, one nethod of determ ning flow rate using
a positive displacement flow sensor (e.g., sensor 402 o1 bb&befb0oomd 4B)
i nvolves. optically nmeasuring the rotati on of the i npel |l ers | obes. For
exanpl e, W 204#003%40pt i cal spot is used to mark one of FREUSHWEEITH reader
detects when the marked | obe passes3k given point and can thereby detect:
the rotation rate of the inpeller. 25 Because the flow rate sensor is a

positive di spl.acenment : | e
Cor e SoleBRR I Gt B fEtirets, oo oL iofercble IdMEREL AT AePSZ
det ect feoti Htefthaeti on due to
an opt ﬁé%%BB §§"?r§g¥w n@{%@&}ét{ﬁ%&?ﬁ@?%@éﬁgﬁ??ﬂége Ifo?rze base :s daler and

t he 'mﬁ{)hiﬁfnd a darkeg &iper 2006 WO 2004/ 000394 PCT/ US2003/ 017740 -31
rel ative in contrast to the base, nost of the reflected Iight wll

occur Wﬂe” ﬂflgwlﬂﬁlsﬁém a!&mbtim\tcalpmngmmmleabsmﬂ saillusivated, thest er

detection rate than nonitoring a marked lob. Fig. 7 illustrates an

~ al t gr najdp/siete 708ilug impospd therbuppo g, patier 702 dhatseplicaten ons rospiopidice 700
has inposed thereupon a pattern 702 that replicat es one IF‘) .tion of the

two i npihbltepsmpellensiretative teganh othasr In precebaHnGRt.RAter %ﬁ?ﬂ%aﬂp'ﬁs'z i's

applied to cap %I ece 700 with additive oafgsses or subtra tiyve processes,

cr teatl lrig @Pt@l@% @gé‘iitlk%#qf%%?rOFﬁ@S%Sg?rt ¥e PEORESHSEE FEA Br ovi de i’;m
"F' t he ropgPensa urtare 1ha peaREA SaiPred 1§ Rt TR B Srtisd bRl o0 To e
. fjﬂﬁms%qfwe@ﬁéwﬂ ?égr%@%g“ﬁs% {3 7045 A Sl RIGARINEIBE 2, Ve y

2 gBt Th{fgad g{%@@%ﬁ%v}@ t’tté}wdz%% @R sﬁéﬂés%ﬂré!étﬂi@lybﬁr@aﬂmghpatter n

teh amount of [ight reflected back

(e g. LRRAAND iINRInEE e fRowf S6RIor o ight i¢ Refleataatibaciof t he
i npel I er&fgg ?ﬁ%@@ﬁ&&&g\(’g%éd firom under pattern 7%1; Thus, reflection

i nt ensi gymvhblrefitisQly &iBHt ingbdliet bes wisEmthesingmdibrapanet emosedtfm behislsoci at ed
with a lobe. For exanple, the refleced light intensity wl

5 éotatd, toy enmedingef l!gl@t\,r@ﬁg@tpdrback &g,

to an optical detector) varies as & function of the amount of the impeller 704 that is

~15  exposed from under pattem-702: Thus;reflection intensity will rise and fall to .-
“ denote :éé’éﬁ"‘ﬁéi’ﬁiél*rdt’étibﬁ ‘GsSciated with'a Tobs “For examiple; the reflécted ="
light intensity will increase/decrease at a known number.of cycles perrevolution,

" depending upon the number of lobes, thereby providing an indication of the
rotation rate of the sensor. Such-an approach allows-a less precise optical system
N 20 . to be used because the entire filed may be #lluminated.

| It is to be understood that the steps described herein are not fo be
" construed as necessarily requiring their performance in the particular order
discussed or illlustrated. Itis also to be undérstood that additional or alternative
steps may be employed. 1t'sh0Liid be further appreciated that the novel principles '
25  and processes disclosed herein are not limited to t‘iie particular embodiments
illustrated and described. For instance, flow sensors having a "dual layer” nature
can be fabricated (e;g., impellérs having pins on the bottom). As a more parti;:ular

example, impellers having pins fabricated on the b_ottom can be fabricated using



dependi ng upon the nunber of |obes; thereby providing an indication of ‘the"
rotation rate of the sensor. Such an approach all ows a Je5&dpiHs 66 OPti cal
system 20 to be used because the entire filed maybe illumnated.” It is to
be under s¥Y8F4YH4I%4t he steps described herein are not tecrws:acnstmeed as

necessarily requiring their performange in the particul ar order discussed
or illustrated. It is also to be understood that additional or alternative

St eps  MIYUYELI@PPhpuading|dnchetbger.o! ridiir SURERS! HepdidhBhe) BRanove

principles 25 and processes disclosed herein are not |imted

par ti cultherearitendixposirg, devblopirgabad aosraptetig. bk albepdsBRlERF RvefdOW
sensors having a "dual l|ayer"” nature L can be fabricated (e.g., 1npellers

havi ng pheorder-ttabribatet ping firsisand impedesasddond| Bindladgpsitcor stedirdgedan havi ng
pins fabricated on the bottom can be fabricated using 21 Decenber 2006 WD
2004/ 00e3aseuipy eich diozjropetters (or pins). . TimkseatieGAuinythaddifeg istameétovémy er
(i.e., anot qer SéJ—I ayer after step 506), and thereafter, exposing,
deve? opiAfg 2tiacheg ted bass i ¢leh Ping (arémpelierspossi bl e to reverse the
order-fabricate,pins first and.i. |l ers. second. Simlarly, silicon etchin
can be usedﬁ”&h%f'cntﬁ"ci' gl mag '@EB'?? HC%PHst?QhWHE?-%Qﬁ)éP%)éUWW%@ waf er ig
t urned . . d a_base.to etch pins. (or i | lers). Further,
tradit |§}é§f'e§fté%[}9ﬁﬁ%§8 %gt%rqug? PB?F%"SHH’&" Bﬁs.lrﬁﬁﬁﬁﬁé'%énm%wg ﬁg‘n.éﬁnnect i on
W th as : Ly ' ' l.eul machi ni n n, be
Used | neeoam EpnhcioRt FREE FIGR prdesliy £ ¥pbiedsTeanlRE pLATROdRE 2 ol o
that a ' | ; b AH ' N sone
6fe 16t RGNy Artital. CSudH fF;e%lture§(‘r)'!$5y InZRIdY, ﬁfs&ﬁ%ségﬁg@ﬁgeﬁgé

enbodi nents, 10 1 nput "and out put ports a positive di flow .

