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[err] Abstract: A fluid delivery system having a cl osegt besgmissrzone!
process for delivering'a nedical fluid to a patient (120 220?}. A fluid
i nfusi onVeQ 20| udes a punp (100, 208) for deliveri MG TALIHAHY a
patient via an adm nistration tube(122,206). A flow sensor (126, 212)
associ at ed 1 3 | Ldes Wplal ' of the
actual fl ow%%ltﬁeﬁ%@gwo%ysﬁ%?%&?%L?ﬁg?gg%)ﬁgfﬁr%@%% %ﬁgﬁTﬁ%ch a flow
sensor may conprise a positive displacenent flow sensor (402) constructed
using nmicro-fabrication and/or mcro nolding techniques. A reader (230)
reads tBACKSERAIND W TatINVEMNBIOMNd provi des an indication (234) to a
controller (232) for. controlljng the punp. The flow rate information can
al so be usedlfor biekiphthednuenftals i nformati on, such as the existence of a .
bl ockage (250) .in the fluid deliye st.em, 21 Decenber 2006 WO
2008 000304 ok TEsHES BRI NOHRG R4t EBsED- Loop FLow
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parti cukapkYo S0 ehpspd dhARindd auiveRpiig! systers and et hods for
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_ to a patient at a controlled delivery rate. 2.
Description of thpeBeiigoritthdPedtiagt y of fluid delivery systems are
currently being used in the nedical 10 field for-delivering nmedical fluids
(cont ai ni ng pBdiriedl bPfuid deliveryisystensabiensurrently Iseing asgd frotheumedicahd

. veterinary patients. It is often desirable to -adm nister such nedical

1 ujads fgldriel delivesing rpedicakituidie (dontaipinganedication surtitiag saline taned sat e of
~delivery may be exceptionally inmportant. In recent. years, it has al so been
f ound t on) teehurdanrndgadednary patientgadi switenygrsirale to adroigisder #intps to
adm ni ster nmedical 15 fluids automatically, over extended periods of tine.
A typi caledicd fyidsratpalativeldirecise delivrry falgse dn spme erses: ha e Bhti ent ' s
venous system using a delivery channel, whi g[h usual |y clorr%r I ses aél
~ adni ni stelaBMAY B SxeeRfion Vﬁm%fﬁyﬂh ERPGIYEETS- Jags also beenfoundto
' 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




‘connected to the patient using some formof catheter, needle, or the like.
Heret of ore, infusion punps and simlar devices known in2tDecanberPaoe 20

typi cal | y wi®boopiebged cl osed-1oop flow control to achieve precise delivery
rates. Rather, flow control has been en | oop because 'é‘&?ﬁ%@“?’?%’%"r ate

I nformation has not been used in controlling the infusion punp. A typical
accuracy of such systens, in terns of flowrate, is normally no better

t han abodimey/ F%%X%mﬂler adwpicakperistaltic type pumppbisies AiRAtéasfopAstiby)
mechani ca opents and tlgl_t 25 material/geonetry controls (e.g., of the
t ubi ng) P ﬂ‘fcfﬁ BiistEafian fubee Thindefsmationphotessorhanpesiibe eigstic abtoverghi eve

accuraC| 80/ F rt n- anbul atory punps often do not achieve
a five p cD ’8%8&1 "Qt'”lcg‘ﬂngﬁﬁ\llﬂ thenyeismeiriooeiput oftherpumpre

535883{ §8§’3‘3§9g@l%@%@€&%ﬁls’hgvatilggle@ofaﬂlagraé%hm%gf the p;%eﬁzegg?er 2000
t t
t EL'ess iht‘ﬁﬁ'a%l‘?rﬁm”aﬁ Bseated g Beaiatl 4 d-LeaT b &wf 5 S Behart | os of
t Az
st U omile Dbl puin Bo8RHTe bt B SQUGHIES of (e SithRUl At bhiRa 0V
appl i cat ratedha@u@cﬁmﬁw-fﬂ%ﬁ)rrtﬁé ifingt oaf I?ddrs%(l(%le a]ndl-zlo‘ﬂ)WténQ{eﬁ nd +/-10% at

0.1-1 m/hr. Another punp available fromthe assignee resent

appl i cati on héila the ddredobrracarscyianyes Hay 86 éc@épf b'léfor%%nléobl% , of use

and +/-10%thereafter. Wile the foregoing accuracy ranges

- accept abdreatesracsumcyis elesirablecfat emeamesawsbme#ﬂﬁjrra?péﬁ 195, {P.bher uses. In

song prior art systens, the 10 punping nechani sm associated W th the 2
i nf 4} orPtﬁUﬁpglrﬁeﬁhanssmrea:soeIﬂe whtthelmfasipnmum;b Remaeitrld slow of fluid in
. the adm ni tratr t}lube I's not. For exar’g‘ﬂ commonl y assigned U.S. Patent
No. 5,53% rdiglied il Bestyaldipw oigliid imthesadsmingstrationaube ds nat. Searsor f or

| unger for use in
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: plunger for use in controllmg the d:spensmg of ﬂwd from the syringe. Commonly
15  assigned U.S. Patent No. 6 078 273 drscioses a vanety of. known mfusron pump_
-systems such as, for example, roller pump systems, pertsta!hc-type systems
- valve—type systems and motor drlven systems. Further, commonly assrgned U S.

Patent No. 5,482, 841 drscloses a volumetrrc—type mfusron pump. An example of

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

T

- 20 | assrgnee of the present applrcatron 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 drscloses a pulsed -
thermal flow sensor. In such a system the fluid is heated by a pulsed heatmg
26 element. The fluid cames the thermal pulse through a flow channel to two sensor '. )
‘elements spaced apart, downstream from the heatmg element The transrt tzme of

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



systens such as, for exanple, roller punp systens, peristaltic-type .
systens, .' - - valve-type systens, and notor driven sysipasemiidoosr,
comonl y assigned U S. ' Patent No. 5,482,841 discloses a volunetric-type
i nf usi onWUAPBH0WAexanpl e of an anbul atory infusion pufST&243MIAMYsol d
under the mark | PUMP by the 20 assignee of the present application. An
exanpl e of an anbul atory punp may also be found in U S. Patent No.

5, 993, 420id Wty e ThulayecHpar QﬁPﬁc%thtr@qmr'éy teeasplRassh boamea®plrsel . For
exanpl e, commonly aSsigned U. S. Patent No. 5,533,412 discloses a pul sed

t her mal té teyfigiaris order to daietmine $ipat @ite infbenélian.d i s heated by a pul sed
heating 25 elenent. The fluid carries the thernmal pulse through a flow
channel to t\@hsepdor arteysters sesindfysmhtionegenerdtedrist pesiiinmal encodersheat i ng
element. The transit time of the thermal pul se between the two sensor

el enent @ngrdnaogess assqaiated avithom mtos skatbto certephasyinfisivn PP 2@/ 000394
PCT/ US2003/ 017740 -3 fluid flow v cifty. ~-Such an approach requires
t he %pppﬁéﬁlﬂ}%ﬁhﬁfab&vﬁéﬁ?n?ﬂﬂ@e .ﬁ.?aﬁﬁgt %Pug-gl}gr?%r(ﬁ%(ﬂoﬁ%g termine flow
rate infornati,Qn. er prior art.syste se infarmati .genetat ed by
poSi t i Oﬁg@"&ﬁ%@ﬁfé}(@f? 'h%gf‘d@cf&(f@f#’@'"g)s/%hl@?%d"eﬂwsw o t%'@fﬂ# to control
an infug| , , Ve- ' . .

6. 078, 274 rRE [heck AhpravEHRAR. b 25t 38y 50 TRELOARS fuld deeRl el ..,

| U OBGRITROWISIEE i SHEHRSRINCES! BbtefoERKR Eplbhd Roliahdi . they do

not cont 3l 1very in view of " actual flow rates. [n sone

cir CU”BF?é\ﬂQé aslRUAAtBIfforrmHEdh A8 HBRB oMbl hazel onidyaldRidRoRGaty at e
“i'nformation and tight control based on actual fluid flow rate 10 data.

Sensg@rsdagaich as positive displacement (PD) flow rate sensors, have been
in use for many years and directly detect flow rates. A typical PD sensor
includes twSawsop,asuehtasrpositvealisplgcememt (iPR) fibvatrate\demsorsypasedasn a flui d
flow, allow a relatively well-defined volune of the fluid to transfer from
one si dén use forananyiyearg and directly detect fiow rates. A typical PD sensor includes
' e twd-.com'lementary‘rotating:eleménts that, when'égxposed to:a flizid flow; éllé’\i_\_if-fé e
..i"elati.vely wé!hl;_-(;!.eﬁned volume .o.f- the:fiuid to transfer from one side of the se'nsci-r-’;;'j
15  another side of the sensor with each rotation (or partial rotation) of the rotating
elements.; Onéladvantage of PD sensors is that they: support a‘variety of ﬂUid‘éff
- with _s_ubstantially' equal levels of aceuracy:- In:the prior art; such devices-typically
measure large fluid flow rates and the requisite level of précis’ion-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 corﬁmercial infusion pump may require the-ability to deliver fluids over
a'wide range of delivery rates -(e.g;, 4 logs), including vefy- low flow rates. - |
25  Moreover, conventional manufacturing technigues jend to be expensive and,
| therefore, are not well-suited for use in manufactu'fing-disiposable items.
in-recent years, fabricatiioniec.hniques have developed that a!low for the

manufacture of micro-fabricated devices. Some of such devices are referred to as



15 another. side of the sensor with each rotation (or partial rotation) of
the rotating elenents. One advantage of PD sensors is Ph@lecéibyr ZX0pport a

vari ety luids wth substantially equal |evels of accuracy. In the
pri or artﬂﬂ%ﬁ%’gg‘i ces typically neasure |large fluid fREUUSHIEGI7a10d t he

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

be nat ch&lictwelectormechamiosl syetA(RMIFNES) Qbvit: ' | errent s and i nner
housi ng geonetry. Such. convgﬁtiorgal P g%‘ﬁ%%f?{’&m%\r}gf’!a%@%v'%%%

vel | - sui teshnigue fon fatirigating scchideviceeds eateribl b ¢ ﬂ‘gj +;¥ %E;@@éét ems. For
exanpl e, a commercjal infusion punp may require the ability to deliver

f1ui ds oPEPCeszing-del GAfigthograptie iGalvanafatraeng AbBrmdndPESS devBEhEdiRY Very
low fl ow.sates. .2? I\/Eéeover, conventional manufacturing techniques tend to
be expensi&EELYJN the ?éﬁé%,ﬂndrt@nﬁbmtemomwwmmétepswﬁtﬁdgrw_f acturing
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aspect ratio conponents. ing this tec

+an 10 aslasiied fighyaspectrat wils OB Fad AR nd PMNdcRoRB8, | L

-a netallized substrate material. The photoresi st ly

exposed the exgoerasdt sample is tkrabfionplaeig tin Qrtﬁ’vg]bp}hd@?]}‘lgéﬂ %f?é}iss(&% cﬁi\e%ﬁfaa mask

" pattern to formthe 10 desired hi gh aspect ratio wa di ation

~ "unzi ps"OTIRBINR herebaras afifMbihoSee devdment ook, Byaced in a
. devel Plsne of beePal b fé&éﬁééfyg%yby\?&%ezsatn-.riﬁoeetﬁgﬁ faief gf;‘;j:/ Of o
- .volume 2-(2-butoxye_thoxy)ethano!,.and 15% by velﬁm;a-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
) " immediate use or for use as a replication master. The entir_e-LlGA:.prcjcéss 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 £
20 (CRC Press 2001). - .
-LIGA has been identified for use in manufacturing micro-fabricated fitiid-
pumps. It is believed, however, that LIGA-based micropumps have never 5eénz
made available co‘mmércially; Cost is one substantial drawback of LIGA; itis
believed that there are relatively 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. | |



vol une of tetrahydrol, 4-oxazi ne, 5% by. vol une 2-am noet hanol 4, 60% by

vol ume 2-(2-but oxyet hoxy) et hanol, and 15% by vol une wat 2t Detdabsaaqobe i s 15
thereafter electroplated; netal fills the gaps within the PMMA to forna
negative image. The PMVA is then renoved: using a.solvent, |eaving a :netal
formfor either immedi ate use or for use as a replication master. The
entire LIGA process is, described in_greater detail in chapter 6, page 341
of Marc Madou, "The Fundanmentals of M crofabrication, the Science of

M niaturization,” Second Edition 20 (CRC Press 2001). LIGA has been
identified for use in manufacturing mcro-fabricated fluid" punps. It is
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foregoing, an inproved systemand nethod for delivering a fluid to a

pati ent desicebilove date 24 siestantiatly a2hidbed - FurSldyNARYie@Emt HiuchNVEPSTteaNE Her ei n
disclosed is, an inproved fluid delivery systembenefiting froma
cl osed- | 68p° trusted wn@pae@gmraamcms@bnfsatm ang/er mafdingrechoiques ensure t hat
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Such & spLodRRIEa %@ﬂe fﬁﬂ%&?%df SRR BRI B8 o1 0. fgﬁr. o bl or
[ -di tech t-eff , hl

i i ot 1t i ol S asifict b Mhufibn PorflE o B AR I BT BB 8y o1 om 1 or

del i veri assifddicily ?éte fronf8 pdcfibif | o_?%’délﬁseﬁ)é Bi‘ﬁﬁbés @8 With dae{ﬁu& tOfid very

poi nt associated with a patient. em | nc es a Ivery channel

bet ween systerndisetudes 4 delivéry bisarsiel beivesnak méserwlfmthémlﬁeryt;ﬂﬁntfl uidis
delivered to the patient. A punp is associated with the delivery channel

f or oper&reugh whigblthe Suidrig delinered to thet patiems. Al elimpeis \aspociatedavitiathe

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



adj ustabl e output rate. A flow sensor is |ocated along the delivery channel
for sensing a flow of the fluid in the delivery channek1&edehber Zp@6er 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 fginction of the flow rate signal
whereby the desired flowrate is substantially achieved. |n another
aspect, the invention nelateé_to a closed-loop fluid delivery systemfor

t . { !
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sensi ng -beldieged.s | ocated between the fluid delivery neans and the delivery
poi nt for sensing an actual flowrate of the fluid in the i delivery
channel and f bystijjeametheriaspect, thHednverdioa relatpsdb & s\diteratfordelivéringe flaidt ual | ow

rate of the fluid in the delivery channel. A control neans associated wth
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patient at a desired delivery rate via an adm nistration tube. The system
i ncl udesddlivdel poiat via tiee bdmisistratigreiubei atel sormt@iiablkt atpbEfiove estel Ae reservoir
and the delivery point. The delivery nechanismis constructed and arranged
for sel edosagdelpgp genirolaystegn corirals thadowtput floav rate lof ther geliveiynmestianisme

adm ni st_ll: ation é?be at a control |l able output flow rate. A
- he closed-loop control system includes a positive displacement 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 .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 control signal for controlfing 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.



|
|

cl osed-1 oop control systemcontrols the output flow rate of the delivery
mechani sm The cl osed-1oop control systemincludes a ppsbétantoedi2epd acenent
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 dizspl acenent flow sensor receives the
flowrare 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

