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BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to devices for regulating the flow of

mtravenous fluids. More specifically, it relates to devices that permit the selection of
any of a plurality of discrete flow rates for the continuous infusion of intravenous

liquids.

[0003] In the medical field, therapeutic or medicinal liquids are often administered
to a patient by intravenous (IV) infusion system. In an infusion system, the liquid is
typically contained in a reservoir (a bag or a bottle) suspended above the patient, and
delivered through a tube, by the force of gravity, to an IV needle inserted into the
patient’s vasculature. Alternatively, the liquid may be delivered from a reservoir by

an infusion pump.

[0004] It is sometimes necessary to control the flow rate at which the liquid is



conti nuously over an extended period of time. The flow
rate may be varied depending on, for exanple, the
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t herapeutic agent, or the specific needs of a
particul ar patient. |Indeed, a specific patient's need
or demand for a particular drug or other agent may
vary over time. [0005] A variety of devices and
t echni ques have been devised to control the flow rate
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different combinations of the flow control tubes, any of a plurality of discrete flow
rates can be selected. While this approach has shown promise, improvements have
been sought that would provide more precise selection and control of fluid flow rates,

in a device that is inexpensive to manufacture, and simple and reliable to use.

[0006] Thus, there has been a need for a device that allows the selection of any of a
plurality of discrete flow rates in an IV system, and that also combines a relatively
high degree of precision in the selected flow rate with ease of changing the selected

flow rate. There has been a further need for a device in which the selected flow rate



remai ns stable over tinme. In addition, such a device
shoul d be easy and i nexpensive to manufacture, so
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The flow rate through the device thus depends on which of the flow control tubes is
fluidly coupled to the outlet through its corresponding occlusion tube. One or more
of the flow control tubes can thus be selected to achieve any of several pre-selected

discrete flow rates.

[0008] As will be appreciated more fully from the detailed description that follows,
the present invention offers precise control of a selectable flow rate in a device that is
economical to manufacture, and that thus lends itself to realization in a disposable
unit. Furthermore, a device in accordance with the present invention is simple and

reliable to use. Moreover, by changing the cross-sectional areas of the flow control



WO 2004/ 026373 PCT/ US2003/ 030135 tubes, different
ranges of flow rates can be provided, thus increasing
wo b@4wedsgatil ity of the device. BRI EF DESCRI PRCTNSIOB3/030135
THE DRAW NGS [0009] Figure 1 is a perspective,
sem - expl oded view of an IV infusion system
i ncorporating a selectable flow rate regul ati ng device
in accordance with the present invention; [0010]
Figure 2 is an expl oded perspective view of a
tubes, QR D e (PR bl S Inba B A R ety of
the deviéQ11] Figure 3 is a top plan view of the flow contro
tube assenbly used in a preferred enbodi nent of the
present invention; [0012] Figure 4 is a side
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housing with its cover attached; [0015] Figure 7 is a
inventibnj t om per spective view of a camthat is enployed as
part of the actuation nechanismof the preferred
enbodi ment; 4 WD 2004/ 026373 PCT/ US2003/ 030135 [ 0016]
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device ﬁi‘&&@drdﬁﬁ@é ﬁﬁtﬂaiﬂ@kn@ﬁ%ﬁbédﬁ%&ﬁ%ﬁ" the pResclit ShwdltRsh;

mbodi mrent of thé 1 nvention;

[0011] Figure 3 is a top plan view of the flow control tube assembly used in a

preferred embodiment of the present invention;

[0012] Figure 4 is a side elevational view of the flow control tube assembly of
Figure 3;

[0013] Figure 5 is a perspective view of the interior of the housing of the preferred

embodiment of the invention;

[0014] Figure 6 is a perspective view of the housing shown in Figure 5, showing the

housing with its cover attached;

[0015] Figure 7 is a bottom perspective view of a cam that is employed as part of the

actuation mechanism of the preferred embodiment;



[0018] Figure 10 is a cross-sectional view taken al ong
line 10 - 10 of Figure 9; and [0019] Figure 11 is a
wo ab@2ahow ng an exanpl e of the flow rates thetT/wam0ba30135
selected wth various settings of an exenplary
enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF A PREFERRED EMBODI MENT [ 0020]
Referring to Fig. 1, an infusion system 100 is shown,
in which a flowrate regulating device 110 in
accordance with the present invention may be enpl oyed.
The i nfusion system 100 includes a fluid reservoir
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102 is typically pre-filled with a volunme of a
therapeutic liquid (e.g., a nedicinal agent), and is
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the regulating device 110 by an upstream |V line 112,

whi ch conprises several segnments of flexible tubing
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the outlet of the reservoir bag 102 wth the inlet of

a conventional fill valve 104. The fill valve 104
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108 with the inlet of the requlating device 110.
shown. The reservoir bag 102 is typically pre-filled with a volume of a therapeutic
liquid (e.g., a medicinal agent), and is of a known type that is advantageously
pressurized by a pump (not shown) that controllably applies a positive pressure to the
reservoir bag 102. The reservoir l;ag 102 is fluidly connected to the inlet of the
regulating device 110 by an upstream IV line 112, which comprises several segments
of flexible tubing cut to suitable lengths. A first segment 112a connects the outlet of
the reservoir bag 102 with the inlet of a conventional fill valve 104. The fill valve 104
allows additional doses of a therapeutic agent (which may be something other than
that with which the reservoir bag 102 is filled) to be administered as needed to'the

patient. A second segment 112b connects the outlet of the fill valve 104 with the



[0021] A downstream IV line 114 is connected to the
outlet of the regulating device 110, and term nates
WO nooa/op@l7e Luer fitting 116. The Luer fitting RABUS®O®H30135

a type to which an IV catheter or other device (not
shown) may be attached, as by a mating female Luer
fitting (not shown), for introduction into the

vascul ature of the patient. Wen not in use, an end
cap 118 may be installed on the male Luer fitting to
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discrete flow rate. The actuating nechani sm causes
t he novenent of one or nore bl ocking devices to
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be desired to prevent or deter unauthorized or unsupervised adjustments to the flow
rate delivered by the regulating device 110. Accordingly, an optional security cover
120 and/or a removable key 122 may be provided for the regulating device 110. A
lockable, tamper-resistant strap (not shown) can also be placed around the flow
regulating device 110 with the security cover 120 in place to provide further

impediments to unauthorized adjustments.