semtr . infutianadrautput Jorty 6TRbbSitvé UBMIKRAEHITIOWS 58kt Idie@ar, @ silicon & J
package (e.g., the silicon conponents-and cover 'slip) can be forned to fit

| nsi de falpicating dohoserisoys Ubiay siliconf aillcoatitkaye i(e 3 the@rlonP! astic

fabrication techniques.. Such a-plastic housing can -include, for exanple,

i nput af@AMGENENts gt cover@lippcan aeifatre o firiasidess plastic housing that is

- fabricated by traditional plastic fabrication techniques.. Sﬁlch¢a--p_iastic;--rheus.ing;.gah-.::,g-.r o Lt
-include, for example, input and output ports.. _ch'er Variatibns.ar,e__ poésible. o B

.15 - . Inview of the above, it-will be seeh;that-ihe several ijects §=f?th3--ih‘fehti§ﬂ' e

--r-fr-;-:areéé.théjzad=andr...other--advahtégleo_us-fesh-lts ‘at‘t_a_inéd; T
- When ,introducing-el'ément_s_of the present i_ﬁVe,ntibn or the preferred | 7
embodiment(s) thereof, the articles “a,” “an,” “the,". and ‘said” are intended to mean
that there are one or more of the elements. The ferms “Cdmpci's:ing,.’f “inciuding,” - ) _
20 and “having” are intended to be inclusive and mean that there may be additional
elements other than the listed.elements. . _ _
| As varioys changes could be made in the above construciions and methods .
with,out_departing,fromthe‘s,cép_e of the invention, it is intended that all matter . _ |
| contained in the-above de,s_&;:,ript_ion.',or shown m the acconﬁpanying drawings shall |

25 be interpreted as illustrative and not in a limiting sense.
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1.5 1n view of the. above,. it will be seen that the several objects of the:
I nvention are achieved and ot her advantageous results mog@;é}ﬁﬁbrzﬂben

i nt roducj el enents of the present |nvent|on or t he pre er

embodi meMt ?{g@f"?‘m?r‘eof the articles "a," "an," "the," 5%’”5%‘5??/8”7%{1%

I ntended to nean that there are omfi);3 or mor e of the elenents. The terns
"conprising,"” "including," 20 and aving" are intended to be inclusive and
nmean that there may be additional elenments other than the |isted el enents.
As varigusimpanges; could be made in the above constructions and methods

wi thout departing fromthe scope of the invention, it is intended that all
matter contWHAqUS OLAMEBO®Ye descri ption or shown I n the acconpanyi ng
drawi ngs shall 25 be interpreted as illustrative and not ina limting
sense:. i 21 Decenber 2006 WO 2004/000394 PCT/US2003/0 1 7 74 0 -33 CLAIMS
WHAT IS CLAIMED IS: 1. A systemfor delivering a fluid at a desired flow
rate froma 1. resé‘rsxﬂtﬁimfﬁl' detivaringea fluidatia desiradiay efeifam aa patient, said

system conpri si ng a deljivery ¢ ag 4 bet ween the reservoir, and the

del | verrgs%pmtomﬂqyu@w pcmm @$§ Mithga patient; $9idYgtans PSS ent; 5 a
punp associ at ver channel. p atlvel elivering the
fluid to thé @%1"?%&? ] r(ﬂsﬁgfogbﬁ"@%\?t%ﬂ't"el:ya[’%' YA sensor

| ocat e%ﬁ%lﬁg%@]géggél \}é%gt(gn.@@ﬁe,{tor sensing a flow of the fluid in the ~

delive of "generating a flow rate signal indicative of

a-rgte of f'aOﬂhrH{JtalE;ggcgl S tl'nﬂ'lé&@lnfé%bﬁﬁﬁﬂel &a&g%uva Fladlivdrmyy sensor _10

acenent flow sensor a control l'er for
cont r okjd Agid:Behe BBRvery FoihteR B Tjhﬁébl‘eaélﬁpmm@d%t rnents to, output rate
of the punp as a function of the flow rate signal :
a flow sensor located along the dehvery channel for sensmg a flow of
the fluid in the dellvery channel and for generating a ﬂow rate sngnal lndicatlve

of a rate of ﬂow of thde ﬂu_l_d in the delwery channel said ﬂow sensor__

10 compns:ng a posmve displacement ﬂow sensor; and

acontroller for controllmg the pump, saad controller causmg o e e

ad_;_stmentsto the output rate of the pump as a functlon of the ﬂow rate StgnaL

B f--\_“ TR

whereby the deswed flow rate is substantzally achleved

2. A system as set forth in claim 1 wherein the flow sensor

comprises a passive device'having no electrical connections thereto.

3. = Asystem as set forth in claim 1 wherein the delivery chanhel -
comprises an administration tube and the flow sensor is sized and shaped for
‘being positioned in fluid communication with the fluid within the delivery

channel.

e

4, A system as set forth in claim 3 wherein the ﬂow'sensor

comprises a MEMS device.



whereby the desired flow rate is substantially achieved. 2. A system as set-
forth in cI aiml wherein the flow sensor conprises a pasbcyemise\ooe havi ng
no el ect ryga) ngctions thereto. 3. A systemas set forthin claiml
wherein the 3e19| very channel conprises an adm ni strati AETUSW3ANT44 he ] ow
sensor is sized and shaped for bei#§ positioned in fluid conmunication
with the fluif. w tAisystdie ageldt : jm,‘; set forth in
claim 3 whérein the ﬁ‘yl ow senso!m%?ngéﬁgg?hem evi ce. &3‘1 Decenber 2006
WO 2004/ CUDRISPAT as38a0AhitrdMnolddd cBmpAnedist em as set forth in claim 3
wherein the flow sensor conprises an assembly of m cro-nolded conponents.