Control i gnat el bebl e A oRRBRS B £ 808ed BB g NstemCr
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invention relates to a closed-1oop ow control system fo ntrolling a

medi cal Heliveds d@lidviegn aesesoir td Aelelieshy paintdssbelatealviittes patieritaem del ivers
a fluid froma reservoir to a delivery point associated with a patient at a

desi red desirededsaliveryrate/via amradndinistration tubleomhe nmedical lwidrdsdiveryl syktem d

- delivery, system includes a delivery mechani sm operatively connected
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an flow rate indication reflecting the actual flow rate. A reader

associ at digplacémentiiow senddrcendéctpd frcimewith thoadmistetioneasa foes the fl ow
rate indication and provides a flow control signal reflecting the flow
rat e i nddeigemising an acluat flaw rate of theoluidirethevadrhinistratior kubecanyd foechani sm
receives and is responsive tg the flow control signal for controlling the

out put fPEYding an Jew;rate ipdicalien jeflacting thasactual low raigchiredd®t the f1 ow
contr ol gé-s%%keds\%tq tﬁehgésiﬁv%edigﬁ%\ éjl%e}c'ntl oW géir%s%rirgcesl\lljebssthgri‘l%'iwarlaw
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.



equal to the desired delivery rate. ¢ 21 Decenber 2006 In yet another
aspect, the invention relates to an adm nistration set PoDetSabenP006
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

h [ he del i int. A ifi di spl fl
<1 ocat edal B phatshaehid: thelMttiopdebist o & ad BIiFbARE Sehigseisst or el ng
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fluid ingkdrasifoy &éli@(ﬁij' B6int HOR LD YRS ﬁét%?lt at bldewire@belivergRab, that is
i ndi cative of the sensed rate of flow of the fluid in the admnistration

t ube suchhe fhait detivary sgstenvintiades dj pusis having antquigputratecfoodelivedngflold as a
function of the flowrate signal. In another aspect, the invention relates
to a posffamiie msepraicteree delivesywpoinbasd a gopkrollerdor adjustingdbeiositputirate a

nedi cal

fluid infusion systemthat includes an admi nistratigon set having
an adm 14 RumistchiBat the dested deliveniralgiis subatantaly gishieyers Bhe onpr | ses a

hous! 19 AR i BS b A BUSA Bl B bR, 10, o1,
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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



The second rotor is positioned adjacent to the first rotor, and the first
and second rotors are constructed and arranged to rotabeéDcrembspRilSe to a
flow of nedical fluid in the adm nistration tube for detecting fl ow of the
medi cal WOR084/9083%he 5 adninistration_tube. A cover enBfHIEPRAEHousi ng
such that when the nedical fluid floWs into the inlet pert it causes the
first rotor to rotate and thereafter the nedical fluid exits through the
- outlet Rabkis pdifsrieat witigh he hbesih%%@ﬁftré@ﬂthwiyﬂetwﬁrdmbthe'amdtm;;om her

devi ces;  methods, and systens. 10 O her objects and features will be in
part apFaeariconddoion ippsditigraidadidcenttio threefiest natbt,and BRIfIES apESSRIa ON OF
THE DRAWNGS Fig. | illustrates one enbodi nent of an infusion punp. suitable
for userdtors 4% corsiectddandatrangabtscrotatefin regponserio eflow ef medigal Aujid
- a~bl ock di agram of one enbodi nent of a closed-|oop flow contrl system
sui t abl & theradministratiosrinbe forsietesting flow atedapdical YdimiRgi on  punp, such as

t he i nfusi f Fig. 1, a di t f the.i i . Fig. 3A
o a1 BANERGiatom abe; |4 GevérAnEiosss By BUPRRACh A WheR Y Ve & 30
fluid t ti t in. d i,t h | - 1.0l ,
Cur't sor Suiione 886 e B R B Ratiche sy SR WS ot SlbrBafit il PTOSESDL |
fl hart t.hat, ill t ] t hod of detecti d ti

2 bl ook RIS pHiy SR o GUBEROA Y, CX1 PR accor dance with aspects  of
the 'nvent"omteé‘?atg)eﬂq, p%e“ink/énﬁor?ﬁﬁg%m 'sre]?\%r%%@'ﬂtﬁéﬂ A&Vidds, MdtRBAY] ﬁw of

one enbodi ne ow sensor sditable for use in connection wth a

cl _osed(/,\bﬂg% % control - system such as the systemof Fig. 2..21 Decenber
2006 08 0394 PCT/ 1JS2003/017740 -10 Fig. 4B is a schematic
‘repygsent at i @ihéf ofjesisdhdieanmres wilhise enpadappatenttind in part pointed-out -

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.




fl ow sensor suitable for use in connection with a closed-loop flow control
~system such as the systemof in Fig. 2. Fig. 5 illustzabDeserhberexespl ary
process of,JHp! uring a positive 5 displacenent flow sensor using a
hi gh aspeg{ ra?’p@g%#t hographi c process., Fig. 6 illustrabP€Busmwosxenmal ary
process of manufacturing a positive di'%‘bl acenent fl ow sensor using a deep
reactive ion etching sequence. Fig. 7 is a top view of a cap piece,

sui tabl e for bige4Bris cosutemphatireptddeniatidtnef 4 isife AR RS ERbodhiW i '?Le
sensor, in accordance with aspects of the present 10 mvenP?@’n. tofd

Cor r espofie sgneer siritabte farhesedntoenaedtivh withe @l@gé@-&n%gﬂwgsoﬂ%i $ystdiir oughout
the drawi ngs. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS 15 "Refefring

now to t$HERathepstemiqfin Fig.id.| ustrates one enbodi nent of an i nfusion
. punp- 100 sui .abée for use In connection with aspects of the present,
i nvention. igha Iystiaes an exemplanyipsocesseof manufastugngrp pbelliveonpr i ses a

3 <phy UhBERByb bR aehSaP ushdr o aebrchisuo lihagrephic ioopsmel 106 - and
i usi on pumy 9ob IR BT 2l BRPrbfark grotnss ofsBAbvshI0 B aRpiTL@0. The,

modi cal TR AOWSRnRILUNES dbehlAttle gL lbinaSeniieaches The syri nge
Al s at tached 3o 1o Rhveh S s REcRd shtebie o BN Comfesbonti i 0h 0

syr i nge positiveatisfiddemént b thtedkdMB6PR AR 2t dide i | i s _constructed
and arranged so that the novable syringe r%@gmlﬁg%gﬁsé’?ﬁwep@ﬁﬁp ge .
pl uit@er inventiont o (or out .of) syringe barrel 108 in a controlled direction”’
al ong barrel 108. 21 Decenber 2006 WD 2004/000394 PCT/ US2003/017740 -11-

Corresponding reference characters indicate corresponding parts

throu_ghout the drawings.

e e e e WL T L L T L i e el TRl e

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.



R s odiagprmpticalbyiiligsteang arclossggoop-into

OQperationally, a user |l oads a desired anmount of the fluid to be
adm nistered into syringe barrel 108. Syringe barrel 108 Degembeintad to
housi ng 102 via bracket 110 and plunger 114 is noved into Position Wi t hin
barrel 198 200480%4on punp 100 is attiched to a patienPCYEFPYYT0 53 hunan
patient or a veterinary patient) vi a’'d 5 channel such as-an intravenous PVC
adm ni stration tube 122. The user enters the desired adm nistration
program on copkfationafied uddifoadslaidetived amauntpf #ifuid tmbe eldministevedrent  of
pl unger. 114 via driver 112 to deliver the fluid to the patient at a
pr ogr anpRfisyidevissiyel 18 SwingespordiiGg is ondurded dorhousing 402 oia prasyebm  To
this point, the description of infusion punp 100 and its operation in 10
connect { thamnd phursri et is hadveldastoopasitiarewdhial barrel 1 08¢ dafugiphdainp A0k nown
~infusion systens. In other words, fluid delivery is controlled in an
open- | deattasbh da-a paticnt 130 (e.9dashyaan patiepbeig VilarRat PFisghdafo act ual

e e il e A R
o, e B b o T R AR it
?lnfsgr g;%%ﬁ&‘g%a‘ ff‘ﬁ" gﬁf (éfﬁhﬁé i 11 be?ov&, ?s p'e(t:(;Msj (r!)\f .ré §gtr%s$81¢+ EV\;i’ﬂist cad of
or P PR R P g e B et hat

schematical |y itlhilfsgﬁiﬁt?’érﬁasdé&ﬁpﬁcﬁwgﬂinﬁﬁ?én E‘ﬁrrﬁtﬂ@@ aaefs bpemtibhaw cont r ol

- system sui tab?e for use in conhnection with an nmedical fluid infusion punp,

| SUCHD asgEhnkdtiBRBitH SaisntalPioulzatisien demrralipimacdordaiveukith keowndifusibood -t hat
a syringe punp does not "draw'froma reservoir. Rather, as shown in Fig.

1, the gysiager Infotresyoidsyiuid deliverytis coplollachie areepervisiop fashiootput 25 f1 ui d
to. the patient. For present purposes, such differences between a syringe
type poagsd and detiedksetipoiniwithanbagard tg actysblipumplesalé e b4 subst ant i al |
and aspects of the invention may be "e”P-,'-g.lgrﬂfe"éd%c;%%%{hf?émta“ﬁosﬁ-rét‘épes _Qf”

sensor 126 that is p’oéitiohéd for deteCtin'Qla flow rate in fube 122 atapoint .+

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

e information in aifeedback pathiis discussédiin greater detaitin 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 embodimentof 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 ére not substantial, and
aspects of the invention may bé employed with each of these types of ihfusion :

pumps.



WO 2004/ 000394 PCT/ US2003/ 017740 12 ~.‘-i n particular, Fig. 2 illustrates’
a fluid reservoir 202 connected to an adninistration tubsecddber ADodWs 206,

i ndi cat e wbabogoohleyi d flows in the adm nistration tube into the
patient. Administration tube 204 is apgratively connect gé%&z@a%mm usi on

punp system 208 that is positioned along the adm nistratiron tube 204. It 5

shoul d be understood that the position of the infusion punp system 208 and

the nat Ure dnaattigslarofice diliustiatema fisidweservair 262 conarated 2Danand

dm ni strat.i. b 204 wi l |l often ds d, at | t i t, th

ot oA atd S 5 oAt ot Fobe midimvalratin

i nf usi . 208 incl . I, | Lver hani 210. As will b

expl ai P4 204 S toe PaipHs A<BNSHRPD o 20T paryvey coongieettegn
hani : : d l e, th Ik ' 210

oy compynsia PufR G 6P nostio P aBGinns BnihgEeteh nbe 3 Age- t ype

pumpy g e el RRaR ARG of e Bl b Batbh PB0 Brit P usting

‘a, florpgture andttPpebf I:Bﬁnédtilili% %ﬂ:{a&% mfaﬁahgieﬁ% ?bg%gd.talélﬁ?in%i)éﬁéﬂitﬁﬁg orm

wth a desired flTow rate. ow rate i's locate I ne

‘Wi th ad2O4will ofteh depbhl cat2Odstan Bart! @ﬁ%yﬂﬁrﬂcwarftwéaﬂfnﬂjdée?bﬁ HW%‘%&por t

mechani sm 210. The flow. rate sensor preferably inc

' 214 andirethedlistested embaiifient] infusioh Puniw208 Ifclud&E8 puihd avivgyf | ui d at
the flow rate provided by punping nmechani sm 210 and provides ffowing fluid

at its wechanispozi0.286.will heaxplaimdd i mene detaiibalow] theté are 3WatieheoR04
conprises a plurality of 1V,tube pieces. A first piece of |V tube connect:;s}
puni®l ngPwERlENINeghanismsdhatipay bewmpipyad afor exempteydhepeowing |V tube -
connects lcl)ut.gut E@rt 216 to a delivery point; associated with a patient -
220. O'REFNPNISH 2 L2 paveprapiseR syinge deyer GrbdRg Biyringeplungenin e, 1 ow rat e
sensor . _ located entirely. within the IV tube. 25 It should be
under st '5'%%#53 © t?'i?fHSQ“tR}B‘?%F%Bﬁ?@ﬁﬁbBu@qswug.i'%wf&ﬂ%t, tornqtedhatilies from a

- TeSerVhimbRAoBRERSH SRE BB A AH B SR kb b X C Y

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 7
20 tube 204 comprises a plurality of {V tube pieces. A first piece of IV tube connects
. pumping mechanism 210 to input port 214 and a second piece of vV tube connects
output port 216 to a delivery point associated with a patient 220. Other flow -
sensing arrangements are possible. For example, flow rate senson21.2-could_ be
located ent,irély'_within the IVtube. . |
25 Ht shouid be understood-fhat, 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



may be neasured at any conveni ent point along the path because the flow
rate is the same-upstream or downstream of the punp. Foz1 psesies.20bde fl ow
rate in 21 Decenmber 2006 WD 2004/000394 PCT/ US2003/017740 -13
adni ni st W& 3084000384e 204 of Fig. 2 just below fluid resBFUVESHIZBY I equal
to the flow rate at input port 214,“@% wel | as at output port 216. Sone
I nfusi on punps (e.g., netering and discontinuous systens), however, fill a
def i nedayalineRaein fubel 2b4f 6107y .22 juse belfovefitid rasetvbin@0R4ds equaptortheffloat f 1 uid
out, overtine, according to the delivery 5 profile. Further, an anount of
‘conpl i arate atipubpiost 214, Bhiwelleaglaispupabpart 248niSuinss infission psieips (Bgrefore, in
many applications there will be value in locating the flow rate sensor
downst r gterrig ahe disoeptinums syisteres), howelver, filltd deitned volume dilbishifraea . fluid
reservoir 202, tube 204 and flow rate sensor 212 copprise part of a
di sposamsergifiandstherafien pyar thabliuidoutoenardims, @Cpﬁﬂdrs}ii Ehthsudglivemo syst em
208. It should be understoaqd. that .a disposahle set could include a variety
of  EonpBiRINe.sF HHEPG Ao 0f sRAIRYRRCS FeNsiwin a Gighosatls. ol osed

AR AU S HPIIroN TAR RN  5
| th-1 Joih ' | fl
D15 r ol bte ol donftiicar of e Bl B BRI TldsaPi thepalife | O rate sensor

adm ni st rati pohdRfeRnelt1GBGeSaNBRH AN tuix! SOMahd HBWSARS Séndok 215 2

posi tive di splacenment ow sensor for providing a flow rate signal 224

. T epr esepqinpiise (At G didpoddfVafidifisPatidn sétdhhl ie Whdlthted imMmIsbA pupdg on t ube
204. It is to be wunderstood that there are a variety of ways that flow
ratf seggstem?d@s.c hshdulrayintdergfbodthat 4 digposhblesel valildigdludeer varietypl e,

flow rate sensor 212 can be constructed such that a varying optical

cont r asbf compbrentsiicaldiag gioaexampls valasde. oynorheall ictosest valvés)i d. Exenpl ary
structures and nethods for providing such a flowrate signal are discussed
i n gr easpecidized pumpingwonmiemests, ana-tbﬁ@k@nﬁyﬂh%m? sef Al ingluslesansor 212

conpri ses a passive device, having.ng electrical  c ctions thereto. . .
Co rrp "-reservc?ir;fcr*th-e:-reservoir-cani-be:sse arate-and in eg‘raatedw?{ﬂptﬁeﬂse rt1hreug*--ia--- R
spike orotherconnection.. = - U T e LE T T
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