[0023] As will be described in more detail below, the flow regulating device 110
allows a medical practitioner, health care provider, or the patient himself/herself to

adjust the rate of flow of the contents of the reservoir bag 102 to the patient. The



di aneter and unequal |ength. Thus, a set of discrete
flowrates, fromzero to a specified upper Iimt, can
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limt can be selected, for exanple, on the basis of

the nost |ikely maxi mum dosage for the therapeutic

agent to be delivered. [0024] Figure 2 illustrates the
maj or conmponents of the flow regul ating device 110.
Specifically, the device includes an upper housing
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110 is installed. The flow control tube assenbly 300
i ncludes an outlet manifold 304 conprising an outl et
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Spec1ﬁda¢ny4 ﬂ@d@@m nmdade&m upgar bausisg haleXldaed @rﬂ@éveréwsmg half
204. MegeSa e lavwst DBTag 58 205 & Elpecnid TaEa am
oS3, S s AR g I

210 Witﬁre?ﬁﬁﬁﬁﬁ ty SPAGRDBIBEKING de@es, tvﬂﬁcﬁ' @Nﬂréqirtef@fed elp®odiment,

conhecti on ports 308, preferably
comprise three resilient cam follower fingers 212a, 212b 212c. A plurality of detent

ridges 214 radiate from a central aperture 216 in the cam follower plate 210. The

operation of the flow control mechanism will be described below.

[0025] Figures 3 and 4 illustrate a flow control tube assembly 300 that is installed in
the lower housing half 204 to provide a plurality of selectable fluid flow paths, each
having a predetermined flow rate, between the upstream IV line 112 and the
downstream IV line 114, between which the flow regulating device 110 is installed.
The flow control tube assembly 300 includes an outlet manifold 304 comprising an

outlet port 302 for fluid connection to the upstream end of the downstream 1V line



sol vent bond. The flow control tubes 310, 312, and 314

are preferably made of flexible extruded PVC [0026]
waeawh/oed37s he fl ow control tubes 310, 312, 314 POT/US2003/030135

particul ar range of flow rates has approximtely the

sanme inside dianeter. Specifically, tubes wth inside
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each of the flow control tubes 310, 312, 314 is

fluidly coupled to the downstream end of a
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lengths may respectively be 2 in. (51 mm), 4 in. (102 mm), and 8 in. (203 mm).

[0027] The upstream end of each of the flow control tubes 310, 312, 314 is fluidly
coupled to the downstream end of a corresponding occlusion tube 316, 318, 320,
respectively, the connections being preferably effected by solvent bonding to molded
PVC coupling elements 322. The occlusion tubes 316, 318, 320 are preferably of
substantially equal lengths and internal diameters. The occlusion tubes 316, 318, 320
are of a soft, flexible plastic material, preferably low shore hardness PVC, so that

they are resiliently compressible. Thus, the first flow control tube 310 and its



conduit. The upstream ends of the occlusion tubes 316,

318, 320 are each connected, preferably by solvent
whoenndiongs73t 0 one of three occlusion tube conneetT/082003/030135

ports 324 of an inlet manifold 326. The inlet

mani fol d 326 includes an inlet port 306 that is

adapted for fluid connection to the downstream end of

the upstream |V line 112. [0028] Figures 9 and 10

|IIustrate the inlet manifold 326 in detail. The
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t hrough which the inlet port 306 and the outlet port
plenum3ply $2%pectively, extend. As shown in Figure 2, 9 WO

2004/ 026373 PCT/ US2003/ 030135 t he upper housi ng hal f

202 has an upstream end wall 205 that nay be provided

[0029] Agg 359@2@%%%%2@ Tnfi%, tREtewEPHObEAg AR D0Rhnd ehe tippyr
housing half 202 are constructed so as to be fastened to each other to form a housing
that contains the internal components of the device. The fastening may be by any
suitable means, such as adhesive bonding or sonic welding. Alternatively, the upper
housing half 202 may be connected to the lower housing half 204 by means such as a
snap-together attachment mechanism (not shown), if it is desired to allow the upper
housing half 202 to be removable. The upper housing half 202 is provided with an
aperture 218 that is dimensioned and located so as to allow access to the cam rotor
206. When the housing halves 202, 204 are fastened to each other, the housing so
formed includes upstream and downstream ends having openings through which the

inlet port 306 and the outlet port 302, respectively, extend. As shown in Figure 2,



[0030] Referring to Figures 2 and 5, the | ower housing
half 204 is divided into a downstream portion and an
WO panesns portion by a lateral support 222. Thect/asmoabh3oi3s

support 222 is itself interrupted by an upstandi ng

det ent engagenent nenber 224, the purpose of which

wi |l be described below Three vertical slots 226 are
provided in the lateral support 222, each of which

recei ves one of the occlusion tubes 316, 318, 320.

the upp gl AP i B3Ubs O A Gl ASHLEARAL phgiled vt
a detentl 207 R¥lsetidng e bpgoaveeifiepsbendi 2l | 228 for the

attachnment of the above-nentioned security cover 120.
[0031] A spool 402 is located in the downstream
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e cam fol lower plate 210 (descri bed above{l
312, 314 are wrapped around the spool 402 and are retained by the spool cap 404, to

prevent kinking and stretching of the flow control tubes. A pair of opposed outlet
manifold retention tabs 410 is provided near the downstream end wall 228 of the
lower housing half 204, thereby defining a space between the retention tabs 410 and
the downstream end wall 228 for holding the outlet manifold 304.