6. A systemas set forth in claiml| wherein the flow sensor is capable of
detecting flow rates fromabout 0.1 m/hr to about 2000 mi/hr. 7. A system
as set forth %n cI%rsbﬁtﬁm as sptforduinmlaisi hwhereindble floassafdopieed with the '
fl ow ser]%%r k]orfw% the flow, rate signal and providing a flow

contr ol 6}? o PE 9' Wersrf&)mramm atlenbhiicedboit 20D0cmithy, ol | er

receiving the f]low control signal and adjusting the output rate of the
punp in response thereto. 8 A system as set forth-in claim7 wherein the

fl ow sensor onpr eII r.for rotating in response to the
flow of the f7|CUI dAgﬁ&? Sg%%iﬁﬁbt'?g rﬁﬁﬂ‘ﬂrﬁ@gﬁéﬁﬁdﬁt e signal

conpri sessacl | otati f the rotatable
i rrpme)l ler, Sangm\/\ﬂgﬁl&khﬂe {1?‘]\9 S%?ggﬁfe&{ géc:%@rr\f)'ﬁé i‘g%ﬁéw r@tﬁ ?"SQPP?@@B@WQ'% ponsi ve to

" the opt adiiw contrelaligrd indiéativel Mhd g ﬁa’f@s@hgp’ggggém%ﬁﬂfﬁ#nal 9. A system

- asset forth. in claim8 wherein. the optic
" sensor ﬁw&mgoatrotsﬁrgmltamdjumg the output rate of the pump in response i

BCRBGt he f1 ow

thereto.

8. | A system as set forth in clarm 7 wherem the flow. sensor ..
. comprrses a rotatable rmpeller for rotatrng m response to the ﬂow ef the: ﬂurd
in the administration. tube and the: ﬂew rate srgnal compnses an optrcal
| mdrcatron generated by a rotatron of th__'_‘_roﬁatable rmpeller and whereln the

5 'reader comprises an optrcal reader respensrve to the optrcal rndrcatron for

providing the flow control signal.

9. Asystem as set forth in eleim».a wherein;: - S s LJ
the optical reader illuminates ihe flow sensor causing a reflection frorrr
_the rotatable impeller; and |
- - the optical indication generated: by the rotation of.the rotatable. impeller. .
9  comprises a variation in an intensity of the reflection from the:rotation of the -
rotatable impeller. '




the rotatable inpeller; and the optical indication generated; by: the
rotation of the rotatable. inpeller : 5 conprises a varpédentber OGN
intensity of the reflection fromthe: rotation of the rotatable inpeller.
21 Decenm®} 2004/09394\D 2004/ 000394 PCT/ US2003/ 017740 - 3PCIWUS2M34YEdem as set
forth in claim7 wherein: the flow . sensor includes a rotatable inpeller for
rotating in response to the flow of the fluid in the adm nistration tube;
and the reader conprises a Hall sensor that senses an electrical signal 5
caused by a not at jpofysedm idaesct b abelginh PRERre: and provides the flow
control signal in response thereto. 11. A systemas set forth in claim1l
further corrpthesﬂcmgseasmreadeﬂeeeeotatablednwetlerfbheotfatmgv:memhsé@cb receiving
the flowrate signal; and a wi rel ess comuni cati on channel between the
reader tredflowiof treofiisid d ther adwidiistratiendebepad/i di ng a flow control signal
indicative of the flowrate signal to the wireless ' comunication
channel and B @agdehepmprises aédgl sensgr thas sensewaa@ﬁecptticalﬁi@reu via the
_ ess co ni cati.on gﬁgnel nd, ca Si ng justpents to the. output
rat of C@q*ﬁe%%rﬁ rotatipa %tnape 'fzans&pwg@eﬁf%ﬂe‘ytcomfplh in claim11l
wherein the W reless ., co ni cati on channel conprises a spread spectrum
commm%'g'f‘?]o'ﬁ reﬁ‘ﬁ%ﬂﬁ?eﬁh Ff'gmlatl ng in an.unlicensed frequency band 13. A
systemas set forth in'claim1 wherein the delivery channel conprises an
adm ni stration tube and the punp conprises an infusion punp |ocat ed al ong

the. adm ni styfti op\ s&%ﬁ) aé?‘;etférﬁ'}’ﬁt(ﬁéﬂﬂ?‘?fﬁﬂ{erfc{&nﬁcﬁhélﬁb €l aim 13 wherein the

infusion punp is a_"peristaltic punp, pi ezoel e punp or a valve punp.
O - a reader associated with the flow sensor for receiving the flow rate
signal; and

a wiréless communication channel between the reader and the

9 _ controller, said reader providing a flow control s:gna! lndlcatlve ofthe flowrate

sugnal to the wweless cemmUmcat;on channel and Sald contmller reeewmg the
flow control signat:via the wireless commumcat_lon channel and causing -

..adjustments-to the:output rate of the pum sponse thereto. -

12. A system as set forth in claim 11 wherein the wireless .
communication channe! comprises a spread spectrum communication

- chann'el'operétingih an-unlicensed frequency band:

13, Asystemas setforth inclaim 1 wherein‘the delivery channel -
comprises.an admsmstrahon tube and the pump comprises an infusion pump- .

located along the administration tube.

14.. : A system as setforth in claim 13 whefein the infusion pump is a

peristaltic'pump, a piezoelectric pump or a valve pump.