25 A reader 230, such as an optical or electrical signal detector, is./
preferably positioned adjacent flow rate sensor 212 suygbédeatbetr bogan
recei vel _ rate signal 224. In turn, the reader 230 comuni cates
the det eg{?géﬁ§4{%’§vﬁ¥}late signal 224 L tg a controller 23PCUU§203/017740
comuni cation path. In particular, reader 230 receives 21 Decenber 2006 WO
2004/ 000394 PCT/ US2003/ 017740 flow rate signal 224 fronrflow rate sensor
212 ant Ty ptesignal 224virarnfionolats sgnsdr 2and stpsicsenfiew!dottroPSignal t Shoul d
be understood that the flow control signal 234 preferably provi Hes
subst ant43l otherronirelier 237.otehiolishbasnderstdddbiiat dteefiow goatrol aghalarsa
i ndication_of the actual flowrate of fluid in tube 204. For exanple, in
one 5 emBBERARNProYiHes sHbsiapbaly thie sargeinforsatiaroapthiestow oae signaior e pul ses.
In such AN odi ment ontroller 232 is progranmed to interpret each ‘
pul se ad 'cogﬁbé%‘ﬁ%ttﬂrhﬁft% agtyql flow tae ohiluigrin fyhg 2044 Gar esampieyiybneensor

n determne the actual flow rate sensed

216. A | | | 232

int ecggﬁmgdn(:ﬂs %&ttpgﬁﬁ%(g@t%églg&laﬂ gﬁétCPB’fPf@PS-tql?g HheeE p'dﬁ‘:%u L"B%@Gf‘r élczei ved
f . . . Dl \

1 ow vortrambament, SHAHIRP 232 s ARRILNTIG I RiRPras BRhtuse agng an ™ -

i ndi cat cofre8hoh ith st ARHRAH I e i tern by, the .tinme period
of the pul seE. &]“ﬁggﬂg fgdr?%iodi‘ ne%tdcfﬂla @eﬂ%}gﬁﬂﬁﬁfagg -is%ﬁ'g‘ﬁgéﬁtsbéﬁﬁgwg'yf eader ..
230 andcontrollsr@3eear?ddtce@irg hetsctdali aﬁy&y ' l 236 In .
anot her 15 enbodi nent, the; comgﬁﬂl\gc{mg%t%g’t co@ﬁegégsrﬁ@%'gpégge(e.g;,
IR . RFasanftihotion ohthd nkreber clpalues esichit freMaBaGr 258, ks €1 ess

chanpnel , 238 maybe- advantageous, for instance, in systens in which flow -
rat¥ seRBhodimank e iodicationdtthexaimaktvé Gowtveturab delideredas grolinedb o
control ] er 232 and/or when physical connectivity is undesirable. One
exenpl alp Rimeeegkpulsasancan insicafinarofdhe insisntabe@iis fowaatad ™ wi r el ess

t echnol . BlugtogthTMis a wireless specification froma trade
- associ a‘?‘g%ﬁm'@fﬁé\’ glﬁ-‘r‘mgllfﬁnoﬁrﬂ.th@ﬁ’u@@ﬁer al, it is alow cost. and -l ow power
. specificatiop erating in the unlicensed 2.4 GHz spectrum and using
“iSpread s pecﬁ%ﬁ\g FP@&&&ﬂ%@’FﬁH&S‘?W@W nleioRfAll between.reader 230-and -, -

- controller 232 comprises a wired communication channel 236. . In another . ..

»..~16  embodiment, the communication path comprises a wireless (e.g.. IR, RF. andfor -
i the Iike)icommunicatiqn--chanméi.-2383.5r--;;Fheafwir:eLess;ch_annei-.2,,3.&..-may.,;beﬁ_.-;.@:;'-\;2-,.:_:
.;_.‘a_dvantageous, 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 -
. conn_ec'.ﬁvity is undesirable: . One exemplary wireless communication channel uses A
20 Bluetooth™ wireless technology. Bluetooth™ is a wireless. specification from a- |
- trade association, Biu:e__tooth- SIG, Inc. In general, itis 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 pumpi_ng_mech,anism7210; This-is lllustrated schematically as a pump control
signal 240 on line 242 between controlier 232 .and ';;;mp 21 0; It should be

. understood that a wide variety of devices may serve as controlier 232. IF'or

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



The controller 232 is operatively, connected for automatically controlling
25 punpi ng nmechani sm 210. This is illustrated schemati caklpecembe2gusm

control signal 240 on |line 242 between controller 232 np. 210. It
shoul d b¥&ZHM83Mst ood that a wide variety of devices Pﬁgsjsg@%éwé%

controller 232. For exanple, control rer 232 may be enbodi-ed by a processor
(e g., a mcroprocessor 21 Decenber 2006 WO 2004/000394 PCT/ US2003/017740

- 15- orofiinfdrosstitidiiety, @ s}:r‘?tﬂi!ééié%bﬁ]ﬁdmhf’s;%QFlﬂtmmtsfp;ecﬁi@rﬁiﬂcQw,on specific
0g

circuitry, progrannab[e ogi ¢ devices, ana circuitry, or conbinations

t her eof proguimhfibie BgidBédEedapRibginuitpwWrdontbinatitunsdheebfbfuatipnst i ng t he
motor rotation rate or a cycle time associated with the notor. If a

cer t ai nmbtrebared\itvie baslkithe vomtrolledbeadjlsirgithef motosxaiatipe rateomta ol may be
achi eved by adjusting the frequency of a piezo oscillation. The system can
al so becymbmfiirguasssciabeq mithithe naotet.alf ascartaimbipe efdiIEMcahased pudprsr ol | er 232
provides a status signal, such as an alarm signal 250, on a |ine 252

“(and oremplayed ¥ sxempacontmbmaydaashiaved byadiusipg Hie Heguercye82 | n one
.form 10 the status nonitoring device 254 conprises an.audi bl e .alarm system
for proRiegpm§cillaiomudi bl e alarmin the event of a mal function. Status

| 2, BTSSPl 1
Purzer s ARARESSR SO CCAS TR SELSRORRESGR 0 eBd sy
one. SPeeiriG SUABRS cHEARBI 844)96 AR AYIASTP Ao AADBUS I9BAL fidn, ' cause an

“~audi bl e*and/ or vi sual llarm't be_ activated if controller 23_2 | S unable to
confy ol thawtansRohforii)delee 254 eshiedet lapvaudiiie aldmt Systeroiodptavidingan occur

iI'f an occlusion or blockage in adm nistration tube 204 prevents an adequate
- f1 ow ofafi budible bRrpahiteaev@alof Boeifuaciidmcliages mopitoried deeice @hdl g
bl ockages, as well as 20 partial bl ockages affecting flowrate. Alarm
condi t i alss coamprize gthegaadinedsual, audio-visual, and vibrating devices such as, for
“or T axamplé,; CRT momtorspagershorns“buzzersspeakerscomputersportable
" telephones {(e.g, cellular telephohe’s);pers'csn'al-é'i‘gitarassistanfs (PDAs),’and the
I 4B like: By way of one specific example, controller 232 provides-an alarm signal to -
7 cause af audible and/orivistal Al to be activated if confroller 282 is iabléts ¢
* control pump 210 to achieve a desired flow rate. Such a condition ‘can‘oteur if an
‘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 biockagés“ affecting flow rate.. Alarm conditions can be programmed to' -
e ‘occur for a varietyfof' other reasons, such as when the fiuid supply in 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 statt.lsiﬁndicat'ions'
| other than failures or improper opefational 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



loccur for a variety of other reasons, such as when the fluid supply in
reservoir 202 becones depleted to a |evel at which punpi dtBeBsr sl onger

del i ver the desired delivery rate. It shoul d be appreci at ed,
however , Wlﬁzt{m}d Oq(t’“ﬁs indi cations othgg than failures &C?’W%‘g 740

operatlonal conditions may al so be provided. For 25 exanple, a status

signal could be used to provide an indication at a renote nonitoring

st at i on apticippte whendéne fluidrsupply wikbe depleted, sooh lieat 4 sultabdé irrficatiegasdi ng

the operation of the system Simlarly, sensed flowrate information can be

used t oPpavided bhadyarme0d supl eMeol/ 000394 PCT/ US2003/ 017740 -16 anti ci pate
be depleted, such that a suitable indication is

\gngi 523 }CInu' S @%ﬁa%@mm@@ﬁ he glasesrigon flawm spntigksystemer Fige? is

oper at 1 VEMpessifel: ctPRiehin pRFval| Ganeelsd tocapiyationdube ﬁog?éfﬂe heter
Reaes vol B S GBNEE, e Et o) ¥ HetirBd Wl i TR SR S RS anct 1 <
200, RESEoRONECh RSy AR t?ﬁ%@@i“ﬁ%e%ﬁt*? B3 g SR 6 nﬁ%sfgﬁ‘é]gtn ed i th
the pU”ﬁoﬁﬁ&ﬁed@eﬂdmuﬁbﬂahorﬂhbe‘ 04+ éﬂd gﬁr%n%ﬁ%g%ﬁl (2)’(1).(?) ef‘:‘%é’;es(?rte?epr ovi de a

understood that control panel 106-and

user i nielivierg eatieds eatdred o £ cenfréirpaig éQéodi’é’cbﬂtwﬂﬁ% P 100.
In the present enbodi nent, controlpl er 232 uses set- p0| nt (g%kt?% é)éf

r epr eseh). alini Fig. bf for keeaipis, g td bkl wreieystos ehatreohiaPpaRsI B Hhd Bispns, f | ow

control signal 234 for controlling the-system , . . As punp 21.0 ‘causes R

t hel O | ul @ ceoperagieta peviste aospaint c@l@damnmte enteriQyset-phintidataviomt e sensof

-+ 212 senses the flowrate of the fluid in tube 204 and periodically (or

“cont i nUGRPYPUBIR HPGt I theorresanieerabgdimentepntugiies R32sIseesei-poit dataect ed by
ow rate sensor. 212 i's constructed and

: d
| ;??aﬁgegp{%s%}tg{;\(edgfeélﬁ%rﬁgé:Iehg@@rfgﬁe Inprebinatian withithe flave eentrall ow rat e of

, fS: ;Ingl §,§%§f%g §§ﬂ§ 'Q§§§e§93tPFg\t,J (r:glt er:egd__er ’for det ect i ng the opt i calr._.;_“.‘_::«

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- keeeivedldetected by: reaqi'er-;:.-;'f:;‘f-"-‘ ;;. -
: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



- total

“punpi-ng Vigcd centrelpanahinRuthor-hy -eliminating flow rate-sensor:21

20 sensor 212. As a further exanpl e, in one enbodi nent reader 230

illTumnates flow rate sensor 212 with a light and examnpscdiger dogbt
reflected by the flow rate sensor to determne the flow rate signal 224.
Reader 29Ox1984/408%%er provi des flow control signal 234 PETESAPBIT# 232.
This flow control signal 234. is functional | y related to-the flow rate,
signal 224 and, 25 therefore, provides an indication of the actual flow
rate of gehiiddingthe |, Etitral 2ynaAD4046 Adjuee g Pimping2adidrsof popnoONi t or
t he actgal fIO\l?v ratptgﬁ"‘(i)qc qui?ibqtljn t ube 2014. Wtﬁu tphis infor?r?tnﬁz)n,

cont r ol kerthZB¥Reim:tadl flowcend) & measoiedigdidvwe agte senson? 1patbranciobelypunp 210.
In other words, controller 232 executes a control schenme for 21 Decenber
2006 \W\h&ttodd DROBSreRdoWBR60 3 $Hotifd De untigrdedsrdtreat ianvariciyg opomngraont r ol
signal 240 to adjust the punping action of punE. 210 so that the actual

f1 ow r asehemes meaysbe einplgyad, slepeadingdmengoaly.2 Forgxamplep dep9Mmengt ches t he

.desired flow rate. It shoul d be understood that a variety, of control

schéefres apglications fpmay & desiabiriionePnitab iheyBidme o paevide 2hjoh degieaghe 5

G6r co- apouzekin s of FSRRMR0s @A fobSf BRI Bs R i " O
| i catyl ' L . . | of th
Total “vileShabiatd el gl B dri ol Bubd e AU TR | 0°

desi r abl. L 7 =cont Fal 1.4 I afo: T SpepsR flow rate and
v'%ﬁuénr&p% té@rfs\?/atﬁﬁéﬁ% P%r?g SQ?E%S@E?E]‘%&%@@@yee 015 accuracy with
respect ji{gaGanRbo@ bR Fatd & fathlevdidhe D ©HEF vaThtiond e pdsabiéipon usage For

“exanple, if gross accuracy (e.g., +/-'15% is acceptable, the closed-loop
- feefipack - contTheldegpet @f Becuthepblittidrebpeci ¢b conatrellitg flgw, rate can ecanicdpl

panel -input) or by elimnating flow rate sensor, 212=fromtheF.

admi ni stiependingspion Bages Fat example, fagrosd accivacy(thgevédiB%) idj ust i ng.
control 15 paraneters, such as sanple rates and-so on. On the other hand,
i f a rebatéptable, the glnsdé@mfwﬂ-bagggﬁ@w;cquw be gisabled gepftware ey the

controller is preferabl rogramred/ configured to tightly control the .
I bl y . prog i qu 529fﬁom>—;'the-9:f trop.tne .. .
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 2101t "+

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

L) aspecfs of the invention can be reconfigured fo 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,



shoul d be appreciated, therefore, that an infusion punp system enbodying
aspects of the invention can be reconfigured to. accommdaé®npenbdgs vari ety

of 20 nee h )y inproving the useful ness of such a system As
expl ai ned%%@é@@%h a closed-loop flqw control system A USR9831017740

heret of ore, unknown in the art. Anong the advantages of such a systemis

the ability to nore closely control the flow of fluid to patient 220. In

sone si t apivadige of aguatfeutate helpsiosensuretightsticontrsl ¥RtheaRtbAe Fyt her

flowrate sensor 212 is conpatible 25 with a wide variety of FI uid delivery

pr of i | es SXARPI AIoRFengdasanmmartiidrdise apiulabfowirate ipriabé |20, (a8 ARl bE"

ti me-varyi and non-unj f orm del i ver% profiles. Wth such profiles,

i ncl udi n-éVB%%r ? BENPPIAI Proyar ligre amth eopuohthenpyinmeing attion @fpukip 20T

down from,j upping rate faster than with other delivery profiles. Thus,

21 Decen‘%]é%;a'%éégpﬂ\ﬁt&gﬂétl b 26 £opéarmsdedhe slesired Tiplivery-dftilen dibredyer, of

actu f ensure tighter control of the profile. For

exarrg? e, b@?ﬁ?%ﬁ g&%@zé;@)é{‘f? | 'Q%Pg‘["ﬁ% f%@?daﬁmﬁﬂagwre@w@& agragber 204 (as

det ect edq fd LS r.ti and control the punping action

of punp 210 10 Mgr)gﬁtg "?ﬁai t'%@éé&'@éﬁ"@p&aﬁ* ahces .t helike. dniseelesi r ed

del i ver ypriorodrt bpsteMy, eRHES N Mafalal ? al | ows .. nf.usi on punps to
kst Y RS S BY T oMb i

‘be nmanufactured with a greater- of.