[0032] The upstream portion of the lower housing half 204 is provided with three
guide channels 412, each of which is aligned with one of the slots 226 in the lateral
support 222, and each of which is configured to hold one of the occlusion tubes 316,

318, 320 in position for selective occlusion by the flow control mechanism, as will be
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is attached. [0033] The | ower housing half 204 has an
upstreamend wall 234. Optionally, an apertured
wo 2aotiong37236 may be provi ded on the upstream endrwsto3/030135

234 for the attachnent of a tie wap or cable wap

(not shown) that can be attached once the optiona
security cover 120 is in place. A pair of opposed

inlet manifold retention tabs 416 is provided in the
upstream portion of the | ower housing half 204 near

: 4 i ;
describe Elotth CHEPPLEMCaIE In dupeetgin] PoriGh o RO 1w EPRGGsing half
204 is ah aBautkkddesta @l 4 fowitieh thd €imfelibivet glaid®@10[(deseibed above)

The annul ar pedestal 414 includes a vertical alignnent
is attacheldot 418 in its outer periphery, and a central

aperture or recess 420. As best shown in Figure 2, the

central aperture 216 of the camfollower plate 210 is

. : _ . Cai ot h
10053 TR R HE 2P A b R 23 AR, an
aperturé?ﬁfgﬁ_{r@ 23GRRHBE Bradfife@bntthe 1gRtfehR] éndwFalP2 3 €ordhe,

and it is dinmensioned to be réceived in the alignnent
attachmehobf 41 wiap be cabldestayl (bt 4howing thaycasberttaghedence the

) roper circunferential alignhnment of%fihe cam f ol | ower .,
optionapsegusity cover 120 issylace & pais ob sppesed mlgy manjjold retgation

tabs 41(? %{Eff &ge%fm rt&‘%lr@s%rf%tgpbél% SP %%V@égg%&fsglg% }1?)&" F Near the
upstrea@]%%{& {aNes54 heERS Qfegﬁsltih?\;\% lﬁféf}hé@bé’t’%vée%b@é Wreadd 8nd wall 234

respedtivel be descri bed bel ow.

and theAtteaioattabehy 6 fohheldihp ghenitt nmnifodd 3@60ovi ded by
havi ng a pedestal with a non-circular outer periphery
and a camfollower plate wwth a mating non-circul ar

005 b ORGSO g
prphetf ] PR A o0 oy BOEEMARR (70,00 e
central Ap&ture 216 of the cam follower plate 210 is dimensioned to fit around the
outside of the annular pedestal 414. A key or tab 422 extends into the central
aperture 216 of the cam follower plate 210, and it is dimensioned to be received in
the alignment slot 418 of the pedestal 414, thereby assuring the proper
circumferential alignment of the cam follower plate 210 with respect to the pedestal
414. When the cam follower plate 210 is properly aligned, the cam follower fingers
212a, 212b, 212c are properly positioned to engage the occlusion tubes 316, 318, 320,
respectively, as will be described below. Alternatively, this alignment can be
provided by having a pedestal with a non-circular outer periphery and a cam follower

plate with a mating non-circular aperture.
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camrotor 206 has a central retaining post 504
depending fromits |ower surface that fits into the
WO edoanti3on col |l ar 502. The retaining post 504 PeT/Sp008/030135
so that it fits with a snap fit into the retention
collar 502, and it is frictionally held in place with
respect to the collar 502, so that the camrotor 206
and the collar 502 rotate together within the
aperture 420, while the camrotor 206 is restrained
S V. ; @bl -
100351 A3 SRR 13 il G hulay RASRtoRRBIEE 0B g InANE kiifn the
central ageetured20aifahe 20ppost pedistd 414k R eferrirgg to Bidwaes Mgind 8, the
peri pheral edge wth a plurality of vertical (axial)
cam rot@ueii@g hagasensal pefairtingmest Sod dependingdiemeits lpswer surface that

s oo AL TG S0 B el SR oA s wi o
. tti . . .
s i L FREHLBH A1 AP ShAIEs PRy 016 BRSHhspect

the colld¥822bbehaf BRI Carwietor20esnd etk Edltwy 302 fothte ®gettdradithin the
The Iower surface of the camrotor 206 is provided

aperturad2(y vehilt theacamyroddr 2@orisedestraimed fpazayerpic2bmovenmnt.
respectively forned as arcuate ridges located in three
concentric annul ar bands 244a, 244b, 244c around the

oo SRS R G o L RAR g
The cang gﬁfgr%ti@ RASisEPRE %ﬁ'u@?th%'l%tfvhgg IPS?I h%fél-ed-é'é%iﬂlcﬂtgblﬁrality of

244b includes a pair I cal |l y-‘oppose

vertical &xdabtdetertagroeles 208 fodebintedt At pradiefinetd ngrcumferential
) ap%r oximately 90 of arc. The radial]y outernost band
intervalp4dheideseniazrooven 208 detine sowaionsl pasitions thatrepresent pre-

e e R A SR ML ok b
224 to @Qﬁiﬁie%ﬁ@ﬁ?l@%&" WIS d@girfdaﬂgvﬂfat& esdianes, gg’fe""lower

romthe center o the camrotor 2

surface 6PtheecInretor 206 Reprdvidainwahfd plurhliey cftdmrel@hehtye242an242D,
rotor 206 of one of the camfollower fingers 212a,