21 Decenber 2006 WO 2004/000394 PCT/ US2003/017740 -36 15. A system as' set"

forth in claim13 wherein the infusion punp conprises gnpadicrbany

i nfusi on : 6. A systemas set forth in claim13 wherein the infusion
punp cor%&iqgﬁé‘é'%‘?%ol unetric infusion punp. 17. A systefCA8SIMB/MTHAh in

claim| wherein the delivery channeP® conprises an adnini-stration tube and

the punp conpiS. sesh agsterr 4 sEYoRHR cldifl M WRAeihIn RfudBiplm) rat 1 on tube,
and whereéin the reservoir conprises a syringe barrel having an input

openi ng camprisesar aubutatodyi infusiwep@npyel y 5 connected to the administration
tube, and wherein the infusion punp conprises a syringe plunger slidably
inserted into the syringe barrel through the input opening and a pl unger
driver responsive to the controller and operatively connected to the
syringe plund€ f d¥sysieni agset fodbiin claim B whiesain tes infadios puehsyr i nge

pl unger, wher eby %ge p?silive di spl acenent of 10 the plunger operatively
del i ver ECHIREISERA YUURSIHGIBTURION PUMP. poi nt and the output rate of the

i nfusion punp is adjusted by adjusting the positive displacenent of the

pl unger caused by the plunger driver. 18. A systemas set forth in claiml

wherein. th i ' lsatile fl fil dth

oont ol o sdi et Bedltemihe o HBAIR wRafiin Bt ooy ShaBhel p-ﬁh low
te h |4yl St i b i Stic . ing to t

dest r o TRAREE BRIy b e SHAIRE bR RPRIER PEIRERRAINS, he- desi r ed

f1 oW r annerDem bt GRS adminiSRatioN tibBYarkd Wﬂerréhethérl‘%n%r%ir %Bﬁ@frﬁgg% adj usts

the output rate of the punp such that the outpu ow ra
© ti me- vasyinge tedreelduiving shiisput opehir dhRAith drifRetpeaRidyf | ow rate. 21 .

Decenber 2006 WD 2004/000394 PCT/ US2003/01 7 74 0 v )
5  connected to the administration tube, and wherein the infusion pump
comprises a syringe p.!unge_r slidably inserted into the syringe barrel through
7_ the inp_q_t_ qpep_ing and "la“plunge;;driver responsive to the controller and
operatively--can}lectéd td t'hle-syringe plunger for causing a posritive | :
displacement of said syringq_-plunger, wh?reby _the:-positive displacement _ﬁf R ;
| _ 10 the _p‘ly_"ngg[gpgrétively deli_a/,e(éz,f_the fluid. t_éy the‘delive_!y p_eiﬁtahd the output ‘-

rate of the infusion pump is adjusted by adjusting the positi\}e'displacement of o

the plinger caused by the plunger driver.

18. A system as set forth in claim 1 wherein the: desired flow rate.. - - )

comprises a pulsatile flow profile and the controller adjusts the output rate of
- the pump such that the output flow rate has a generally pulsatile. characteristic

- corresponding to the desired flow rate.

19. A system as set forth in claim 1 wherein the desired flow rate
_comp_rises a time-varying flow rate and the controllet adjusts the output rate of
the pump such that the outputflow rate has a time-varying chéracteristic.;

corresponding to the desired flow rate.




'systemco HSl&?S‘ fluid

.37 20. _ A systemas set forth in claiml wherein the controller provides

a flowrate status signal and further conprising a stauBedatidreo®g
device providing an indication of an operating status of the desired flow
rate in WOUBHMHEHP4 0 the flow rate status signal. 21. RCETHSe@OESIset forth
in claim?20 wherein the flow rate stzatus signal conprises a signal

i cat | on of%; he”oetetfids el P Y FIRERIT sl R Res  an
i ndi cat flew rlaﬁt,eét"attfsyélgﬂalté]ﬁffuhﬁgr %ﬁh{)ﬁﬁﬁ acélﬁﬂ&eﬁohﬁ&nr\?a 8&@8&396 22. A

systemas set forth in claim?2 her“conprising a

comuni prividing ehdndiehtibiobr i a?é@tmg'mUbhﬁtﬁé BUsHEd Row rae signal fromthe

controller to the status-nonitoring device A system asset forth in

cl ai m 2zspoesetmthdowiratel ststers sigaiuni cati on , channel conprises a spread

spectrum comuni cati on channel operating in an unlicensed frequency band.

24. A closed-loop fluid delivery systemfor delivering a fluid front-a.

reservoir to_a delivery point associated with a:patient at 6 desired:

delivery ratél- vih syptedamssetiortinohioude wheatio the fisedratestatus | ui d del i very

eli ver ans | qcated. al ong t he adm nistration
a

t ube flcﬁ' &pet ?'Qé‘ab'ﬂas‘f‘-ﬁﬂ\gep qcihaélet'ﬁﬂt‘%éf?}!l‘éﬂfy@ pngans  at ia |

ot wearviaie Rl BttoatbR ol ind BRtNG foiR 6P GERTIb Ao aRtercmapriase: ng an_ -
| d f

¥ ow r b eiceRh identtifio thatthe devd R ErRne B8y A WBARR Ao of Ctha Trurd 1

~ the delivery channel; and 21 Decenber 2006 WD 2004/000394 :
'PCT/ 1JS2003/ 017740 -38 control means associated with the fluid deli very

nmeans recei ving gdystem as set forth in claim 20 further comprising a wireless
communication channel for transmitting the flow rate status signal from the
~ controller to the status monitoring device: + - "=+ .
A system as set forth:in claim 22 wherem the: wweless

commumc_:atlon channel comprises a spread spectrurri commumea‘tlen

channel operatmg in an unlicensed frequency band.’