manuf act ioléragceobetrenseshanidat R a8 b QA L 8 VSt 2 delivery
accuracy is attenpted by tight%nglggspgfﬁsbi ng tﬁg&n{g% h@?{é g’s"‘s’@f’ﬁrt%ﬁﬂ

nmechani cg expensive. Withptioe nate feedbamc&ﬂﬁf@@&comMg%t{b ﬁgﬁbc berfgoensive. Wth
flow rate feedback control according to aspects of the 15 iI'nvention, on the
ot hd® hdRventias, gsi e gihensandinfusionuienps tan besaags Afingesé pRSkisd {y?ﬁEf ore./
| ess exqgnsi ve) conponents and nechani sns, yet still achieve a hig degree
of accurlglefore legs sxpgnsivel cempenents eydrraeeharismspyet dtill sdhiauets RRyKf ur t her
appr eci egﬁe%]%?t t he tubing would not need to be as precise andthe

“integrat PREVISGR ITthupished delivery satsammatiod- woul d be | ess - 15
- depenient. UPIRABRAHY ik 3peEbebd il Tne kRS Woulu ot b boab.
.. 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



PVC t ubi ng- provi des certain advantages in prior art-systens; OcLthe design
of - the-infusion punp may need to be tailored to be conpabédin®erbbdic such
tubing. This type of engineering expense may be elimnated if PVC tubing
i S-no | oWgEI4/#BEMssary. 20 Further, knowi ng the act uaIPCrTéHSé"O‘Bf‘”WI"?)W nt ube
204 with a relatively high' degree off "precision also all.ows the systemto
provide a highly accurate and fast occlusion detection capability. It

shoul d ggt'@ﬁé%} sbate lﬁghgpﬁﬁﬂéggﬁn@remleeastetetméw%@l.aﬁﬁhé% a

parti al age ween. t reservoir and. the i very, point
can reswsbeénau@ﬂuewaém}yrm iR At Lrathtifdipibw Seferp ek Furexanpl@S
sonetines referred to herein as occl usions but nmay be caused by a variety
of congitlbelesye (01§, adionplatekanior partiabislo2Rdge )Regsotiated with taedipirsl/iaurdet ect
occlusions rely on pressure sensing, which requires a relatively | arge
change idelivéry rateessuid dakertwe heursuiyenonedotes deteetadedith A tyipicadwinttaabe of
pressure sensing is that it may take a 21 Decenber 2006 WO 2004/000394
PCT/ ©S2puo®. Offurthaw ifdhe seasitivityyot 2 pressore sersipg systeneis inclereed i ng to
increase to a detectable level. This is especially true when delivering
f1ui ds &eduper spense tinessnarelfaise ajarmstare liksly tobaBrRenengeg| ockage (e.g., a

T ekt S LS RS B e Bl
- § d
P, B e A Pl TR AR AR 1 125

Combf&?(tage% é&é}?&ﬁv%rg &%@eg%érng%gbb@éuéegﬁ&»%@sérgoaéwz%wé t he

pr esent I nv on1s a et ect ock ages COI’Tp ete and/ or

" 'nonwomheé&ualmog%%e% cﬁy@hcﬁtreq@re/aﬁr@yélﬁlélwuwsrwp .Oh@eftodhneause flow
rate sensor 212 detects 10 an actual flow rate and does not require a

pr essur goltiztél seiRsor@NE2 rramp@bieot protiding dcouratet measmenicti (6.9., baftebl e of
provi di ng accurate neasurenents (e.g., better than +/-5% over four |ogs
of r ange¢harFe/-5exavelr fourdogs oprangen ¢ examplé, apumpansiog sscppliiogs 1 uid from
about -0.1" m/hr up to about 2000 nt/h Thus flow rate

i gensor supplies fluid fromeabout 0.7 mi/hr up to about2000° mf/h‘r “Fhts, flow-rate -

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

<Eor Gorvanience; the forégoiny descriptions of Figs > 'and Zhavebeen =~ =~ =~
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



sensi ng and occl usion detection is possible at low flow rates, as well . as
at higher 15 ..:flow rates: For corrveni enee; the foregppReedBSCIdoBt | ONS
of Figs: woado ve been generally provided in terns of enbodi nments
conpri si ng syr?ﬁﬁ@type i nfusion punpg, and anbul at ory &Ad'UBIGMTHAC
punps. One type of prior art syringe punp is nore fully-described in
comonly assigned U S. Patent No. 5,533;981. It should 20 be understood
that, wi¢PPRI@isENEpart eflinerewpre seationdirs tHeopreseurechimies 1o app) _cfgnggr@
systerrsotgnd]yre hodél_my be adapted for use with other types oty medi cal
fluid £ eﬁ“iPesy i frce dmearts yatiomstoi the fluitkin theVeubeytherebygsrapyllingd

| i near ristal ti.c- e punp. systens, valve-type punp systens,

pi ezoel gtg‘farfﬁ‘ﬂgp%e'é%ﬁ'@r@ ,per'ﬁéﬁ&wp@-%%u%ﬁﬁ%?&tm’ﬂswranﬂeam Bodls not or

and/ or v, | ms. 25 A peristaltic-type punp manipulates the IV
adm ni st%&iﬁ%g&%%ge&%ﬁé{ghi eve a desired flowrate. I'n one enbodinent, a

i staltic-t foL inmilar devices that
Bre Shqul ar 1 ySBmenyie-S BMRo8 o by ipin,iAtbe Gardipsiiparadie ¢ hat  ar e
| t &b rhger, enber 2006, WO
5004 000 AR g (S e DRy BORIBILG vt b BB er Rt @ o i on
on the mrepalsion foragtd the RuiaRphy dehidilt® thé Patibt Lk RearsJ BbSahRr eq,dpart s

nmotion to the fluid in the IV tube, thereby propelling™ U4 her
~-forns ofa yalvedn abnneeﬁqrmitiplarg:avitgﬁ%dthlélfvéh?é‘&st@ﬁﬁﬁ%i@hg’?ﬁﬁ% H\Cliﬂegaz , for.
charr n

exanple, rollers. 5 Sone val ve-type punps enpl oy punpin ers

‘upst r eafh@mptivedingdoraeaand ahe bnmofe voiveselre tiseanb Gahtrg FRTHPldigd val ves)
to ? qu%nt ially inpart a propulsion force to the fluid to be ée'l ivered t.o.
t he '@atié‘?@e@@tﬂpﬁ%ﬁ%%@tﬁ@iilbllmpln@bywryiag{\ilaﬁ-mgnuudgrmﬁgﬁtdpyuem_t ha. )
gravity-fed delive systemin which gravity provides the notivating force
and one VB1'29% SR, f" 6’<§§ 5 aﬁ%a\umsasgmsﬂcﬂow rate byawniratliag the préeagel ectric

punps CQBHE@&&%%E{E‘ fod? rvc\nli?@f)'rrrl]&metzshgalrgdg 'pt:atgysdqeue(gzeg'nsyas%)rLISf_d _
s e - oFURDET, -t.h.ef-9!@§e_d,-vl.9,qpsc_qqtr§i systems and metheds described-herein: MY, s o
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 phyéic_aliy 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 tothe
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 (blo‘ék 308). Periodically



vol tage step. Pressure-based punps adjust flow rate by controlling the
pressure applied to a fluid reservoir (sonetinmes call eth phbaGnbFueeZEr "
systens). Further, the. closed-Ioop-control systens and net hods descri bed:
herei n s 20000089¢d i n armbul atory infusion, punp syst eRETARPWNBI0Het ri c
I nfusi on punp 15 systens.- |t shoul d%41 so be understood that the conponent s
Illustrated.in Fig. 2 are grouped for conveni ence. For-exanple, the

stat us-gp Ebhﬁn’iu&f‘éfyie)ocﬁe Zetiral ROW!rEh6F AU Es al duliearyaloint ddsdchited edth the t he
i nfusi on punp syst€m 208. Li kew se, reservoir 02 could be integral with

the purgatiditiid s@isctPPRscRIZ0)FFor examples and as axpigined gboveuapositive barrel of |
the syringe acts as a reservoir, but is physically nounted to, the 20

i nf usi adisplaaprrient $bwgatd seraohircatet tslinenbetwesyy thagatipohped dvalpump
pressure-based punps, the reservoir is typically contained within the punp
boundaréasbe Wiset ta senst aoivat fiwd dlowsand eI adlenbrate isicaliontos r i s
generally nore external to the puynp boundaries. Fig. 3Ais a flow chart
thab i |¢md§fcrl abweﬁnT w?%aig‘k?v fate ]tlfloaowpaaetéf {C}/@ﬁ de5irdd ‘%&‘VPW&E'FG e a pati ent
in accordance w a ed- 1 0o ow £ ro r.RCESS..: : ate

t her ei oGk (13 i thecsitualTiow gt s anpreriaPly g Baa BRIl btk 8412 o i on
punp kch, .in turn, .i 20 1 O: t) %gkg] 14a304) . After a
desi r'\QAS*'hedBTL\S\‘FH} QUWBt'%%P@%geefée;%ct%gtggFg% @@E’q@%@&{ (%&l}ll “de Il?ot%g%"lyegbegi ns

(bl ock i odj gal 8%¥sired 1l

ber/ UsZbiba i Y B et SR e o e s P 1 i to &

del | ver . @oinhoRBTAL AL Sehus Adwv FAt is BRbIEMDIY fossahanthd besinkd &4(6) . For

~exanpl e, and’ as expl ai ned above, a positive displacenent flow rate sensor
- Tocgyt ed(HidicH 31%), Bes iRedlon pempds aeiistedhsutththat itsputmanatesisiseeated sense

actual Tluid fl'ow and provide ‘a flowrate indication to a 5 control device.
The act ghidcK 520V, tisdreby incvemgiiey #b actushdelivesy rade. del i very rate at bl ock
312. If the actual flowrate is appreciably greater than desired (bl ock
' 314), the i hfosé embodiments thednethasbalsodncludes using aglispasaliat e i s reduced
(bl.ock 316), thereby reducing the actual deli _\_/erly rate to Hor e closely. ...
et ch - thdmiisiratien - setdhat includes; for-example;-an-administration tube-and-an-in=ting ===+
| flow rate sensor (e.g., ube 204 -and flow rate sensor212 of Fig. 2) such that, upon -
15 . completing the fluid delivery. process, the administration 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 rate is compared-to an occlusion/blockage 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 determined value {e.g., a
time vérying_threshold). in the illustrated:embodiment, if the sensed actual flow:
. rate is less than 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-



rate. If, however, the actual flowrate is appreciably |less than the '

desired rate 10 (bl ock 318), the infusion punp is adj ustepesdsstheriched 1t s

out put rag ebmsseased (bl ock 320), thereby increasing the actual

delivery rate. In one enbodi nent, the nethod al so i ncl udeST/USI0030H740

di sposable adm nistration set that i n'&lz‘udes, for exanple;an adm nistration

tube and an j@;\-l ine flowate sensor (e.g., tube ,204and flow rate sensor

212 of FRYceeds switpe taeshaksom blobkage PHESERM. t Bgfidrui LYEL YeRLC eSS,

the admipistration set is discar dedgf ig 3Bis a Ilf)w’ crﬁ’é‘g?'l’%yg%ﬁeﬁ?ﬁ%trat es

an_exenplE¥gioRBraiggols ingvhick veryfiands exppctetifdgedchas baEs4SsEMS! Ciﬁ In an

i nfusion_system in accordance with aspects of the invention. In the

i 11 ustraf¥ é‘i%ﬁ%r@; theneonfroftes psefiesalyy mictemntsfosibissiaat.  aspects to the

met hod iIIust@a edHeﬁ Fi 8 3A. At bl ock 330, however, the sensed 20 act ual

flowrate is éﬁ?&éﬂ © @pPLariaied ithat inw rtecangearisone {b.g). tbloek 81 2re Slodhi S

t hr eshol redet ermi ned_value (e.g.,a fixed nunber or a fixed

per cent ag%o)g'?é%cﬁﬁ°§%§f‘?ef‘§$%§ﬂit9@rﬁx yalye. ﬁatheupﬂmfbw tate detrqrarisbag val ue’

(e. 0., agrdps®ipar eshold).. In the il|ustrated enbodinment, if the

~ sensed. act%al @?b%d&a‘%{gﬁﬁ% O@?é“?'”ﬁﬁCPH@%E’@I"E@iﬂ@W-Wé%HDI'd, a bl ockage
i s decl aic@paaBliitgtangs 3hdrs § Ib4i00 L ggered (blocks 332, 334). It

~ shoul d: 'be 'undertgt oog‘% Hom%\?defrhﬂgt k??'ﬂaﬁ%feééé%%pﬁ@%@r& edgfasanse shwhisdn al so
be perf dhewdttudidloverasid Sompatdi | nsed flowrate

i nformation agai nst a thresEoI d flagﬁgﬁogp%%éﬁaﬁ]%cmﬁ AR 9¥Rtingensed

fl ow r atand esey in corslention vﬁﬁﬂarb@igmitfﬁhrﬂ'zrgﬁ%tmleht bidtocjope 21 Decenber 2006

- WD 2004/ 000394 PCT/US20 03/0 1 77740 exceeds a slope threshold, a

bl oéRage i s ddgs.atAhand@B ateschemaiicraprysditaicnd 6 ' ' I's in)
which zero flow is expected for exter?c?gg peri ods o?h%?ﬁ{eﬂéafrﬂgnﬁéﬁﬁ&ﬁ '

si tuat i 6AE SanFer ddkr siabler fopusedn abhyeatiorowith 3 deded-liop TRAE & nﬂr@ shoul d be
appreciated that flow rate conparisons (e.g., block 314 or b?oc 5 330)
need notYBEMUTARR KW RUNA sysiesy 208 lillustrated eFig. B hElow FawisBALE: 402

conpari re possi bl e.,Such conparisons i nclude conmparing the flow rate

+ - device (e.g:, an assembly of micro-moided components). Exemplary fabrication .
15 technigues far;man.ufacturing such a flow sensor are discussed:below.- Flow rate. -
et SENSOr402-has.an-inlet port-;;404*--'and‘-an-zﬂutletﬁport;-zte6’-=-and-=1's:‘>13réfé’?aﬁlyfa— R e
- - constructed and arranged tofit in-line with an administration tube (e;g::,-_tubei'2-04 of
Fig. 2) such that the fluid flowing in the tube to the patient also flows through
sensor402, . .. . . . . . e
20 ... Inthe illustrated embodiment, fiow rate sensor 402 comprises a posiive:
 displacement flow sehsor.. :!nigenéral;: such sensors operate by allowing known
. volumes: of fluid 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). n 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



i accépt ability range and/or a tine varying reference.. Further the reference
to which the actual flowrate is conpared may be progreymee.Rieidt@guser or

pre-existin

g

and. used in connection with an algorithmor treatnent

pr ot ocol WOLBMPYE AA and 4B are schenmtic represent at PFERUSZP03YHE0
enbodi nent of aflow rate sensor 402 &litable for use in-connection with a
cl osed-loop flow control system such as the punp system 208 illustrated

i-n Fi g. idipelitoNng;ahé seesriPimpéliér 4F0,en‘h@r'r&ms%g:@rﬁmundﬁﬁgsh@ piisCePwhidi iheat ed