242c, regpetsivedy farmerhas arcasite hidgeslacatadoin thyee cengentyip annular bands
244a, 2 4%96/4913 %:rggg,ng gcﬂé Lcjé'cﬁt%? ec’)/f%?g clze%r% rotor 206. The radially innermost

band 244a includes a single arcuate cam element 242a that subtends approximately

180° of arc. The middle band 244b includes a pair of diametrically-opposed arcuate
cam elements 242b, each subtending approximately 90° of arc. The radially
outermost band 244c includes four arcuate cam elements 242c¢ equidistantly spaced
around the circumference of the band 244c, and each subtending approximately 45°
of arc. The radial distance of each of the bands 244a, 244b, 244c from the center of
the cam rotor 206 corresponds to the distance from the center of the cam rotor 206 of

one of the cam follower fingers 212a, 212b, 212c. Thus, as the cam rotor 206 is
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rotated, the innernost cam el enent 242a presses

against the camfollower forger 212a, urging it
walovmmaasds y. Similarly, the m ddl e cam el enent BCRAR03/030135

press against the camfollower finger 212b, and the

out ernost cam el ements 242c press against the cam

follower finger 212c, urging these camfoll ower

fingers downwardly when they are so engaged by their

associ ated cam el enents. Wen the camfollower fingers

rotated, g]irlcgirfg{,??rgfo%? ﬁg&“@‘éﬁgeg@gél% \H%&SE% %Qgiﬁlgﬁﬂﬁ]%n%ﬂbwer finger

A19¢ Ginfiprthehd niddloiah efements2idbnpress against
2122, wigEPH BOWIL g%ﬁshult i rﬁg}hoff flow through that tube, .
the camdbllowenSingbr 0l g, arbtlid ovtecmosutamelements 2Pq press against the

oo e sl Ut e e sosect et L vhen ey
are SO eAgATE !%%1 deS;f gﬁc%éﬁggﬁl %l'gﬂrl%ﬁgs e tﬁéﬂ@arﬁ' BYB%wek Fingers are

or'i gi nal “position, out

fm?w&x‘mg 'b?lslfll' WErsBPERERIEh clérhbnist heéssamieat edwn upon and
forced dg)cc usion "t ulee, Stgﬁer eby opening_ tsﬁe occlusion t ubept 0
thus cofabfWsivebidladesheieiassamatet muchmion tibes; therebyshuttingoff flow

opening the flow conduit conprising that, .occtthgsi 0

throught thiae tubrey andsthusgbeeugh the Howwongwit ermprs@e thepsrfuded
.th | nbodi t t t '
occsi TEAGAT s ksSSP GH TSRS, R, 1 SBMER 0 80 et o

of its asé&g%fei&ig%t‘}}ﬁ{’ﬁé}%%% Zigl ?)Id allbRVihéhifget pfestdashtles ring3back to its

ow control "tubes 310, 312, 314

originalosiiéh e5@néf 4 epgigiessivnehgdgemerttiwitk isiastecietad ¢¢adusion
rates), as described above. An exenplary table_of

tube, thesdbyoopeling the vedessionsabel tolava feanritsrasgoeifeb dpyneontrol
device is _shown in Fi J11. Thus, i,n.the,speci fi .

tube, angk s epesringabe floav spadyig ShmTising Bt sl gloR t%‘{’eg?;?% &8

.aflowrate.qf.4 m/hr, the internediate Iength flow
associa ?‘&C%“ﬁﬁﬁﬁ%w des a flowrate of 2 m/hr, and the
| ongest flow control tube provides a flowrate of 1
m/hr. Aflowrate of zero is provided bg rotating .
[0037] Immecamm?lhoy eAfifodimeno showay the camstreter 2Q6 15 propidedhwith
every occlusion tube is _clgsed b

y the ressio f
eight detent granyes 208d r@&%%m%ib@relghwf&esﬁieqtﬁg ?5&( ’fai‘é%ﬂ&??‘ can be
provides(f %tlt% t%ree flow control tubes 310, 312, 314 of different lengths (and thus
three different flow rates), as described above. An exemplary table of selectable,

predefined flow rates for a three-tube device is shown in Fig. 11. Thus, in the specific
example shown, the shortest flow control tube provides a flow rate of 4 ml/hr, the
intermediate length flow control tube provides a flow rate of 2 ml/hr, and the longest
flow control tube provides a flow rate of 1 mi/hr. A flow rate of zero is provided by
rotating the cam rotor 206 to position or “state” 1, in which every occlusion tube is

closed by the depression of its associated cam follower finger. In position or state 2
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13 WD 2004/ 026373 PCT/ US2003/ 030135 of the camrotor
206, the occlusion tubes associated with the two

wo oovgee63fis ow control tubes are bl ocked by t hepPCT/US2003/030135
depression of their associated camfollower fingers by
the associated camelenents. The resultant flow rate
through the device is thus 1 mi/hr. In simlar
fashion, the total flow rate through the device can be
further incremented from2 m/hr to 7 m/hr by

of the ce[o;ﬂtr@%drrlﬁb6%1 bcge %%Eiurs?chf t?e?%s&fblétteﬁ WhAIthE 7% 18 géf g&%scontrol

respec n position or sta

tubes ar8 iscket B}f‘ﬁleo&@ﬂx‘é%@ﬂ of *ﬂb@ﬁ aksocidted kaeh fdllowaefia %érs &y the

of the camelenents and their associ ated cam fol I ower
associatedgenselententebTheaieswintfldw gare: througih the Hevice ihthus bml/hr.