24. A closed-loop fluid delivew--_systém for delivering a fluid from a
' reservoir to a delivery point-associated-with a-patient at-a-desired delivery rate
via an administration tubé, said closed-loop-fluid delivery system comprising:
fluid delivery means located along the' administration tube for
57~ operatively supplying the fluid to the delivery point at a confrollalﬁ’lébutput
-rate; |
- positive displacement flow sensing means located-between the fluid
delivery means and the delivery point for sensing an-actual flow rate of the -
fluid in the delivery channel and for generating a flow rate signal indicative of -

10  the actual flow rate of the fluid in the delivery rchannel; and



responsive to the flow rate signal for adjusting the output rate of the’
fluid deli very means such that the desired delivery ratepatenairebod he'
fluid is yw to the delivery point associated with the patient is
substanti aI Iy iqg Athi eved. 25. A closed- | oop fluid deli PEMUSRHSeTMHEAS Set
forth in claim24 wherein the positt¥e displacement flow sensing neans is

s1 2ed and shapmirolimeartehnchasd it 04 i Bbilgly CRIMIEaMEN N Th the

fluid within the admnistration tube.

syst em d@spensiverte the flowiratersigrial fbuaajaetmg ﬂi@éutﬁhﬂﬁat@%tfﬂ?é filygeans

associ at wi th the positive displacenent | ow sensi ng neans for detecting
the fl o ety Biegﬁﬁlsuéh(ﬁlatdhemimdldegveryh‘amt WhishtRé filligRal indicative of
the flow raﬁ1 ? g’fﬁi and wherein the control nmeans 5 receives the-flow
cont rol S4PgHISH to Hryd

respg)ns% hpeﬁje to. 27. A closed-loop fluid delivery systemas set forth in
clarm 2 her conprising a wreless comruni cati on path between the
detector neans and the control neans wherein the detector nmeans provides

‘the flow control signal to the control means via the wireless

comuni cat i opschapghg %&ﬁ‘}ﬁ)ﬁ‘ﬁéﬁﬁfﬁl oo fI ui (rjﬁ?? I | very system as set forth

in claim24 wherein t %’E’é"hcﬁifﬂgétlleflow
prof i | ewdvaseintRe %@ﬁtﬁ/@'dasdﬁ&?ﬁeﬁfjﬂ#ﬁ% 'nsﬁﬁég g,%tfg? %?%é't IU: g

del i very neans such that 't he outpu

char actMl!:&!lmg:paéltlmnﬁmﬂd%@ﬁﬁnum@aﬁ&?%tﬂ Eo?@lﬁﬁﬁ{' bJﬁﬁOOB/ 017740 -39 29,

A closed-loop fluid delivery systemas set Pm 24. wherein the

“cont roladma‘rlstrqltlun/ﬁwes a status signal indicative of the actual flowrate

and said systemfurther conprising nonitoring means receiving the statu$ ;)
signal for indicating an operating status of the fluid delivery system

26. . A closed-loop-ﬂuid- delivery system as set forth in claim 24
| further compnsmg detector means assomated WIth the pos:twe dlsplacement
- “flow sensung means for detecting the flow rate Stgnal and for prov:dlng a ﬂow

- control s:gnal indicative-of the flow rate s:gnal and wherem the control means

i STfA-.,,_._...;receLves the flow control. signal. and ad}usts the. output rate oﬁthe fluid: de_l;ve[y

means in response thereto.

27.  -Aclosed-loop fluid dehvery system as set forth inclaim 26 -

-

' further oompnsmg awireless commumcatzon path-between the detector
means and the control means-wherein the detector means provides: the flow

- control signal fo the control means via the wireless communication channel,

28. A closed-!oop fluid delivery system as set forth in claim 24
wherem the desired-flow rate comprises a pulsatlle flow profile and the control
means adjusts the;output_-rate of the fluid delivery méans such that the output:

rate has a gen erally pulsatile characteristic.

aliyens Peint Reseciaist witlatree patierés Slibdtdntigly very neans in -

bl




30. A closed-loop fluid delivery systemas set forth in claim29 wherein
the status signal conprises a signal that is indicativeafpaeiheck@ge 1 n
the adm ni stration tube and wherein the operating status indicated by the
noni t or i NP AMMW3¥onpri ses an indication identifying tREI/EYR03/017740
adninistration tube is blocked. 3% . A systemfor delivering a fluid from
a reservoir a gdeld I H ¢ ﬁ,%}f | ] \L.epnt,at a desired
delivery rat ggili aﬂgdrlléée{ﬁfm r?PgItuﬁﬁag?]on ﬁggtbﬁﬂ%ég?%ﬂg@gﬁ @Hag@n%fl sing: a
del i ver wheesihané sohieflehaany SlavidelseitedsiBRAMRSRRatife of Areeid@hy and 5 the
del ivery: point, said delivery nechani smbeing constructed and arranged
for sel Bowiratd gndishid\systang furtiericbmpdising tbaitclig kesansretsiving thet he
adm nistration tube at a controllable output flowrate; and a cl osed-1oop
cont r ol sigjus signaldnt inglidating arheparating staftioal thatfiid délivery sydiem.ver y
mechani sm said cl osed-1oop control system conprising: 10 a positive
di spl acenent fl ow sensor connected in-line with the admnistration tube

for determ nipng an actual fl o rate of the fluid in the admnistration
tube and, fo @T OV‘R@?Q?& "HOPIﬂHﬁ‘i’%{W@W Aytenk asosetdarthdr claig 2%e actual flow

rate; (o] ] wi th.the posit.ive displacenent, flow sensor for
5 Fec HORRIF IE SBRE LT Hmntiseda SR el s mIPalirhg biodkRl Bont 1 o

si gnal f ' ; | Latelngl. WeTak \YAP- B ol | | er associ ated
u n-t B gfiristRioR e At bicfeih Bl ERk ARy RIS BB M e Fow ont r o

si gnal hehit6@ hidlahs REnidies ichtioNideRlifyir . SiR68, 2006 WO
2004/ 000394 PCT/ U8aZOO3/ ﬂ?%ﬁ%hqgaelﬁée@\r‘@d%@ﬁ ﬁ%ﬁ?ﬂ%ég%nct | onn of the flow
cont roltybkd®dlockegh that the 20 output flow rate i's su'_bst antially equal to
“t'he desired delivery rate. 32. A systemas set forth in claim31l wherein
“the positive - displacenent flow sensor is sized and shaped for being