MEMS device or a simlar mcro-nolded device (e.g., an assenbly

of . m cr dmpeligetreonpaited bayl.rofate)rphdraycdveb dil6atizaahand Shapddfitsieglieg f or
manuf acturing such. a flow sensor are di scussed. below.. Flowxate sensor
402 has thamnitrsueh thhatrantgCanchexit ausboe hatl vimindet498 andioiletptOs, er abl vy
,constructed and arranged to:fit in-line with an adm nistration tube (e.g.,
t ube 204espectively. The eona. houging and impedersoaierajse prefaeably s&ed @dhe pati ent

al so flows throu

20.In.the i]lustrated enbodi nent; flow

h . =
rar ﬁﬁser%@ped@ycﬁslaﬁff@)%%:r%igﬁ@lﬁE@dﬁaﬁsm il e SROL BRSO genr a
S ranst i g tscen ool ool A1PE ahos s e Lst  at e

conpris
‘to here?ﬁ
25 impel |l er

“housi ng rhéni

~m=rrrtechnigiies  or ultrasonic welding ‘may be used to sealthe cap ot

3 wo inter-nmeshed gears/inpellers 408, 410 (sonetimes. referred
slﬁg}m

rotors or rotating nmenbers). In the illustrated exanple, each

*ﬂ% Svér '4%%% Békléﬁggﬁghgfﬁﬁgfoﬁ?%ictﬁﬂéﬂﬁé SR oPRAyIRY. As

illustrated, t

e 1npellers are In a housing'412. The

~housi RIred &3l dptidat RshderN i thE ABGdridor BOR M coisstAidied biiffaril it an
~admnistration tube (e.g., tube 204 of Fig. 2). In one enbodiment, the
1 owps enser siksumpsi siksori-bagedcmapatat dover 416 préferdbly tofpeisebarfla? 0fléar, WO
2004/ 000394 PCT/ US2003/017740 _23_ inpeller 408, the second inpeller 410;
t he housimighdatmesiatiinhgdtdmal psuch as) fahéxdampledPyrexPellf fiow sansomdfithised and
rotate); and a cover 416 sized and shaped for sealing the unit such that
“entry armdnekictethprimady batiolplastia laciat plastierrpvenmaytberpsed. Laserwelding

~eb*a‘s-é'“:."‘:::',:-- T

Preferably, in ultrasonic welding applications, energy directors'are also used:*

15 .« . Bywayof fuither example, the alignment pins-that hold the impellersiin: =™

e S plEEE Gould be part of-the cap and/or the' baseFurther the base andior capcoatd ™~

"~ include recessed holes to accept pins that aré part of the impeflers (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 & 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 toa 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;

25

One method of providing an optical indication is to mark one or more of the

e

lobes of one or both"-impellers 408, 410 such thatan 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



respectively. The cover, housing, and inpellers are also preferably siZzed
and 5 shaped such that substantially all fluid passing{theuar bbgs sensor
passes b n of first and second inpellers 408 and 410 in a
p03|t|vexg|9&ﬁﬂggﬁgnt fashion. The coyer 416 may be cl &1/ EBVEBHAT740 he
operation of the sensor may be nonitored by an optical reader. If the flow
sensor 402 is constructed primarily out 10 of a silicon or silicon-based
mat er i alillurgigate ﬂqwca’@rwnaoaléﬂﬁ (emnpusingand EDpsnd o tereatachgainertasi st ant
material, such as, for exanple Pyrex. If flow sensor 402 is constructed
pri mar i Nighbtailestedsodateet the qutpit signalt(eq. e rateesigra friome dowlraser wel di ng

t echni ques ul

di maybe used to seaFthe cap to the base.
Pr eferaﬁf’?sorél{gﬂ 'QSB}QEL“ 9@?%' Hgt e&@ﬁﬂl%@@ﬂ”@s dgssriggd diareiot tresflawe al so
el | oPENeEY 134 s Brelotithy Bos SR Porrepter sippihdne iobhana seecsmarther , t he
of tho e ERg Y boviuss e G S RhuORme ARSI p checanieer R32) Lop
or bot t ah uskthRARonABN 16 LBrRind bHIdkGA RGP ngpﬁghgﬁg@gbo%ﬁoﬂ%gf rotate

and to transfer. 20 a known vol une o

the out hop. Mg is'GifbedARe edapt #o%‘é’cforpéf tﬂbhﬁ{peﬁ@r‘é%bﬂfﬂ?ﬁl gﬁﬁ?@gs}%@%count

rotations (or partial rotations). ormation 1s I f fl
rate beofilisid ;memgtbtmlgmnhenﬁip@u@& tit'-Jiga?kWﬁi&ﬂ is H@cﬁ%e@in é}éé\‘té’r %&{éﬁr efore,
flow rate sensor 402 effectively provides a flow rate

i ndi cat beleviofllustrates orme embibdimént dfis cbtétlmultrhéménfeh?téﬂ‘iﬂr&ﬁfe theR i

~method of providing an optical indication is to mark one or nore o the
| ok opaiulasly ssiied forwss whes the fowarbte sensortusels. atrangparent pleltcapt is -/
created. An tical reader then optically detects when the nmarked | obe has
moved, t her eS§§F MBtheds @if igtegiinorietation are pefssible.oFat exampl, minl isvdaller t he

- reader %gf&i”f’pfonfla%ﬂ ed to 21 Decerrber 2006 WD 2004/ 000394
PCT/ US2 7% MaRNSc|compenest hai\gangrales @deieaable magnetmfermgtmm LED)

-..and to bl palld trhe%l%@llgle ro&e?tees, {e.g--an-electrical. variation.caused by the rotation--- - -

- of the impeller). Such a,chan_gmg/;_ma_gne_tlc-_fleid would provide a flow rate signal
- 15 that could be-giete_cted__-by,_ for example, aHall sensor. or.similar device. S
o As anet-her--a_l-tereetiue,..-the readermayhemade integral-with-the flow rate-- .~
‘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 :
electromcaliy by the semiconductor device and the output signal.is provided -
20  directly to. the controller, without the use of a reader that is separate from the flow
rate sensor. =
_In.one embodiment, flow rate sensor 402 is constructed using re!atively flow-
cos.t,.-. precision MEMS and/or micro-molding techniques so that theise.n'sor canbe
used _in_connegtion with a co.st~effeeti_ve, disposable ad’rﬁihistration set suitable for
25  use in delivering a medical fluid. Thus, the components--that do not'come directly.
~ into contact with.the fluid and/or patient (e.g., the: pump, controller, and so. on) are
reusable while the parts that come into contact with the ﬂuld and/or patient are

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



Iig'ht reflected to detect the output signal (e.g., flowrate signal from
flowrate sensor 212 in Fig. 2). In optical detection appieasbas>ddgscri bed
herein, the flow sensor itself is preferably passive;_the reader supplies

h
the |i ghWORA/YPYlesses the 5 returneg Iight to provi dEEUEGHE o the
controller. A controller (e.g., controller 232) can use-this information

to determne an actual flow rate through flow rate sensor. 402. This is so
becausebetittiedigid icobe dispbbablenpe].) disposeekaftaredch uselndwo sxdrptery of 1 uid
passing through the inpellers. Fig. 7, which is discussed in greater detail
bel ow, irdrugactaties temheiques e tistussed in grertaer deiail beloas Ut ehewid alsxhei que
that is 10 particularly suited for use when the flow rate sensor uses a

t r ans patsdersiaskthiat othes types ofdiave semsara ang ctherqasiiive; digplpsemenbn are

possi bl e. For exanple, an inpeller can inclu a magnetic nponent t hat
gener at 85aR00WERIS HBY berispieand thatdhg |{q§glatecg§@ﬁ§%@ Sﬁ‘SPﬁégggel ler rotates.

Gt oADARLTES FuE AL 8, S e LORer S Bl RS | o)
| d be. _ : : ) LM ice. As
coul o S B 1B Ber SR g B PR R A
SensOr bt LS imBerfXPIBh g Gz ENE SRS OiiNsSoffindfeathpdIgs. . . 2

detected el pRis! ORHeRS lIishitel the é)@éﬁx%l@ﬂﬂu%@ﬂﬂfds@%@@fﬁ&@rihb% fiowt put .

signal. is provided 20 directly to the controller, wthout the use of a

- reader gbasor sugeaafisvaaly sendond 0l suitablefor 1serin connéctionwite alspdetismft , 1 ow
rate sensor 402 is constructed using relatively |low cost, precision MEMS

andf®r thepesont idvegtidre ckore paticsitariyh ig. Shlustateothecgartibent stepsiof n
connection with a cost-effective, disposable adm nistration set suitable
for 25 osnufactdadng aeosilyealisptacgroant lowsensoriusdg ahighcaspeatiéatia t hat do not
conme directly into contact with the fluid and/or patient qi@e} ... Lhe punp,
cont r ol liGographic Bwcess Wieh iscxpsaphiraes fgferrad ie Berpin g Wik ﬂgGiph@bV cont act

oo G S TSP e B ST 0™

e PCT/ USZ%%%%&? ring a positive displacement flow-sensor using a deep’ rea‘ctivefich;‘?

= . 15 etching sequence (deép=-RlE)-.= e et e T P R e
s v UV LIGA typieallyiresults-intplastic patts.“Deep RIE-tises silicon or silicon =~ 7%
- 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



-25- both designed to be disposable (e.g., disposed after each use). Two
exenplary manufacturing techni ques are di scussed i n greahesensitlabbe bel ow.
It shoul %6'25@09&94 under stood that other types of flow sensors and other
‘posi tive displacenent arrangenents may be used, and t hBETIREBMU& rat ed
flowrate sensor 402 is 5 provided for exenplary purposes. For exanple,

ot her configurations of positive displacenent flow sensors may use a

di f f er eri®hoigimrgeable mettedalasurtoas anEpokgbasedotegative phopsrekist Byef 5181 yi ng
sizes and sh Bes-_i ncl udi ng asynmetrical inpellers. Figs. 5 and 6 illustrate
two exe %rg et if dddl edromipmatsstbgimiaS 12 (e.gwdepesised frosualbolite &dw r at e
sensor 402n su'td blrrﬁ for ug in connection with aspects of 10 the present
i nvent i o™ fB7 Sa P RSt i@CW’@.”SGS?IWQS@'WW@E‘B@MW%I& st-eps of

" hoor atlisauuBARebsik el RErEBENIS Pleer Tauses hofs biads ?mf??aﬁ’lﬁftvi et
i 45 A . DUV LILGA) . -Fjg: 6-i
the Ber taksl Bl o teEPot b b thire) el Nopd drlen 514 fiews mavalecens or

usi Nng a HEsPid ' ' D of Steh (e A.5) . ANV LT GA
typically res ulﬁfgﬁ:Vﬁﬂ/pﬁl'g}gﬁyg8&5{%&5%%&%@%&@:@5&&8i PE&@OF&%"‘WCB'P\

car bi de.tanfbhus to bbeasBh&idhebpniager, f '@é’l@h r%?ﬂ% idf 0k er, both
- processes may be used to mnufnac_?ure%pért t e W??Q& %%E@o%@#%ﬁomver,
may be rEiF80GAaT theesnesl iyer Beitiont d00I500DA. SAUSAENAINTrARkSN rrggéﬁnff?g{ on
masters 20 that are used as nolds or nold inserts. Referring rs o fig.
5, __gené'ﬁlalﬂl‘ycaasanasdbetfbanwtbh@p@teaﬁmf@la@N—Ia&ﬂf@mdl&@ﬁhﬂidr@ﬁthogim 502, 504,
506, and 508. Step 502 involves preparation and exposure. t ep 504
i nvip vedigepeadiining. asi blicoabrioationy ¥eluete? tMicpimachigingSirep 508 i nvol ves - 3
renovin _aé% remai ni ng photoresist. 25 At step 502, a mask 510 (e.g., a
quart z 31"8 abrcakion;" 1y aiablerorp SR1Er Rreps 1997 p| Eheephatboasistdayerispi ece to be

exposed._ Th rkpiece . tqQ be exposed conprises a substrate |ayer 512
(e.g., gelﬁcﬁ}’%ﬁgﬁ"%?%‘%qgﬁf?ﬁ’ US/ qus'%tﬂﬁb@[ﬁ@h thespatterniafyeasled ;i s -at t ached
~to the sub Stf&%%p%&iWe%xggggébhc‘a%?eé)léﬁgggrs‘.i‘léo\isdeveloped Thew ssmrir s iinn

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 . . .. . .-

T e T process-removes:ihe portiens-of photoresist-layer:516-that were exposed fo the-UVe = ...

- radiation, leaving structures 530-and 532. At step 506, the remaining structure is-
“electroplated (up from seed layer 514), filling 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



21 Decenmber 2006 WD 2004/ 000394 PCT/ US2003/ 017740 -26 phot oi mageabl e
material, such as an epoxy-based negative photoresist |ayeechiber 20069 ,

SU-8) is added on top of substrate 512 (e.g., deposit , tle and
spi n codY@aY0+/04443t sk 510 conpri ses 2@ t wo- di mensi onaﬁp%alé{&g‘}}ﬁ"%aét i s
subsequently transferred down to the"SU-8 | ayer. The seed |l ayer 514 is
typically 5 nickel, gold, copper, or nickel-ferrite (N Fe). Bel ow seed _
| ayer Fd4afbar sorey halising Heiry 4 Infsttporband en yutlbt port ayretr hasfingpinsf r act or y
metal such as chromum titanium or tantalumto act as an adhesion |ayer.
Typi calfbiyacddptingl fashandyecoridinpe!letse lorahererobodif®rson sleanpldstio goveied | ayer
i's about 400-5000A. Additional information yegtardi ng this process may be
f ound ds$ bohded éo tEe top afithe haasinbotierelty ansring thebsigiagtally @il fiuid omachi ni ng,
and M crofabrication, Volune 2 Mcr o_n%ghi ni n% a}l’]ld M cr.of abri.cation,"

avai | atflowiing bt & Romrsanson Suguahviie IpIRPoFets he spason Broughitie: i vei v
exposed to deep WV radiation through the pattern of mask 510. At step
5049, t i%'t'éef(BBEted phot oresi st | ayer-516-is devel oped. The - :- , devel oping:

eed and wndf A pq, RO PRPREFR! et AP0 arsbly BEREIES 0L OoTnd 1
devel ORENL ool AR BB BSnhRUcbR BB 8B, byRloro. 16 that

were e \"/=" radiration, l'eaving structures and 532, At

Step SG8pritdion HEEBEGo bR EInichn 1 @S BP cRiRMg(HBIdG opmaged | ayer
514), frTling the exposed portions 536 renoved during the devel opnent

Pr ocessnsdits .§J?ne§9ﬁve¥.__ SLOBhB deBird@strianfes)l Oieadamhes of ssitsa (e. 9.,
structures 5307 532) are devel oped/etched away, |eaving the electroplated
- st rgct UhRo-pldingtapproacty isthat & {drgd nofribenof tinddswahr besnade aadrce, It shoul d
be appreciated that ;a nunber of such el ectroplated structures 540, of

di f f er eherediyziowing farHamesscate ptatiustios ofifiow seasastgmponents. withputdranpl e,
one structure could correspond to an inpeller &e%.l i npel | er 408 of Fig.
4p), ameegboansingdheddy 4G Hmsoeess ethevthaadporgating hepd-n ene g. . housi ng
412 of Fi 4A and 4B). These structures coul d thereafter be assenbled.to...