T e
from 2 tﬁf‘éﬁg@ grﬁ/ hr ?ﬁ 65 4\%]1{@6‘41{ F u bestt%%tsgﬁﬁ%heﬁk de States 3

th:roughaﬂj |fi|3$15%‘@£tf‘v@lyt hIh pesitibaay s%ét@% Plonelt the Q¥R @lhbes is blocked
Shoul d a greater nber of increnental flow

by the acabnss)f ke dam clethdnds anéd mhele rasscamatet foa nmrbodl onsray ﬁngem thereby
than three flow control tubes and associ ate usi on

allowing flpasthranghealbebihedber rafe ¢onfroldyhanistaling mle‘?léase

in the nunber of cam el enents and cam f ol | ower
fingers. [0039] After the actuati on mechani sm

[0038] ?H@ﬂ&@' 3% Hr’]lggec #fe%é%ﬁcez&ﬁl bé Aetdptiabd ée@efzﬂ agameters,

ower housi 204, the upper housin

spec1ﬂcaildsf ,ahbdehgdths bhd ihsiderdibmesers of thatlbw2Odntrel ’glbes ba/nd the
hesi ve bondi ng or sonic wel ding. As best shown in

pressuremgplml ta the upsspram sigder eiche gfow n@na@ﬁrmhﬁs@ rShxpgdjasgreater
i
than th%ggﬁﬂ% Qgﬁ%f% dgfsgma‘%d BcADSioN tuRS Bak BE ]ﬂg@kﬁed with a

|nen3|one ocated SO as to recelve
commeRAFE intedisednatie Kﬁﬁnﬁe&?of dae eRipyerdts lagid ¢2gn tfbBowentingers.

rotor 206 to be rotated to a different position only

when the key 122 is properly inserted into the slot(s)
[0039] Af5ter the actuagon mechanism, including the cam rotor 206, is installed in the
lower housing half 204, the upper housing half 202 is attached to the lower housing
half 204, e.g., by adhesive bonding or sonic welding. As best shown in Fig. 6, the
upper surface of the cam rotor 206 is exposed through the aperture 218 in the upper
housing half 202. The upper surface of the cam rotor 206 is advantageously provided
with one or more key slots 250, dimensioned and located so as to receive the above-
mentioned key 122, thereby allowing the cam rotor 206 to be rotated to a different
position only when the key 122 is properly inserted into the slot(s) 250. The upper

surface of the cam rotor 206 is provided with appropriate indicia to indicate the
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surface of the camrotor 206 is provided with
appropriate indicia to indicate the 14 WO 2004/ 026373
wED 0523003/ 030135 discrete flow rates that mapcbhes2003/030135
sel ected by rotation of the camrotor 206 to its
several predefined rotational positions. The flow
rate indicia my be provided by an annul ar decal 252,
for exanple, or by directly marking the surface of the
camrotor 206. The upper surface of the upper housing
. t . A r.
discrete BBt e Ry B R o R G 206 (81t several

predefind@gatatitithl pogiticih, CEhe floki eite dddiciahmalyl bevproaide] bpan annular
been sel ected. [0040] Wile a preferred enbodi ment has
decal 25B¢far exegepleped byatitacily marking thesurfagmetdiestasn rof206. The

apper s SRS e WSO Ll S ST 2k M o
or e EOBERL JHIBTELVER LOVARRSS, o) b8, Plicohic of

the flow s sk cabsteste§t hers may include such features as
the nunber, arrangenent, and configuration of the cam

el enents and the cam foll ower el enents, the detent

o B Uk e B i
aporeci g e O A SR crePAgRy S b

numberﬁggr‘é!rﬂti%?ls %?faisfng)glﬁﬁ t}’éﬂdsméﬂll %J%?&Pﬂ}fe!rﬁseﬁt% t5afBse Stilled in the

i nventi on, efine e clains that foll ow
art. Sorh® 0fAEh &R0ModZBE B IRGIH IERAR 30RERd35beaHAEntiBned Albide®. Others

IS: 1. A device for selectively regulatjng the flow
may incledesush featyigs @s the mpmbarngtrangemensiang corfigupHgnaaf the cam
elementis rzyn tth"é1 Q:%n? ?o]fou\}&rlere él;ements, the detent mechanism, and even the
provision of alternative mechanisms for selectively blocking flow through one or
more of the flow control tubes. These and other modifications, variations, and other
equivalents should be considered within the spirit and scope of the invention, as

defined in the claims that follow.
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a plurality of flow conduits fluidly connected between

the inlet and the outlet, the flow conduits being of
wandmanaasts al | y equal inside dianeters, each of pehesicko®vso13s

conduits having a length representative of a different

pre-defined flowrate; and a flow rate sel ection

mechani sm operatively nounted in the housing, for

sel ectively obstructing fluid flow through the flow

conduits, thereby to provide a flow rate fromthe

WHA ral utlet corresponding to the conbined flow
Tlrlgt(g%Ag?A%:%:Is)'unobstruct ed flow conduits. 2. The

1 dev deegiceffofbelkttively whailaiing the fibkovute af @ felde conmprising:
mechani sm conprises: a flow bl ocki ng el ement
a yomistg inelydingsocindetendwn Budgth of the fl ow conduits,

each_fl ow bl ocki ng. el.engnt bein el ectively .operabl e
a i 07 AR GoRAgys HRIGY gﬂnpﬁgt%d Gutudinanty ?’?e outlet,
a -yat | . g
e o 00 B HESPTREARN, ST EPRLEE asicengeasrat o
conduit@h@Vitead 1engtlreprieserttative od apiffeidne peedefiakd flow raegand
which™it operatively engages one or nore of the
afflowrileseleatipremenkanism, operatively mountedringha howeirtg, dor
conduit associ ated

i th each of the . .
selectivelp @bstrugang m@m%%\gﬁa@pg&w ﬁagépgﬁeth@&byaﬁ%mw ide a flow

0 RPOSI t i of ich it '
rate froBe BReG o Bie SrFbc artetnanfts B HELInBNRatasy ate e
unobstrhbehsidv saalaudk. the flow conduits includes a
resiliently conpressible occlusion tube, and wherein
each of the flow blocking 16 WO 2004/026373
PCT/ US2003/ 030135 el enents conprises a resilient .
2¢Eredevicaaf CGlaimdy avheseiniths Hon rate sedgction anism

. bl ocki ng conpression against its associ ated occl usion
comprifCpe.

a flow-blocking element operatively associated with each of the flow conduits,
each flow-blocking element being selectively operable to block fluid flow through its
associated conduit; and

an actuation mechanism operatively engageable with each of the flow-blocking
elements and movable among a plurality of pre-defined positions in all but one of
which it operatively engages one or more of the flow-blocking elements to block flow
through the flow conduit associated with each of the operatively-engaged flow-
blocking elements, and in one position of which it operatively engages none of the

flow-blocking elements.