positioned within the

31. A systemfor delivering a fluid from a reservoir to a delivery point

: a's_sqcia'ted'with a patient at a desired delivery rate via an administration tube, .-
o é‘ai’d's?s’tem cbmprising:,:;-' T e e e
L ,__a:’del'ivery'mechanism operatively connected between the reservoir and - -
-2 5 the delivery-point, said delivery mechanié_fﬂj=‘b§i"ng constmctedandarranged
| for selectively delivering the fiuid to the delivery point vialtﬁe?at.im_inisir;ation e
tube at a controllable output flow rate; and ' _
a closed—!bop control system controlling the output flow rate.ofthe -
delivery mechanism, said closed-loop control system c;)mpris'ing:
-10 | positivé displacement flow s‘énsor connected:in-fine:with the
- administration tube for determining an actual fiow rate of the ﬂuid;- inthe: .
administration tube and for-providing an-flow rate indicaﬁon reflecting the -
actual flow rate;
a reader associated with the positive displacement flow sensor for
15  receiving the flow rate indication and for providing a flow control signal .
reflecting the flow rate indication; and _
a controller associated with the delivery mechanism receiving-and. -

responsive to the flow control signal for controlling the output flow rate of the -



~ below the flow rate threshold conprises a visual alarm

adm nistration tube in fluid communication with the fluid. 33. A system as
set forth in claim31 wherein the delivery nechani sm cohpetseiserad006nf usi on
pump. 34.wh8dhhsidyas set forth in claim33 wherein the infusion punp :
conprises a syringe punp, a peristaltic punp, a piezoel FETASL0G50TT00r -
val ve punp. 35. A systemas set forth in claim33 wherein the infusion punp

conpr i sedelyanamechanisnyas affusciion @mié.ﬂo%copﬁnﬂ)é‘ié@é]’sﬁéhsiﬁét thgrth in claim
33: @herein t he i nfusion punp conprises a volunetric 1nfusion punp: 37. A
sysfEm LR fiqwrata is substantialiBaqual to ties desired Hsiigy dami. r el ess

communi cati on path between the reader and the controller, saids reader
providing the flow control signal to the controller via the wirel ess

conmmuni cat i o\r;,' patll".} 333. - A Séfstem as set forth in claim31 wherein the
desired delivéry /tSYslephassetioahdn slaimast waeminithe ppsitivefi | e and wher ei n

the con [ the delivery mechanismsuch that output flow rate
has- a s&jg%'ééﬁrﬁ"%ﬁ%"%é@%?’i 1§ sizegpnd Shanacir being powtionssbwitabobe - 41 30 A
system ag 0 H Iy r ri,sing a status nonitor and

wher ei n tﬂgﬁgﬁ%@éﬁqﬂ%‘gﬁc@%%%é@é@ W&g\%‘ﬁlbg'r status signal indicating

when .the actual flowrate is below a flow rate threshold, said status
noni tor receiving the status signal and providing an indication that the

“actual 1 owBBat eAisysbahay sdtdorfth %Qﬁﬁ%ﬂpﬁ@@ﬂﬁ{%dé‘&eﬁ system as set
e actual

forth in cl ai_m 39 wherein the indication that flowrate is
bel ow tm@chanwnmrapﬁbesahcihfdsianrmjmp,es an audible alarm 41. A system as

set forth in claim39 wherein the indication that the actual flowrate is
| 34. A system as set forth in claim 33 wherein the infusion pump
- comprises a syringe pump, a peristaltic pump, a piezoelectric pump, ora
vaive pump. . |
-35. - A system.as set forth in claim 33 wherein the infusion. pump
 comprises an ambulatoryinfusion pump. . - | |
36. A system as set forth in claim 33 wherein the—-infusion pump

comprises-a volumetric infusion.pump:

37.  Asystemassetforth in claim 31 further. comprising-a wireless
~communication path_betWee.n the reader and the controller, said reader
providing the flow: control signal to-the controlier via the wireless

communication path.

38. - - A system as set forth in claim 31 wheréin the desired delivery: .
rate cOmprises a pulsatile delivery profile and wherein-the ccntroll-er'centrols: -
the delivery-mechanism such that output ﬂow.réte_;.hés--:a.substantially-pulsaﬁle

‘characteristic.




42. A systemas set forth in claim39 wherein the indication that the
actual flowrate is belowthe flow rate threshold conpr2sBscanbidr@esi ng
alarm 43. A closed-loop flow control systemfor controlling a nedical
fluid delivery system said nmedical fluid delivery systemdelivering a
fluid froma reservoir to a delivery point associated with a patient at a
desired delivery rate via an adm nistration tube, said nedical fluid
delivery systemincluding a delivery nmechani sm operatively connected
between the reservoir and the dehkvery point, said delivery nmechanism
bei ng constructed and arranged for delivering the fluid to the delivery
point via the admnistration tube at a controllable output flow rate, said

cl osed-1 oopzh! OWAGYBfehPhs %éét%ﬁﬂ‘ir?@l%ﬁﬁisﬂifﬂﬂher%q?ﬂﬁ'ismg‘é&s@t@' acenent flow

sensor connected in-line wth the admnistration tube for determ ning an
act ual nfdrier bt vieireih ke Elobed-Hadp ddretrol aglstemi irbvides arstatudsigaatl for provi di ng
an flowrate indication reflecting the actual flow rate; 21 Decenber 2006
-42 a ireticidingagyacthatastialilow ratieds pelowt & few dateghmsbaldnsaid stalus ensor f or
receiving the flow rate indjcation and for providing %ﬁfl ow control signal

r ef | ectMaitior FreefMingiheftatup signabandprovigieg an ishratien it thgageRhated with the
del i ver,y nmechani smr.ecei vi and, responsive to the flow control signal for
cont rOﬂ%-Wﬁ@Pet‘ﬁ@equBlﬁﬁqw :ﬂrkfgt“?;ffeah%lg' the delivery mechanismas a function
of the flow control signal such that the output flowrate is substantially
equal to the desired delivery rate. 4 4. A closed-loop flow control system
~as set forthoin AlsgsenfassetfbBah @ blalrh S9R@sdrbin\Ae tHdigitiepeh@tithef | ow sensor is
si zed and shaped for being positioned within the adm nistration tube in

- flui d eotualfiow asteds belowhthe Hlew natslthceshdid nompriges amaddibedslamop f | ow cont r ol

- systemas set forth in claim43 further conprising a wireless
comru_ni cati on channel between the reader and the

41.  Asystem as set forth in claim 39 wherein the indication that the

actual flow rate is below the flow rate threshold comprises a visual alarm.