" CHorma qmgamg@:qg i Feorgpoaghts may-bemade of-a plastic orsirilar m Forial thatis™>

suitable for use in a-medical environment {e.g., disposable). For example, - =" = =
15 ;--nu-merOUS-:the-nﬂeplaétic matefisls could-be used (e.g., polycarbonate or liquid- - - -
= grystat polymery T mold flow sensers fromtheimaster. s i Sl s s py =i
.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



appropriate size and shape for use in connection with, for exanple, the
various nethods and systens descri bed herein. |In otherynoessabeyt2ongt ur es
can be fqygBghidedegcenber 2006 WO 2004/ 000394 PCT/US20 Q 3/0 1 7 74 0 -27-
for a flow sensor housing having an igjet port-and an ofitFAS28&PI77tnd
having pins for accepting first and second inpellers. In one enbodi nent, a
clear plastic cover is bonded to the top of the housing, thereby ensuring
that sul9§HERG QY ILYGA s thaithe SY-Bonategial and nidsk dledveliesad ds behegtigh t he

inlet port exits the sensor through the 5 outlet port. It should al so be

appr eci &¥eangiMathan spmparabla maierials tsed ds cagventionak byachrooml68ASt r uct ur es
the mcro- fabrication

o ocosses o P K E Ric B el R hprn 630, A engIO0fl d i nser (s
10 br BBy, RIS RRr! S8pR AR et ARG paooGle be mmde ot
ComanettBacandln B RenedlushB 80e86 RIE Mo 1P Pl e, tiorehan for
or e g FETS R, B FORR TP hionSRESRl e R RNEB I BBt

~(e.g., dicsgmisaiilety et@éw&%@ﬂi@bﬁmalé"iéllffﬂ?ﬁ%wlﬁ @é_.afrhjef‘s?%igﬁ}if ﬁh—w Loul d be

used (e.g., polycarbonate or liquid" crystal "polyner)t sen -0ne

advant agehifg proicegs idvdélefiiried! ByhatiotblithdgrpH® tedhAftitidse sti@fas oy an
expensi ve synchrotron radiati on source. As nentioned above, there are

r el at i véeyelopedviarymahufactwing integtated wirchits. By itsqmm_@S,-Uee{s"RlE%Gﬂ%sar e nore
readily available 20 and relatively inexpensive, and masters can be create
i'n Hbst99rshkedicality, aleuingedimansiarpsitucttces ol Bmestblishehibmannent.s. . &/
Conventi.onal .synchrotron LI GA processes require X-Ray masks. These masks
are fabfimMensi Bst&MSrt i ng with standard quartz/chrome masks: with the
desired pattlsr ns Filgereoljaés_'léhseuit%%}terns are subsequent If?/0 transferred onto

silicon eep prov & process for manufacturing flow sensors .-
s Heither-directly or by manufacturing micro-molds)for use-in connection-with-a - - o
= -closed-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 aceepting the impeller gears so 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



: 25 -‘(V\:hiCh I's transparent to synchrotron radiation) in the formof gold or

beryllium patterns, which absorb radiation. DUV LI GA, pnpee&nhhasioosuses

t he standard quartzlchronme mask to directly process th 8. . Therefore,
anot her WAVAHMEE4i 21 Decenber 2006 ,,WO 2004/ 000394 P%ﬁ@%@?%??% 28

of Using U LIGA is that the SU-8 material and mask are believed to be |ess
expensi ve than conparable materials used in conventional synchrotron LI GA

Ref er r i fgniberdf rhatdrials. 18, orid prefdrred esbodimentnbase Byer 6644ongoBesand 608,
respectively, are pertinent steps associated with manufacturing a_ positive
5 di splantnengiliddrowaternJiis can algodbeddene with mary diffeesi teas orpdhestEss. 1n
general, deep RIE is a silicon-based process in whi i;‘h deep reactive ion

et chi ndayarsappdliphetoresist eiay bei uﬁ@dya%@erﬁdawab’eéawrc&f REEW ‘fﬂtef romthe
T Gk BT
| G et hdfes FniRd on e SledeutERe AR BREKRE DRl M RaiGrs e
ensor Srchapvaiepmer afde, e T ARlipRaR R g eibhea RRRARAF 2L "0 L1 P

- connect j.on- W - fdiONInG Yorlch , dirable
“raccorda ‘@%”%‘%’%?F%%Sg‘lﬁ% r(]) 8%%@%\%@%@%@ mems%lig?vﬁ%v%@ggﬁsor may be

creat e%@fﬁsfecﬁ%bgﬁgrﬁbéihgﬁodd&al IS phtiem isaRerevies transferredntbvet o ng an

accepting housin rom ther substrate (or from another part of a single
subst r ah8)basENay&owsd Nailissmiirpleactive iordetchirlg. gdamy copinmanly pugilalilened f or
accepting the inpeller gears so that apositive displacenment . arrangenent

i's 1fpor nstsbtofEatst ratesialioareauitablpr df shauid pei undearsiosd dhaidbe Zndimangicnato

| andi ng., The inpeller gears are then placed on, their respective rotation
pins (miaskeatteamoatitpedransjersed tan miteanate lawsssich o8 e slispanitgdesry. | a,
clear, heat resistant cover material such as Pyrex(r)) is thereafter

. anodi casiligon py¥dedayato the |anding on the base. Al or part of the

|rrpellers angtljrct)l’rlerl?%s ep%%gtg(? C‘%tglgc}(oulfgséwe*as:'th'e-"etcr“r"méékffiésrﬂ"cﬁ"a?-m'étai!.i’c':f?-'—' o

- 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). .



oxi di zed to produce a desired optical contrast between the respective .
surfaces 25 This optical contrast can be used for senshmice@bat 2eos of the.

| npel | er swoRo@s/0083ds! | ustrates pertinent steps of produc an inpeller and
a housing for a  flow sensor. Beginnipg at 602, a wor kp#’gg@s?@f”.“ P#bar ed

conprising a. silicon substrate 612 bonded to a base | ayer 614. The base
| ayer 614 may conprise any 21 Decenber 2006 WO 2004/000394
PCT/ US2003/ 017 pne enobddiment ofaflow sareor (@ggrepasitfedispdicenptfiornt , base
| ayer 614 conprises another silicon wafer. This can al so be done w th many
di f f er eRENEY) dBAMHTaciyRed Isiag despdriE, thediliphiv parte sirs toatey! with asekitiaslyan
Q her supstrate materials may be used such as, for

dhesi I .
2xa(rans): \e/,ﬁag‘f%ﬁ%@??”@ Do dSlican pHEde, eyban, o diamendibepe the sepguiriied on the
i dth t d usj d devel t st .
Thus. t RECHRBIE Saon < ablibf bre Ml AR SUah v sGROHBImBrONRS Rpat 1 of
par © berherahTehit RipdH ol gt e Bitip b etk ot atend amt ot he
b I ; Lk Q) | | ' hi ng. monl
avar bl EnyFeing PAIEARLAN! Ao RN E ol 8 vty mUateY 6 NG 41 oo
that t hgyoldifly TeRsscRIrs irf@?é‘iaf?@él&%W-cgﬁﬁf!h&rﬁﬁ%@fr@e\%%ﬁhéﬁd to an alternate

| ayer, such as.a silicon nitride or ayer. Further, -a-:

deposi t ed rrEtrﬁbn@@Hibﬂ)cﬁrﬁéﬁi?a%ﬁic?@%@&é@oﬁ?rﬁ&ol-fgﬂﬁgéteéﬂ'EiW@%ﬂéoﬁ‘é&&?ﬁ,@ mask
- Dy

woul d be useful in fabricating relatively tall structures I've ion

15 .. chasifivedispidvemprision serisor) klsitdund sREgSS for bl IBbEed fifie (- 0.
silicon) may be etched at a higher-rate than the photoresist [ayer is .-~
beilfy evihea admipistrativarthbe .9 tuba 200) a3 par afredispodable BttnisRaffipt or es st
mask may be rendered effective: if the etching process is carried out

ext ensi & ynEgofhaysrabediment; sushra flow sepseris dntegeated iio anuintisish sefdnons
deep) . es; a netallic etch mask 20

| n. ' ' h tall st t
(et heavlishARh0R sURIZIRG ain. 1Bh SdGTolek 1o, iy Seson dhal |
- Ref or i il k9B Saddard I PRRSRL SRSLalA0, 28 2 2 dimension shape

- :Finatly, 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- , .-
o fabrieat-ion-techniques;may:--be-ﬁtbsﬁiuted-;:c?i-’h'esesrtechniques inCI_ude,-fon-exaﬁlple;' R
: 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 3
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



corresponding to the 3-dinmension part being produced.. For exanple, if an
impel ler is being produced, the photoresist has a 2-disepsidmbeshome |1 ke
that of the desired inpeller. The workpiece is selectively exposed and
devel opeWwOs004/#083%4t he exposed 25 silicon is etched awafCTUS#PAY #he base
| ayer, a silicon structure of the dedlred height and shape, and the
phot oresi st (see 604). Thereafter, the photoresist is stripped away,

struot dpltveR AL LEkTERR k Hathaue, Ll of e bR AR PRl It 8F ¢ 100
2004/ Oqgéggggggv. ;@ﬁ&@éﬁ %@é%’&h q@rﬂer&alw AT PRAENBSctitn fatkthan sensor

(e.g., P I'Sp ment Tl ow ‘sensor) manufactured. using deep RIE,

the sili Qo dnAkedsated with a relatively harder material (e.g.,
silicon nitride, carbon, or dianond) before the sensor is assenbl ed.

Silicon is grifar dlusheatesun altéraativs by isihg aropticahspal. Assillusigatedpiheves the 5
strength and rntegrity of the parts. Also, it should be understood that,
rat Ber ddpapieceT00fmstimposgd phereupan aaratieyn 782 dpatreplieatas pae posiionof
fabricate nmolds for mcro- nolding fl ow sensors in a rel af%ipéelxé | oW cost,
hi gh- vdhertworimpetiers retative o eatl eifirsndn oaearebedimsnidatism PE i apaRd cat ed
fl ow. sensor (e. a_ positive displacenent flow sensor%_ﬁiatsl si.zed and

shaped tﬁmpuéea@gpba@%‘cﬁdﬁﬂvq ProCcegrs P $HHRCHYGPRP sSSP UE (e.g., tube
208} BarL 1 o8 svgeabl G ot ciglu, ifiao LA AR arpbed e
. ;‘i;f o q%ﬂ%;ﬁﬁ%&@% ?ﬁa%%ﬁ'tﬁ%i}"éig'?é*%?r‘%‘-’ﬁféxgﬁ‘s%%ﬁﬁ%ﬁ%‘ﬂ% iy,

2! LAOL A ardte b e ?ﬁﬂg&ﬁ’%at%rﬁ RIS AR LReldbO Pp%Iét%h;)!?@fa@fIrgﬂd . 15

met w sensors (or s therefor other mcro

fabri Caé&t%e'isei?ﬁiéﬂfﬁm% 15 imhihhtet 19 ohesRiorc NG e Fefloatdduiback f or

~ exanpl e;”"'synchrotron LI GA ancitechniques that are not yet available for
expl oi t@binRe rElaively light itnpaier Wbee \dierathedmpeliesearz0&posetitfadoh @ehind use in
connection with -a "positive displacement flow rate sensor, in accordance __

i th aspiledi T2, TTieus) bedheimpaliers fotdte, the amotmt of light refiscted back (819,

to an opical 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"‘ﬁéfﬁiél"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



20 invention. As explained above, one nethod of determning flow rate using
a positive displacement flow sensor (e.g., sensor 402 of1 fi@mbeftP0861d 4B)

i nvol ves. opt ically nmeasuring the rotati on of the i npel l ers | obes. For
exanpl e, WOHEY03%pt i cal spot is used to mark one of tweTiushasni?Aus eader
detects when the marked | obe passes -a2-gi ven point and can thereby detect:
the rotation rate of the inpeller. 25 Because the flow rate sensor is a

posi ti veDldvInGAceyRAENGERIRGNEPES tbn%ﬁoﬁftg%u%yerté’f%r s@éﬁsbq' ah@t e

corresponds to the actual flow rate A simlar technique i nvolves

det ect orthérmatizedkxposing, develoblie), aadsisctr éﬁlﬁind 0I@'F§al&@ @sib?é tdaﬁatvb due to

an optical contrast between the base and inpeller. the base |s--dark and
t he i npdhe @rd$rs—f21bntmteemberﬁr§(mﬁ lﬂt@llé&kﬁdﬂﬁﬂS%ﬂﬁ@ﬂ&Lﬁﬁ&ﬂﬁéﬁhﬁt@& -31

rel atlvely I |Gg in contrast to the base, nost of the reflected light wll
occur twéh;ﬂaaﬁesellesacé@r I@!nshp'ﬂn@raaﬂegénmmblwafar isotwsned. basit er
detection r%fﬁg nonitoring.a marked lob. Fig. 7 illustrates an

al t e? na@inge? R @ basoln elehPing @y impsliens).ust r at ed, t he 5 cap piece 700

e e, R b Bk rob oS 2 |
P P A o P BBl R b
T A e ORI G R Ao B
G & Sha otk o S oSS BED L AN o1,

illum nate the flow sensor )
ligha i tlogd duap@SpoMess 4 @sutm@atd & Qa% fr nd patterni,
702. Thw as the inpeders P ot ate, p'tﬂi‘ehWgésrrrgt}c'rél)t‘g‘pof " Sm]gfmect ed back '
(e.g. fabrtlngtﬂommertwr@usmg)sﬂmnt a%ﬂ@népa‘dkagél(é@ thetsf'lﬁzoﬁmunt of the

i npel ler 704 that is 15 exposed from underpattern 702. Thus, reflection

i nt ensi E9ME@CNEN§S @yl ewemkpp caw be forrded 61 B inside a)ptatstlalhouehgtthansaSSOCI ated
with a | gbe. For exanp the refleced light intensity wll

“iner eas@/ﬂﬂ@@?@h@%tfaﬂlt'@nﬂh@‘ﬂﬁfl%tﬁb@@ﬂtfm f@iﬂfﬂwspe‘iucrteaqﬂiaﬂhcdmusmg can.:

-include, for example, input.and output ports.. Other vanat:ons are possuale f SR

.15 . Inview of the. above lt W|II be seen that the severa! objects of the: lnventlon

- aresachieved and.other. advantageous results attamed S
- When ,|ntroduc|ng.elements of the present ;_nve,nt!on 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-li_s_ted._elements. s _
As various. changes. could be made in the above constructlons and methods
without departing from the scope of the mvenhon it is lntended that ali matter
| contained in the-above de,sgnpt_lon_,or shown in the accompanying drawings .shall |

25 be interpreted as illustrative and not in a limiting sense.