3. The device of Claim 2, wherein each of the flow conduits includes a

resiliently compressible occlusion tube, and wherein each of the flow-blocking
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4. The device of Caim3, wherein the actuation
mechani sm conprises a plurality of cam el enents, each
wobooalrashs i s positioned operatively to nove oneCTiUS1008030135
resilient elenments into a fl ow bl ocking conpression
agai nst its associated occlusion tube. 5. The device
of Caim4, wherein each of the resilient elenents
conprises a resilient camfollower finger |ocated so
as to be operatively urged into a conpressive
element$ &9&%‘?&@ ) r@é@i&@&@nﬁ%“m W 19 ?%&*bgdlé’ MnfoUiRE oﬁf‘ 8p atﬂﬂﬁzv
ower ftirnger 1's engage cam el ement. 6.

blockinglten@fassien afaibbtaitamadsociased b&lummwbel ng: a camr ot or
rotatably mounted in the housing and having the cam

elenents dlsposed thereon in p03|t|ons i n which each

4T RS ROE SHTLP) BETeiR g ar i weCiaa fompgiscs a
plurality’ @{ caattﬁ%ierﬁe {Ehs YEGmid is %@1’&6 ed WE@fa?iv‘%y &?rr&ﬁf@ one of the

I'S ro e anong a ura

resilient I@k&hém@ﬁﬁto ﬁm%iodﬁﬁhg Boirprékieie agam@t ik hbsdtlated occlusion
predefined fluid flow rate. 8. The device of Caimb5,

tube. wherein the device conprises at |least first, second,
and third camfollower fingers, and wherein the cam
rotor includes at least a first cam el enent

S Rl

t "t
reSﬂlent%ﬁ?USZOOSI i 1chfediddeasSeaandp &@Bi‘ve%r I\é@dziﬁ%é(%%ﬁ%?r%sswe

135fo||ovver finger a plurality of

. engagenidntrwithamesdftherdclesiga getzds| whem tlye vamfollosverifingtr isemgaged
foll ower finger. 9. The device of Claim8, wherein the

by a camiclasperfam el enent is an arcuate cam el enent
subt endi ng approxi mately 180 degrees of arc and
| ocated at a first radial

6. The device of Claim 5, further comprising:
a cam rotor rotatably mounted in the housing and having the cam elements
disposed thereon in positions in which each of the cam elements may operatively

engage an associated cam follower finger as the cam rotor is rotated.

7. The device of Claim 6, wherein the cam rotor is rotatable among a plurality

of rotary positions, each of which is associated with a predefined fluid flow rate.

8. The device of Claim 5, wherein the device comprises at least first, second,
and third cam follower fingers, and wherein the cam rotor includes at least a first
cam element engageable only with the first cam follower finger, a pair of

diametrically-opposed second cam elements engageable only with the second cam
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di stance fromthe center of the rotor, wherein each of
the pair of second cam elenents is an arcuate cam
webk@awnd37subt endi ng approxi mately 90 degrees oPCHIUS20a8/030135
is |located at a second radial distance fromthe center
of the rotor, wherein each of the plurality of third
camelenents is an arcuate cam el enent subt endi ng
approximately 45 degrees of arc and is |ocated at a
third radial distance fromthe center of the rotor,

[ ol . ial.1 4 ' :
follower e Ab G LpiuRity, dhireEe el ah hERERbEE Ty, 9 HiGthicd
cam folloSve@ginaRen the first and third radial distances. 10.

The device of Aaim9, wherein the plurality of third
cam el enents conprises four equidistantly-spaced

i</ Yif L GLEER BoParer P A SsCHR Terar Bgalafpate Chm

ctement 8558 DRy EOTRFERLTE) of NPRRMLF S04 Fi
distanc@f??n?fﬁé &ntePBtR (hOMWiedeléddiiofigid sr bavédtthdtam
inlet fluidly coupled to the outlet of the reservoir

clementaiglanarcuste eancelemend subtending/apprakiinately¥; éegreehef arc and
fl owregul ati

ng device co ises: aplurality,of flo
is locatedofcruFecond Tadi hlisigne Sism the Esilin Of B o WharmineAEn of the

o5t it AT FLoBARBR i

45 degréis®Eireahd ﬁ%&t?& g& Bgih;ﬂd%d?ﬂ Resthhee Rdyh fige BchteR&f fhe rotor,

representative o ferent pre- defined flow rate;
and whemih ehd fiesyradiat disthecd isdessnthahahe shirfl aad mé ldestanees land the

obstructing fluid flowt hrough_ the flow conduits,
second radiakdigtanses betweenathe st pad dhird gadial distances.

10. The device of Claim 9, wherein the plurality of third cam elements

comprises four equidistantly-spaced third arcuate cam elements.

11. An infusion system for delivering selectable flow rates of a therapeutic
liquid to a patient, comprising:

a pressurized fluid reservoir containing a volume of the liquid and having an
outlet; and

a flow-regulating device having an inlet fluidly coupled to the outlet of the
reservoir and an outlet coupled to an IV conduit;

wherein the flow-regulating device comprises:

a plurality of flow conduits fluidly connected between the inlet
and the outlet, the flow conduits being of substantially equal inside
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inlet to the outlet corresponding to the conbined fl ow
rates of the unobstructed flow conduits. 12. The

wo nduseens system of Claim 11, further conpri sipgr/asioos/b3o13s
valve fluidly coupled between the outlet of the
reservoir and the inlet of the flowregul ati ng devi ce.
13. The infusion systemof Caim1ll, wherein in the
reservoir is pressurized by a punp applying a
controll able pressure to the reservoir. 14. The