42. A system'as set forth in claim 39 wherein the indication that the

actual flow rate is below the flow rate threshold comprises a vibrating alarm.

| 43. A closed-foop flow control system for controlling a medical fluid
delivery system, said medical ﬂuid delivery system delivering a ﬂuid from a
'reservoi.r foa delivery point associated with a patient at a desired delivery rate
" via an administration tube, Said medical fluid delivery system including a
‘ 'delivery mechanism operatively connected between the reservoir and the
de!ivery point, said delivery mechanism being cohstructed and arranged for
delivering the fluid to the delivery point via the administration tube at a
| controliable output flow rate, said closed;locjp flow control system comprising:
| a positive disbfacement flow sensor connected in-line with the
_' -administration tube for determining an actual flow rate of the fluid in the
administration tube and for providing an flow rate indication _reﬂecting the

actual flow rate;




controller, said reader providing the flow control signal to the controller
via the wreless comunication channel. 46. . A dosed-410898. w2660t r ol
system asset forth in claim43 wherein the desired delivery rate conprises
a pulsatile delivery profile and wherein the controller controls the
delivery mechani sm such that output flow rate includes a substantially

pul satile characteristic. p 21 Decenber 2006 -43 47. An adm nistration set
for use in connection with a fluid delivery system said fluid delivery
system bei ng arranged for delivering a fluid froma reservoir to a
delivery point associated with ad4datient at a desired delivery rate, and
wherein said fluid delivery systemincludes a punp having an output rate

for deliveri agehdat fsbsiaBdwith it u%ft‘ﬂjre([ﬂ Qigﬂg{:gﬁ%&%d\v .SéH%o?ﬁjJPt and a

controller for adjusting the out e punp’s

- del i ver seceating tiee flawie adication/add R PreAding LG Eohtrsi Sighafn Sl
conprising: an adm nistration tube for providing fluid Comunication -

bet weenreflreting thedlovoiate inicatiom; datii very point; and a positive di spl acenent

- flow sensor |ocated along the adm nistration tube being sized and shaped

‘for being podFetielies assoqatedowithy thadelivery oechanism teveivigiaddwi t hi n t he

drmi ni . , d e di spl —y ; »
Fat e of ehRR A8 tpianth Slavel fsprrolina heoputpubiowineie o thogener at f ng 5
fl i I Rdi cat | f t d f fl the fluid i th
Lo 1 Sty 814 Ml o O el o deRhgle T LULdoi " e
punp aﬁu{’blﬁ.‘ﬂaw‘ﬂa%‘iscgub%%tfahg‘@!ﬁﬁgiE) tﬁbQ{é"élred gggﬁa'& é_gﬁ'lnm stration set as

set forth in claim47 wherei positrve t flow sensor is
sized and shaped for being positioned wthin the adm nistration tube such

“that substanyi al J‘\ka?ééd-BB?tﬂpﬁo%lﬂrioﬂ?%%\#z{]s?@tﬁ@\&%gcaitn't]etifdm nistration

o tube to the delivery porn

wherein the positive displacement flow sensor is sized and shaped for being
positioned within the administration tube in fluid communication with the
medical fluid. |

- 45. Aclosed-loop flow control system as set forth in: claim 4_3 u further
| comprising a wireless communication channel between the reader and the
- controlier, said reader providing the flow contro! signal to the controller via the

wireless communication channel.

46. A dosed—loOp flow control system as set forth inéciaim 43f.
| wherein the desired delivery rate comprises a pulsatile delivery pmﬁlé'and ,
wherein the controller controls the delivery mechanism such that output flow

rate includes a substantially pulsatile characteristic.

that the desired




sensor. 49. A positive displacenent flow sensor for use in connection with
a medical fluid infusion systemincluding an adm ni str ayigdes®br Pd)g Ng an
adm ni stration tube, the positive displacenent flow sensor conprising: a
housi ng having an inlet port and an outlet port, said ports being
operatively connected to the adm nistration tube; 44- 21 Decenber2006 a
first rotor positioned within th_eah_ousi ng between the inlet port and the
outl et port; a second rotor posi tAI oned within the housi ng between the inlet
port and the outlet port, said second rotor being positioned adjacent to
the first rotbf, Anedaingtetiersekioguse dbaeniaestion withe Agiddsiveryuct ed and
arranged. tp rotate .i.n, response to a flow of nedical fluid,in the’
S n sttt G s G E RIS Be P auranged MESeiiiariear tdfam A ¢ ne
adm ni st | i : | . el t hat when the
r%?%r‘lvgﬂ' ﬁ g \%;%hv?]ﬂg)gﬂ'[t %%g&&#%r&%ﬁﬁ % rﬁ%{lgnteatrlaog%u%gi qé Ve

medi cal he 1 nlet” por cause I'rst’ rotor to

rotate gat, hhewhrtdif sarAiui GBHIcPRLystdm ihbtibes s;ﬁuﬁﬁp RAViRY'ah dugsutout | et port.