~tha

.errbod| ﬂ?é‘flﬁvd totRe H@W&rg%t%ﬂahbﬁdjﬂﬁéb% @jtpm @@@l tive displacement flow
sensor. Simlar, in f

dependi ng upon the nunber of | obes; thereby providing an indication of the
rotation rate of the sensor. Such an approach allows a fgeagc@ﬁmimesopti cal
system 2Q to be used because the entire filed maybe il um nat isto
be under YOI t he steps described herein are not t"STlﬁjéz"“é’g’r@ior ued as
necessarily requiring their perfornmgnce in the particul ar- order discussed
or illustrated. It is also to be understood that additional or alternative
steps may be enployed. It should be further appreciated that the novel
princi ptiesg® and processes disclosed herein are not linted to the
particul ar enbodi nents illustrated and described. For instance, flow
sensors haviWwglAT ISOOBAIMBPES. nature L can be fabricated (e.g., inpell ers
having pins on the botton). As a nore particul ar exanple, inpellers having
pins fabricated on the bottom can be fabricated using 21 Decenber 2006 WO
2004/ 000394 PCT/ US2003/017740 -32- . DUV LIGA bﬁ add| ng anot her | ayer

(i.e., anotHer S sysjem far d@kv%‘tr@pa o at aadepir gatedfom @xposi ng,
developlng, and el ectropl.ating. i g, also SSIE 0 reverse the
or der - Fa$Rvel e aflalivery pajpt %Wq%‘él“f’@r%pg FIOSYHARLPPPTISING con et ching

b d t t h | 1 Th ft th f
i ned- over &alghacaniet beRgesr e Sbouli erIERH BhpLiVara) " ruriner

tradi tg\gﬁ@]e g{@ﬁ‘n{iﬁéa% Jqua k&ﬂ{é érﬁchnl ques may be enployed in connection

with a MESENT |o’h In particular, nmachining can be

useg in con Jh@gs%éiatﬁMtﬁil%dafﬁféﬁéﬂ%l? babaliea Ay acliddy s of 2 mol d

are not nsi ona critical” Such features y i nclude, in sone

ricating flow sensors using silicon, a silicon

- package (e. @& ﬂoﬂf Bensiirlibestad atmmreedélwemamreeforsdem)ng:aﬂOWmﬁ ormed to fit

inside a plastic housing that is fabricated by traditional plastic
fabri cthe flnidtiadiedeglesy chdoodl andloagenerdtings v cale sngnalohaildatwef or exanpl e,

i nput and output ports. Qther variations are possible.
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.



1.5 1n view of the. above,. it will be seen that the several objects of the"
invention are achieved and other advantageous results 2t batdiaekr 20ben

i ntroduci bﬁﬂﬁﬂﬁs of the present invention or the preferred
enbodineﬁ??E@ thereof, the articles "a," "an," "the," af§¢TASANEVITME
intended to nmean that there are ond*r nore of the elements. The terns
"conpri sing, "5" i ncAwstegn asdet i g il qﬁg§ e inclusive and
mean t hat there nayugg additioﬁ2ﬁ1“2§gﬁgﬁ#gﬂ%§ﬁgﬁgt ang?@%”Fisted el ements.
As vari oeRmptisemyas assembly dfenioroendlded BempBAX¥ALscONSt ructi ons and net hods

Wi t hout departing fromthe scope of the invention, it is intended that al
matter contained in the above description or shown in the acconpanying

dr awi ngs shaBé 25 be interpreted as illustrative and not in a limting
sense. i 21 RcentRsysieobas eet utuinadaisot wheTitReM3Nsdnsbrid 0 -33 CLAI MBS
VHAT IS CLA LS 1. system for delivering a fluid at a desired flow
rate froC%pé:‘H\é?Eét%%@B&'?g @@N&atﬁ'&fmra,boybommubsmmmma iml/Br, pat i ent, said
system conprising: a delivery channel between the reservoir and the '
delivery point through which the fluid is delivered to the patient; 5 a

associ atzed w j .channel for operatively deliverin t he
1I‘O :JHP dto t;]e'?gel Wﬁ?&*%’g‘l %ej‘s%t\t/fgéh"&(‘fﬁf?t'!a%’lr@‘eﬁﬁgmislif\:ﬁ-@g’e%deﬂ‘l ow segsor
| ted ] i | HS | . kLhg a,fl. f the fluidinth
ocate a@b@ﬂgtéd{\ﬁltl‘i'ﬁ{é ﬂ&&%eﬁgéﬁﬁ‘? reéé?ﬁlpﬁ-glaéhg@gggq.aﬁgppgﬂ@pgog@qmg o:‘ nthe

delivery channel -and for gene Ing a

‘a-rate affid oonted ddieal indieaveof R M) lakeLiona 1 880FLon gl LLau sensor 10

- conprising a positive displacenent flow se

* cont r ol tHenfpow lcenfrohgignaslaird Sajnbﬁ@! {Iﬁo&ﬁﬁﬁﬂé@&of gf%uﬁﬁhﬁ%trssﬁo?iseom put r at g}

of the {)urrp as a function of the Tlow rate sign

hereto. ‘

o 8. | .A_systerp‘ as g_et;for‘t{\;ig _clai_m-?,whgrein theflowsensor - . . ..
- comprises a rotatable impeller for rotating.in response to the flow of thefiuid.
in the administration-.tu_be and the:ﬂéw rété’signa’lt_;é@pqi‘ses- éﬁ oétical z t'
indication generated by a rotation of the rotatable impeller, and wherein the... -
5 reader comprises an opticél reader'--i:réé.'[‘:;;gs.i;/e:'to fh__e optlcalmdlcatlon for

providing the flow control signal.

9. Asystem as set forth in éléim& wherein-:;:._ : . s LJ
the optical reader illuminates ihe flow sensor causing a reflection frorﬁ
_the rotatable impeller; and
- - the optical indication generated: by the rotation of,.the- rotatable impeller. .
5 comprises a variation in an intensity of the reflection from the:rotation of the - .-

rotatable impeller.




whereby the desired flowrate is substantially achieved. 2. A systemas set
forth in claim!| wherein the flow sensor conprises a prASBéceent@e20@® havi ng
no el ectrical connections thereto. 3. A systemas set forthin claiml
wher ei n WR2MEMOGHr y channel conprises an admi ni strat iPRST/HS2H3/0477d0 t he f 1 ow
sensor is sized and shaped for beijpg positioned in fluid communication
with the fluid within the delivery “"channel. 4. A systemas set forth in
claim 3 wherein the fl ow sensor conprises a MEMS device. 21 Decenber 2006
WO 2004/ 000394, PCH s\t @@/ <8k fodi®in cldifn 7 wHbrsst em as set forth in claim3
wherein the fl ow sensor conprises an assenbly of m cro-nol ded conponents.
6. A system #m few stasotintindek ai rotdtablbdmpietiert foe rétating #® rsgponks to capabl e of
detecting flow rates fromabout 0.1 m/hr to about 2000 mi/hr. 7. A system
as set the fowiohthe fiidhin theuadiménisteationrtubenandy reader associated with the
flow sensor for receiving the flow, rate signal and providing a flow
control signHie ieadeeeempeses athiall sensar thatsespen an electrigalsignalol | er
. recejvin the flow control signal_ and adjusting the gutput rate of the

pun$ i nﬁ'&%ﬁ?ﬁé@ rotagign &f e gc_)ta%b%g@géju@r é‘BHsPé‘PV' ¢ the flawoairal 7 wherein the
fl ow sensor,.. conprises a. .rotatable inpeller for rotating in response to the
f1 ow of '@Ra! IPTEP nﬁent?"?FF'éoadm nistration tube and the flow rate signal
conprises an optical indication generated by a rotation of the rotatable
i npel l er, and wherein the reader conprises an optical reader responsive to

the. optical §pdi cg%%,%@ﬁagsepf&m_ﬂi%n{ Jﬂﬁ'rwé}\r,&gmsrii . signal. 9. A system

asset forth. 1'n cla erein. the optica 1 um nates the flow
“SENsor causi Agedidreéfssesiatetwith @R flow sensor for receiving the flow rate
| signal; and
a wireless commiunication channel between the reader and the
8 controller, said reader providing a flow control signal indicative of the flow rate
signal to the wireless-communication chanhel-and said ontioller recsiving the”
, flow control signat:via the wireless communicatidh: channefand causing -~ = -~

...adjustments to the:output rate of the pum SPONSE thereto: - i i:: v o'

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

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

- 13, Asystemas set forth in claim 1 wherein the delivery channel -
comprises an administration tube and the pump comprises an infusion pump .

located alohg the administration tube.

14, : Asystem as setforth in claim 13 whefein the infusion pump is a

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



the rotatable inpeller; and the optical indication generated; by: the ,
rotation of the rotatable. inpeller : 5 conprises a vajipbédpfbdrPo6d

i ntensit ,sz tgg reflection fromthe: rotation of the rotatable inpeller.
21 Decenbel 2¥H08*30 2004/ 000394 PCT/ US2003/ 017740 - 35PCELSAOIMETTéM as set

forth in claim7 wherein: the flow-3&nsor includes a rotatable inpeller for

rotating in résponseysiem ﬁ@geﬂ‘qo@fmﬁfctéiﬁﬁé Whefeinths Rus H"Cdtwn?ﬁfation t ube,

and the reader conprises a Hall sensor that senses an electrical signal 5

caused lopmprisesair ambolatbtydnfusion g, | npel | er and provides the flow
control signal in response thereto. 11. A systemas set forth in claiml
further conprising: a reader associated with the fl ow sensor for receiving
the flowrate signal; and a wi reless communi cati on channel between the
reader and tH6- cg’nﬁ;ﬁiﬁms, setdbahirstim 13 vhiediin ghairflision pamip ol si gnal

I ndicative of the flow, rat signal to the wireless ' conmmuni cation

channel S3MRNSES @ YAIWFEYIG BIUSIQEBYTPg the flow control signal via the
wi rel ess conmmuni cati on channel and causing .. adjustnments to the. output
rate of the punp in response thereto: 12. A systemas set forth in claiml1l

- uherein e YoT o B8 GHBRGANH BGRIRiheGle A50be RbRd 7SS A"
Syt aompsiced Shdarh RNl 088 0ol SSHBAEEY o A0Rh pUFRET L5, 20

the adnédririoted i®thd 88Rinidifation tEBE! S5 Whesih thgfré&rwir%laﬁi sbd ginerel n the

infusion punp is a peristaltic punp, a piezoelectric 0 val ve punp.
- syringe barrel having an input opening and an output orifice operatively }
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 ‘- o

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.; o T

corresponding to the desired flow rate.




- wher ei n., t_hie desired f)] ow
a

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

forth in claim13 wherein the infusion punp conprises @AnDaba200§

i nfusion punp. 16. A systemas set forth in claim 13 wherein the infusion
punp coSH08EWP4y ol unetric i nfusion punp. 17. A syst @aTAS2660177¢rth i n
claiml| wherein the delivery channel7- conprises an adm nistration tube and
the punp co I se L Of sl s n 0 th dm nisiration tube,
and wher ei nntER'e "rg‘s r\t/%[ﬁrdécséoe?rgorrﬁg@c%mgﬁ%{g&‘ %‘%‘P& 9 %/Pdetfﬁ & nput

ool NIfARTAR SN A 4d BRNGPESABYRLY ARRBRISIH Belibe 2dm 1 St BH! on

tube, and wherein the infusion punp es a Syri unger slidably
I nser t eproviding bhandiatiog of BRbpelating<eMab of the dbBiRtd nGRTNA and a pl unger
driver responsive to the controller and operatively connected to the

syr i ngergsiponge to they floawaiengiatas pipidli ve  di spl acenent of said syringe

pl unger, whereby the positive displacenent of 10 the plunger operatively
delivers the, fluid to the delivery point and-the output rate of the

i nfusion pu is adjusted by adjusting the positive displacement of the
pl unger caursTEH byAtsistasn as get fosthi in olain 20 whesgisttbeflaw et status h in claim 1
rises a pulsatile flow profile and the

cont r ol F'@PalLrses § sigpat I'Ba{(’gﬁ‘éé;gpgpqulfé‘gﬁdﬁﬁh%d@ﬁv%&ﬁaﬂh@ angt put fl ow
te h - rally..pul satile. cha terpstic : ding to th
Gost r o dm s Il BuichyBH et Bl ordernfild SR b SbsiTen fidkrae camentasn t he-desi r ed
fl : i T g ks, f | . h troll dj ust
the ourindiBBhigeinb e by rafinePhes Blodiier at e has & o

~time-varying characteristic. corresponding to the desired flowrate. 21
-Decenber 2006 WO 2004/ 000394 PCT/ US2003/01 7 74 0

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

B T - I Mk B e L D

'23." " A system as set forth in-claim 22 whereiit the wireless

‘communication: channel comprises a spread’spectrun-communieation- 5.

charinel operating in an unlicensed frequenicy band. =+ 7 >

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; | '

o positivé 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



.indication of the operating status of

-37 20. _ A systemas set forth in claiml wherein the controller provides
a flowrate status signal and further conprising a stai{uSedItcr onodg
devi ce p@g%bjj,dagsggn i ndi cation of an operating status of the desired flow
rate in response to the flowrate status signal. 21. APEF4{Saen3ad7det forth
in claim20 wherein the flowrate status signal conprises a signal
i ndi cat i ve, _of centdlondéagrassocidie MR i ] ein the

_ o YAl AT DBREY ritihs WOEh i eads an
i ndi cat i ©68PPASIMEtd Shienflow nate sigeaidel aup@ﬁ.ngwaﬁbuh@a‘ie%f%?ﬁ&iage- 22. A
system ?c%,set forth in claim?20 further conprising a wreless
comuni GRAVERH Weans such dhatithedesired idefivetyeratd abwhishehs fgldis Signal fromthe
controller h.o tthﬁ] staﬁ,‘ﬁus- moni toring device. 23. A systemasset forth in
cl-ai m 22URRUPE to the delijene peint assorigted will tmpatimwaeﬂ)stgﬁﬁayses a spread
spepirurgcﬂ ni cati on channel operating in an unlicensed frequency band.
24. cl"osed-Toop fluid delivery systemfor delivering a fluid front-a.

‘reservoir to a delivery point associated with a:patient at 6 desired:

delivery rate via an admnistration tube, said closed-loopr fluid delivery

system conpr gl ng:a I lel.,very nmeans | ocated. along, the adm nistration
tube for 5 operat ﬁ/g%él%g]p? yllﬁéﬁ#'ﬁgrﬁﬁﬁiﬂntaﬁ%ﬂmybm a8y 240i nt at a

cont r ol digreinahié Pﬂébitivé%ﬁs‘iilaéé?ﬁéﬁ{ﬁ&”ggﬁﬁl&agﬁ%& iﬁ%ﬁgggg ian means |ocated

between the fluid delivery neans an aRthsi ng an

act ual tdrdeingiposidénédin il WofhrhiinicBfioll Wit RE MRN\RING mand Tor generating a

flowrate. signal: indicative of 10 the actua Pe of the fluid in

‘'t he del agminjsteatiomieibe. and 21 Decermber 2006 WO 2004/ 000394

PCT/ 1JS2003/ 017740 -38 control means associated with the fluid deliveryii}
means receivi ng and : : : ‘ _

26. . A closed-loop fluid delivery system as set forth in claim 24
| further comprising detector means associated with the positive displacement -
- flow sensing means for detecting the flow rate signal and for p'rovid.ing-é flow. -

- control ’signaf indicative-of the flow rate signal and wherein the control means

S 5‘.._;:-»—_-..-.:!:_'6031\[_&5' the flow Cenfmlmgnalandad}u_SEstheoutputrateof\theﬂuld*delwe[y

means in response thereto.