| nf uamﬁe@@, te5th gff the oW ddndyieengidgld Rngth representatixvae ofa

flowregul ating device conprises: a plurality of flo

conddiffeeht pieddgfined flest iatg; af@ i nl et and the outl et
of the flowregulating device, the conduits being of )
subst ant i alflow safigselaaiony mgrhanismefasrselecsivgly ebstryeng fluid

o kTP R B B AT BABA T S o
act ulgre A @R PopfLar] (it RRPRRITO tales St e
none yabbthecttd Fww eoaduits, and (b) one or nore of the
conduits. 15. The infusion systemof Caim 14, wherein

the flow rate selection mechanismconprises: a
bl ocki ng el ene associ at ed

1+ *Mheaintioancnisan 04 CIARS 13, Resthiiodapasms  fll vatve Atifity

conte TR SBR ORB E R P R BeCEFBEa lpin devie

bl ock flow through the flow conduit associated with
each actuated flow bl ocking element. 16. The infusion
18y sTlerirdffisiChasystetd of Eeimi I, edudreinf int the reseworan guesssrized

by a pump applying a controllable pressure to the reservoit.

14. The infusion system of Claim 11, wherein the flow-regulating device
comprises:

a plurality of flow conduits fluidly connecting the inlet and the outlet of the
flow-regulating device, the conduits being of substantially equal internal diameter,
each of the conduits having a particular length that determines a pre-defined flow
rate of the liquid through the device; and

a flow rate selection mechanism that is actuable to selectively block liquid flow

through (a) none of the flow conduits, and (b) one or more of the conduits.
15. The infusion system of Claim 14, wherein the flow rate selection

mechanism comprises:

a flow-blocking element operatively associated with each of the flow conduits;
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includes a resiliently conpressible occlusion tube,
and wherein each of the flow blocking el enents
WO p@Hoeks33 a resilient el ement that is novabl e PgT/UR®03/030135
actuation nechanisminto a flow bl ocking conpression
agai nst its associated occlusion tube. 17. The
i nfusi on system of C aim 16, wherein the actuation
mechani sm conprises a plurality of camelenents, each
of which is positioned operatively to nove one of the
and resilient elements into a flow bl ocking conpression
against its associated occlusion tube. 18. The
ah AbHEIHM Bieehemsel tidiaklactivelyvdreneien tihaflbwobldcking elements to
resilient elements conprises a resilient camfollower
block fldwrthmughothet fheiwswnasiit asspeiatebwat cashyagipated flowdlacking
conpressi ve engagenent with one of the occlusion tubes
elementwhen the cam fol | ower finger is engaged by a cam
el ement. 19. The infusion systemof C aim 18, wherein
the flow regulating device further conprises a

189 %éﬁ&ﬁﬁsqaﬁ iy 8iefd of ainh ¥, GdRetihteachrdf thodlosmeonduits
| ower fingers, the hou5|tr{g) havi ng one end

includes md:snlderrtgr tdmeﬂpdmm‘tde acn]usto eannd ivehergini cagh @fl;hﬁ flgw
t he device outI et ere| the act :i\ on, mec ism
blocking glements sapdeseses @@BF %tléf%‘ﬂ% ¢ by thpacuiaton
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positions in which each of the cam el enents may
operatively engage an associ ated cam follower for ger
13s Theinfasionatystenh f Claah dé, wiereifitheiactuatiom

of Caim19, wherein the camrotor is rotataple

comprises pl pluw,lityyof@m cleamcsntpo@aqh Ay hich-is pasitins ﬂpq:rgtwe@gto

assqci ate r edef i.d flow.r
move one 0? the res 1ent eli]eme ts mfo ar%fow-bfloclfqng compre?su?n against its

associated occlusion tube.

18. The infusion system of Claim 17, wherein each of the resilient elements
comprises a resilient cam follower finger located so as to be operatively urged into a
compressive engagement with one of the occlusion tubes when the cam follower

finger is engaged by a cam element.

19. The infusion system of Claim 18, wherein the flow regulating device
further comprises a housing containing the flow conduits and the cam follower
fingers, the housing having one end including the device inlet and another end
including the device outlet; and

wherein the actuation mechanism further comprises a cam rotor rotatably
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21. The infusion systemof C aim 18, wherein the
devi ce conprises at least first, second, and third
wae amfoodszower forgers, and wherein the cam r ot BET/US2003/030135

includes at least a first cam el enent engageabl e only
with the first camfollower forger, a pair of

di anetrical | y- opposed second cam el enents engageabl e
only with the second cam follower finger, and a

plurality of third cam el enents engageable only with

ot ok ST PRt bt ttcaniapstions

i i R ALAENR iy engpge an iassnchted kam
mWhldgg%cr}gggﬂg‘&gﬁc and | oca?ggkat a Ylfi rst radi al di stance
follower figgertddahe eaterotol is hetatest. or, wherein each of the pair

of second camelenents is an arcuate cam el enent
subt endi ng approxi mately 90 degrees of arc and is

| ogated at. a se i aligdi raAm e riendtatabié
ZPhEIaYFdPSH‘S}OW@Féﬁ%gQ%M&P ’ tﬁh{g?ép}ﬁﬁcpglcla% of third cam
' ' AR, 626R 6f Rt issasbbeintidwith a predefine
among%@%ﬁhﬁgfg?‘?%gb%gr ees of arc and is located at a
fluid fldWtdte, radial distance fromthe center of the rotor,
and wherein the first radial distance is |less than the
third radial distance, and the second radi al distance

i s between the first. and th ' B ; t
2o E@@@Q@WS@/@Q@%/ ]3{’. &% Q]ggﬁ{el%%h?%; us |i olr?eg dt leas
syst em of .0 i e, L@ Whetedh ichy caf tdtbr ihatades at
first, Se%%%‘ir@?ﬂﬁ%“@%ﬂ%@%%& ﬁ’&ﬁgt‘gnt ly- spag ed third ,
least a ﬁsg\l;'vﬁglfeléﬁi@n@ bﬁgEgéeﬂ:ﬂe 2Aly withethiedirst camrfoflover ifinger raepair of

a liqui om a pressurized source,.
diametdeatty-opposed secondsiamy eleaeenig engageable ogiwwaﬂl the qegppd cam

followanginsencinid ozl adsirg agim eldnichel eRYASEARI Sy With' e third

cam follower finger.