50. A positive displacenent flow sensor asset forth in Cclaim49 wherein t

h e fir satedoddelivedng fididrfainotise aehvdiratodha deliverapbiny andl d @lrtellesai d | obes
of the first rotor engaging said | obes of the second rotor in a gearing
rel ati of@hadiusting thaoptpsf tate ef tespump sheh that thedesiresodelivsnsrate fsorth in clai m

49 wherejn the housin nd the first and second. ro tors are fabricated
usi ng Wb%ﬂpé\aﬁ%ﬁviegn&eﬁwmﬁr@&?n SgbCOPHeAYt i ve di spl acement flow
sensor asset rdh.int. claim49 erein the-housing,and the first and
second rot argﬁ %Flémf'gtﬁtloi'a@hg}qrrp(ﬁ\@w@ QOWBFE‘.WHBQ b(?%%?’éﬁ‘ev! a a U-LIGA
Pr 0Cess radbdv i%mméddﬁe@mﬁﬁﬁ@m fl ow sensor as set forth in claim49

wherein the housing an Irst and second rotors are fabricated using a
a positive displacement flow sensor located along the administration -

tube being sized and shaped for being positioned in fluid communication with
the fiuid within the administration tube, said positive disp[écement flow sensor
for sensing a rate of flow of the fluid in the administration tube and for
‘generating a flow rate signal indicative of the sensed rate of flow of the fluid in
the administration tube whereby the controller adjusts the output rate of the

~ pump as a function of the flow rate signal.

48. -An administration set as set forth m claim 47 wherein the ?5_
positive displacement flow sensor is sized and shapéd 'fér being positioned
within the administration tﬁbe such that substantially all of the fluid flowing
thrbugh the administration tube to the delivery point fiows through the flow

" Sensor.

a9. Apositive displacement flow sensor for use in connection with a
‘medical fluid infusion system including an administratioh -'s'et having an ‘ B
administration tube, the positive displacement flow sénsor comprising:

a housing having an inlet port and an outlet port, said ports being

‘operatively connected to the administration tube;



deep reactive ion etching process. 21 Decenber 2006 ..45 54. A positive
di spl acenent flow sensor as set forth in claim49 wheriDedehthet QUSE
conprises a generally transparent covidr al | owi ng light to -pass through a
portion of the cover. 55. A positive displacenent flow sensor as set forth

in claim54 wh Wa} ' r.ot.or, C rises,a plurality of |obes, at
| east one’ of sa?i |f§%3t5£"33[5fgﬁ§§.‘fﬂﬁmﬁbe ﬁ?n@%"%gﬁmtkﬂﬂ‘eé&?mﬁﬁ‘dtﬁét i's
opti call )butﬁgt%;@bl e through the. cover. 56. A positive displacenent flow
sensor as set forth in. claim54 wherein the cover has a substantially

opaque pat t er na sERNREAIONEGRRShd RithintHE ?{Oﬂgfng%ét?(lggé ﬁ?é%ﬂ'héﬁ é)%ggtgﬂfs (r)?mas

passing through said pattern. 57. A positive disp
set fort Reeioutlet pont) Sid sebeneidtof b@inﬁaﬁsﬂmeurﬁ@!?é@&tggtﬁéﬁﬁs?ﬂﬁ f
t rotor. .

corresponds to a shape and the of e first A'positi've
di spl@cewmaist first and senend raters beintawonstriited! RidarfShgddfd RBAGRTP i SiNg a
reader positioned adjacent the first rotor, said reader being constructed -
and ar r affRPISSriogtiew of medical diuid indtheafdntihistriition tubb® fotdedddting Rsw PT ovi di ng
a signal f&% is.indicative of a rate of the flow of the nedical fluid 5 in
t he adni Rt ¥1& Tediss! g dn e administration tibes Bad det ect ed rotation of the
first. rotor,_ 59 : A positjve displacenent flow sensor as set forth in
claim58 wheR&ONet ﬁ%dgﬁlgaé%eﬁ@uﬁlﬁ@i suchtbat wher the medical fiid fivwis t he cover .
into the inlet port it causes the first rotor to-rotate and-thereafter said ‘medical

15 fluid exits through the outlet port.

50, A pos_-ithfe.d isplacement flow-sensor as set forth in claim 49
whereiﬁithe first and second rotors each have.a plurality of lobes, said-lobes
of the first rotor engaging-said labegiajffﬂﬁéﬁédond—mtor in.& gearing
relatjonship.

*

51. A positive displacement ﬂdW“ééﬁsor as set:forth in-claim 49
‘wherein the housing and the first and second rotors are fabricated using
micro-fabrication téchniques. - T | |
52. Apositive displacement flow sensoras‘setforthin! claim 49
~ wherein'the rh@tis‘iﬁg ‘and-the first and second rofors-gire fabm'catéd.- fromone or :
more molds créated via a UV-LIGA process. |

53. Adpositive displacement flow sensor as set forth in clahn 49
- wherein the housing and thie-first and second rotorsare fabricated'using a-
deep reactive ion:etching process.
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54. A positive displacement flow sensor as set forth in’ claim 49

wherein the cover comprises a generally transparent cover allowing light to

pass through a portion of the cover.

33. A positive displacement flow sensor as set forth in. c;ainﬁ 54
wherein the first rotor comprises a plurality of lobes, at least one of said lobes -

being marked with a marker indication that is opfically detectable through the

-Gover.

56. ' A positive displacement flow sensor as set forth in claim 54 -
wherein the cover has a substantially opaque pattern imposed thereon that

substantially prevents light from passing through said pattern.

57. A positive displacermentfiow sefisor as-setforth'inclaim 56
wherein the patter imposed on the-cover comesponds to a shape and sizeof -

L e

58. A positive displacement flow sensor as set forth in’ claim 49

further comprising a reader positidned adjacent the first rotor, said reader .

being constructed and arranged for detecting a rotation ‘of the first rotor and

for providing a signal that is indicative of a rate of the flow of the medical fluid -

 in the administration tube as a function of the detected rotation of the first

rotor.

>9- A positive displacement flow sensor as set forth in claim 58 .

wherein the reader is positioned substantially within the cover.