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

w

- further comprising a wireless cémmunicatioh path-between the detector
means and the control means-wherein the detector means provides: the flow

- control signal fo the contrel means via the wircless communication channel,

~ 28.  Aclosed-oop fluid delivery system as set forth in claim 24
wherein the desired flow rate comprises a puisatile'-ﬂ_ew-' profile and the control
means adjusts the oulput rate of the fluid. delivery m&ans such that the output:

rate has a gen erally pulsatile characteristic.

bl




responsive to the flow rate signal for adjusting the output rate of the
fluid delivery nmeans such that the desired delivery rate psHcedbetodshe
fluid is_supplied to the delivery point associated with the patient is
subst ant Y49 P4P4A3%: hi eved. 25. A closed-1oop fluid del iPE3YYS28434MEH0 as set
forth in claim?24 wherein the pos?%i ve di spl acenent flow sensing neans is

si zed and shaped AféPéséhQiOBP agmﬁ:gﬁé]i‘%gggy%{gn{éyi&gpg@gﬁﬁﬁﬁté{n with the

fluid within the adm ni st oop fluid delivery

syst em ahiesih the Ebitrolmehmd frovfesi JEINSS siBRBMAdRRhIE BEIRCAGaTEaNS .
associated with the positive displacenment  flow sensing nmeans for detecting

the fl oflowatizs angsail systink further eohibristhmbhitaring Aidanelreséigingl thendi cat i ve of
the flow rate signal and wherein the control nmeans 5 receives the-flow
cont r ol staitymsignabipgingdijatiopsan eperating statusiobtheffiuid defivery dysieim.very neans in
response thereto. 27. A closed-loop fluid delivery systemas set forth in
claim26 further conprising a wireless comuni cation path between the

the 1 ow coRbr of AGISNODE THRLIGALY BrsiRBARoaab R CRPEae — ©
' ' | .. A el d-.| flui.d . deli . f h
ool ai WO TSRS iafilcothsRSR Hoffling! EabPRaa Sl aﬁ%@éﬁ%;&‘sf Zﬁbv o
fil ~adjis t. r.ale. i
el veryCRORIEARh e ol MREr RIS bpetalg A BBy I cau ' ¢
char 2t BbhRbHig frbahs CBffod AAna GO REARRP P ETE WIRRASEINGT 40 -39 29.

A closed-loop Tluid delivery systemas se in c wherein the
cont r oltfupeag plgekeyi des a status signal indicative of the actual flowrate
~dnd said system further conprising nonitoring nmeans receiving the status
~signal for indicating an operating status of the fluid delivery system
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 _a_‘g[ninigt_ra.t‘ipp tube, .
- f_é‘ai"d'sg?s’tem cbmprising:,:;-' T e e SRR
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. of the
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 -



30. A closed-loop fluid delivery systemas set forth in claim29 wherein
the status signal conprises a signal that is indicativezbbeeetbarciage in
the adnm Riggbi@ljopsst ube and wherein the operating status indicated by the
moni t ori ng means conprises an indication identifying t hECTEUH003/017740

admi nistration tube is blocked. 31*%-. A systemfor delivering a fluid from

a reser Wglivenomacbianismeay afahcfon ebhedioa 8shivbltdigmaiRakh 9kt @k @ desired
del | éery rate via an adm nistration tube, said Systemconprising: a

del Aer \PuiRdtiow sxe dpeubstantally equaldo tiesldbsitawasliidip ragser voi r and 5 the
del ivery: point, said delivery nechani sm being constructed and arranged
for selectively delivering the fluid to the delivery point via the

adm ni strati 7 th[{)e a*t a controllable output flow rate; and a cl osed-| oop
control syst &M cont PHHPITHES Beldophtipglaim Slwherain toé pokitivedel i very . '
stem conprising: 10 a positive

nmechani | I -] oop _contr ol

di spl acgﬁg A?@éfrﬁ%@vfg’zﬁggbgﬁﬁﬁg@pﬁq tapeskiofibeing pesitioned witbin thei on t ube
for det : Q4 i .of the flujd in the admnistration

t ube an%‘ﬁ@?ﬁ%&@?%h‘gﬁ#@ @WW%’?@%%WEQ?’P%%W ef | ecting the actual flow

rate; a reader associated with the positive displacenment flow sensor for
15 receiving the flowrate indication and for providing a flow control

“signal refl eB8i ngAtdyetéha setiterih ibiaRh 39Nwhérsh M’le@elﬁ%ﬂ}m' | er associ at ed
/Ty

with the delivery nmechani smreceiving and responsiv he f1ow control
si gnal M&chanistr edihpriges ha infasipntpdrhpw rate of the 21 December 2006 WO
- 2004/ 000394 PCT/ U82003/017740 delivery nmechanismas a function of the flow
control signal such that the 20 output flow rate is substantially equal to.
the desired delivery rate. 32. A systemas set forth in claim31 wherein !
the positive3*di shisisienpas set butisinclaim BS vhiereth thednfilsiepuigr bei ng
positioned within the .
~~ tomprises 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 ampq]afgg_ryainfusion pump.”_ o S |
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.




adm nistration tube in fluid communication with the fluid. 33. A system as
set forth in claim31 wherein the delivery nmechani sm conpetdifser@0o6nf usi on
punp. 34. A systemas set forth in claim33 wherein the infusion punp
conprises a syringe punp, a peristaltic punp, a piezoelectric punp, or-a
val ve punp. 35. A systemas set forth in claim33 wherein the infusion punp
conpri ses an anbul atory infusion punp. 36. A systemas set forth in claim
33: wherein the infusion punp conprises a volunetric infusion punp: 37. A
systemas set forth in claim 31 fyrther conprising a wreless

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

cormuni cat i g paA@;ysl%% as sét PUAISBlaRA A SLrth& ddmpridig &A@l wherein the
desired del1very ate conprises a pulsatile delivery profile and wherein

t he comidrilior ahd sharsinlte cbeddwlp om@itiol spsteanirevides alstatbakignat put flow rate
has-a substantially pulsatile characteristic. 21 Decenber 2006 -41 39. ‘A

syst emiraticatiag wharn theiactusl fowrate i$ belohea flowmpteitBieshold, saidstatus noni t or and

wherein the cl osed-|loop control system provides a status si gnal i ndi cating
when t ROTHISE (RaeMinGershatys ﬁ@naleqlrﬁ@@vwwm mdicafipp f@iieected d st at us

nmoni tor, recegiving the status.signal, and providing an indication that the
act ual ﬂ°¥"|f8§9 ‘?%&WE‘%@%W%‘?M@#T@% rate threshold. 40. A system as set
forth in claim39 wherein the indication that the actual flowrate is
below the flow rate threshold conprises an audible alarm 41. A system as

~set ‘forth igpcl anmys@nvhe b6l rth e claid i30attiargintthaindiditiondhatahef | ow rate is
bel ow the flow raté threshold conprises a visual alarm
actual flow rate is below the flow rate threshold comprises an audible alarm.

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;




42. A systemas set forth in claim39 wherein the indication that the
actual flowrate is below the flow rate threshold conmprjsgs.etper B | N9
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

bet ween the reservoir and the delivery point, said delivery nmechani sm
bei ng constructed and arranged feéi2- delivering the fluid to the delivery
point via the adm nistration tube at a controllable output flow rate, said

cl osed- | oop é'réﬂdér%%&hteﬂ%ﬁ% oSG [ ' acenent flow

sensor connected in-line wt ﬁﬁegﬁégggg}nﬁsdrflg@??%pié)@ﬁlot%'§§n$5r%8%et erm ni ng an '

~actual fosivingithe fifw te ifdicattbri and kst pradding] #A16 coRltol siBRaRd for providing,
an flowrate indication reflecting the acfual flowraté;, 21 Decenber 2006

- -42 a rigfestingthedlovaratelindicationhengosi ti ve di spl acement fl ow sensor for

receiving the flowrate indication and for providing a flow control signal
reflecting theEonQfigr psseciated with thamdelivedy mecbanisol tezeivisgandat ed with the
J and _responsive to the flow control signal for

del i h Al
cont r ol PFRGT VR0l JEHY 9aTie siane! for controling fheeutpubiewariesehtae a functi on

f th ; . S h t.th t fl [ bstanti al |
cqual PRy B s tuRYER of 3% o0 SonlPe) Baal uGHhAl €8 cont rol -system
as set oﬁgjdtmomafé @i éﬂb@taohtia“g%rqﬁ%ﬂotthg %gisrhél h&ﬁ%ecewjgiﬁgcenent fl ow sensor is

si zed. and shaped for being osi t1one nistration tube in
fluid conmmunication with the nedical fluid. 45- A dosed-loop flow control

. .systemas sqy fopth i clalm 43 further —conprising a wreless
- conmuni cat i o% chérﬁ%%erab@b&leﬂgw (f%émi@éﬁ%m aésrﬁr}R{‘?fB‘ inctaim 43
: wherein the positive displacement flow sensor is sized and shaped for being

positioned within the administration tube in fluid communication with the
medical fiuid. |

- 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.




controller, said reader providing the flow control signal to the controller
via the wreless comunication channel. 46. . A dosed- baqwcth®wr ssuat 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 Degenber 2006 -43 47. An adm nistration set
for use in connection with a fluid delivery system said fluid delivery
system being arranged for delivering a fluid froma reservoir to a

del i very poi nt7 asédadministiatiom sat foatpe in connestice withaifidid delivery rate, and

wh ' id fluid. " I ncl ud Jhavi

For - ael et fhifl Selicrbnitein Benoiirarosd reSebbros A e ang o
troll ' LnNg. { t the desired

el i ver yEraaRo Ak s HLR wiEh bafnl ol PHTRAUINS S, | 1 0% 1

CoNnpri SiraGs, aRd wherdin isaid fiid 8IVewPSydtem iﬁaeaéghrwm{dd Kaving QRTBURRAL I ON

between the reservoir and the deltvery point; and a poSitive displacenent
f | ow semsterfot delivering flidrfeon e raervaistortag delivery pbint Bad Bgcait@lier and shaped
for being positioned in fluid communication with the fluid within the

adni ni sferadiesingdbe outpuk cate of the pumpisuph s tendesitaddalivagorate fsor sensing a
rate of flow of the fluyid in the adm nistration tube and for generating a
f1ow ra?Hi)%tlﬁ'B%“V achisved: &\%@%‘Fmﬁ#@tlgeﬁ%eomaﬂ%ﬂ% flow of the fluid in the
adm ni strati ereb he cantrqgl lLer adjusts the outpyt rate of the
‘punp as a fuﬁ@?ﬁ%ﬁrﬁﬁt\féﬁ 3u¥?g%qét "'?&B%‘i?‘?mﬂlé!"'%if%m‘?%f?% I on set as
set for tdsdrifoif hid Ji - positive displacenment flow sensor is
sized and shépé@dmﬁ%%ﬁﬁﬁtg&é%ﬁgoned within the adm nistration tube such

that subst angipabitive alsplaRbniche flblvWehisbl RehRE albhy HeohdhiMistAdiBnni stration
tube to the delivery point flows through the flow

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;



sensor. 49, A positive displacenent flow sensor for use in connection with
a nedical fluid infusion systemincluding an adm ni st r&tbesensetr 20861 ng an .
adm ni stration tube, the positive di"sdﬁl“acenent fl ow sensor -conprising: a
housi ng having an inlet port and an outlet port, said ports being

operatively co , Lhistration tupe; 44- 21 Decenber 2006 a
first rotor pog?f*ﬁtéﬁg’éb\%sﬁﬁﬁﬁa&ﬂ "Fn%ﬂf"s %"ﬂ%bﬁ@@?r’cﬁ@'ﬂﬁté‘?“ﬂﬂdﬁh&nd t he

out | et pqmﬂet@()s@cond rotor positioned within the housing between the inlet
port and the outlet port, said second rotor being positioned adjacent to

the first rotoa sebd;ﬁ'ﬁﬁbﬂpééiﬁéﬁecﬁ%h?:ﬁﬁ@ %F%gg:feg\é@sp Fﬁ? gﬁ%fﬁérﬁéﬁ&‘ d and

arranged to rotate in response to a Oow O

~adni ni st itae ovllet pdré, sabd sdeémfétﬁgbéhgq;qsﬂfonbﬂ%d%rﬁ% tﬂé.ﬁ,isgr(%tﬁ% E hﬁmen e

adm ni stration tube; and a cover enclosing the sl ng, suc

medi 81 ©Rid trst Bodsecond cotohebéinbionstruttedtankPatifsgdd'® fdidtelin’ Ot or to

rotate and thereafter said-nedical 15 fluid exits through the outlet port. -
50. A poSegRansedpshiieiw ofmdicaldlvic ivtheradminitration tiibé fordedédimdRowher ei n t

h e first @{éd:. _Sef nd rotors each have a plurality of |obes, 'said |obes

of the f PP Mgdical tiygdytie administratieorstuble; ahd second rotor in a gearing
relationship. _51. A pqsitiv i spl acenent flow sensor as set forth in claim
49 wherein tﬁ&oﬁﬁﬁgﬁﬁﬁs'gﬂdﬁ? ugingssuchthatwhem the medieal fluid lowsbr i cat ed

i n ' - Lcat.d on techni gue 52. A positive displacenent flo
sensar AL e FREBt e Mg iRinrp otele G themgttan sakipedionbt  and
secqpd rfﬁﬁ@bﬁtgﬂﬁ.oﬁgﬁ\%&g%@%éégm one or- nore nolds created via a UV-LIGA

process. 53. A posi nent flow sensor as set forth-in claim 49)
wher-ei n the housing.and the first and second rotors are fabricated using a

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.



deep reactive ion etching process. 21 Decenber 2006 ..45 54. A positive
di spl acenent flow sensor as set forth in claim49 whergi Detdrabe@006
conprises a generally transparent covkt™ al | ow ng light to pass through a
portion of the cover. 55. A positive displacenent flow sensor as set forth
in claim54 wherein the first rotor conprises a plurality of |obes, at

| east one of saftd | HuResitivedisplacemestilowsensones ketrfoithdi ciaimdg that is
opticall nggt_ec abl e through the cover. 56. A gosi tive displacenment flow
sensor as'S&L° T &G FOYS compriises sugengialy fransparepboever imliewmgdight tant i al | y

opaque | d therepn that substantiall revents light from
e ng e Ao PR oot (iR { ac ;

passi ng t'hrou €§PVeh nositive di spl acenent flow sensor as
set forthe in claim56 Werein the pattern inposed on the cover
corresponds to a shape and the of the first rotor. 58. A positive

di spl acenent f3mw i i | 1. m.A49., further. c ri-sing a

reader positioned :ﬁ?ggig‘rq?a{sﬁgﬁe:}]?é'ﬁtm%%%sqjsrgsds%‘ggﬂl&#‘ ﬁﬂg\ %gpconstruct ed
and ar r angestefrotheditt B0 ' i . : or. providing
a signal that is indi o niprisesd ptaiRy of [Ybels, Abeal Uil ofik 1diRds PLov! £ 19

the adni bieing atirked witha marier indicationtral istckrﬁidaﬁgv%ﬁe%@btﬂ@it%hg@t g the
0

first. rotor. 59 : A positive displacenent fl sensor as s orth in
cl ai m 58C0¥@erein the reader is positioned substantially within the cover.

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

substantially prevents light from passing through said pattern.

57. Apositive displacemientfiow Serisor as-set forthin “claim 56
‘..~ wherein the patiemn imposed on the cover corresponds to a shape and sizeof - -

thefirstrotor: o e o

| 58. A positive displacement flow sensor as set forth in| claim 49
further comprising a reader positidned adjacent the first rotor, said réader‘ .
being constructed and arranged for detecting a rotati;n ‘of the first rotor and
for providing a signal that is indica—tiire of a rate of the flow of the medical ﬂﬁid- :

5 in the administration tube as a fnction of the detected rotation of fhe first
rotor. -

>9- A positive displacement flow sensor as set forth in [‘_glaifn 58 . _

wherein the reader is positioned substantially within the cover.