22. The infusion system of Claim 21, wherein the first cam element is an
arcuate cam element subtending approximately 180 degrees of arc and located at a
first radial distance from the center of the rotor, wherein each of the pair of second
cam elements is an arcuate cam element subtending approximately 90 degrees of arc
and is located at a second radial distance from the center of the rotor, wherein each
of the plurality of third cam elements is an arcuate cam element subtending
approximately 45 degrees of arc and is located at a third radial distance from the
center of the rotor, and wherein the first radial distance is less than the third radial
distance, and the second radial distance is between the first and third radial

distances.
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the inlet and the outlet, each of the flow conduits
conprising a flow control tube and a resiliently
W@ eompnes3s ve occl usi on tube, wherein the flow BONUSZING/030135

tubes are of substantially equal internal dianeter,

the first flow control tube having a first |length

associated with a first pre-defined flow rate, the

second flow control tube having a second |ength

associated wwth a second pre-defined flow rate, and

the third flow control tube having a third |l ength

associated with a third pre-defined flow rate; a

2&sTheanfudibnwysteac bf Qaiat 2DEpwherginrthe phelalitpof deirdcath

with each of the  occlusion tubes and novable into a
clemernyts gurprisex fony ewHgistarilnapagsd thind arcyateseanicleragnts.

occl usi on tube; and an actuation nmechanismin the

housing that is operable (a) to selectively engage

d d '

A RGP B Rl Ble A0 Of SHIBIPENTS fe SR source,
compridffoci at ed occl usion tube, and (b) to selectively be

di sengaged from any of the flow bl ocking el ements. 25.

Theugmg haviog an inleh vl anvostlet;n t he actuati on
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e i, B PO My 08B e
a resﬂig’loﬁl'% bSa84s0defusPnaudk, Wherdih eMe BoXE kbRGoRHAB LS of

| ock flow through the occlusion tube associated

substamtidlly eqedl infernhbdmmeetat,ithe fystefhomgedtfdl cubd havkign first length
elements,_ and in one _position of which it operatively

associaded AgHs 2 Anepisrdefired flow 19fo dhe secandewt eontpel tupgdaving a
second ehFo 8o if OSSR PSRBT DHALISE AR IR o
cotol SLROEL A I KOLEult B IR v oy e

agadilisit flow-bleskigigadlethent opersitisly associated with each of the
occlusion tubes and movable into a flow-blocking compression against its associated
occlusion tube; and |

an actuation mechanism in the housing that is operable (a) to selectively
engage and move one or more of the flow-blocking elements into the flow-blocking
compression against its associated occlusion tube, and (b) to selectively be

disengaged from any of the flow-blocking elements.
25. The device of Claim 24, wherein the actuation mechanism is operatively
engageable with each of the flow-blocking elements and is movable among a

plurality of pre-defined positions in all but one of which it operatively engages one or
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tube. 27. The device of C aim 26, wherein each of the
resilient elenents conprises a resilient camfoll ower
wo evog@ee3rocat ed so as to be operatively urged PEOT/OSH03/030135
conpressive engagenent with one of the occlusion
tubes when the camfollower finger is engaged by a
cam el enent. 28. The device of Caim 27, further
conprising: a camrotor rotatably nounted in the
housi ng and having the cam el enents di sposed thereon
i f
more of uPAB RERirg Ehichfls RPGIRR Hichl A AR CR i g tube
associagsl whth e 6Ot opcratiotigtedgaged flowblatking ele@fflerﬁih 2amd in one
28, wherein the camrotor is rotatable anong
positiop |aﬁrvd1uchyt operastvely cngages nons oféhe tﬁlom-bmlmg clﬁments
associated with a predefined fluid flow rate. 30. The
device of Claim27, wherein the device conprises at

I€agh fder\ﬁée ?%éf‘eﬁﬁf'?el hreid| 't]]rl Etﬁg’tﬁ)ﬁ' &Qﬁnlgﬂg%%nses a

and erei cam ot or inc

plurality BRa92 @fe?ﬁeﬁl@'r éé@?@@%@cﬁpib%sﬁﬂl@ﬁéd @?@ﬂa@iv@ﬁﬁm move one of the
éngageabl e onlﬁé with the first camfollower finger, a

resilienp alemerxits idtca: v-bidkjyng ppipeesssur againskits essociicd occlusion
engageable only with the second cam follower finger,

tube. and a plurality of third cam el enents engageabl e only
with the third camfollower finger. 31. The device of
Cl aim 30, wherein the first camelenent is an arcuate

SAMThel RAEA oSCRIANI6 NEhaRi eXEHTBF ehe/ re%ﬁibrﬂ%@érﬁ@ﬁts%‘ompnses a
arc and located at a first radial distance fromthe

resilient eatrefollfweh@ngartlocatediserasito eaoperafivelyeungad intd a compressive
second cam e|lenents i s an arcuate cam €] ﬁmsnt

engagesnast svidh mgeqfthe acetision, tues eligr the eamdposieg finger is engaged

by a cam element.

28. The device of Claim 27, further comprising:
a cam rotor rotatably mounted in the housing and having the cam elements
disposed thereon in positions in which each of the cam elements may operatively

engage an associated cam follower finger as the cam rotor is rotated.

29. The device of Claim 28, wherein the cam rotor is rotatable among a
plurality of rotary positions, each of which is associated with a predefined fluid flow

rate.

30. The device of Claim 27, wherein the device comprises at least first,

second, and third cam follower fingers, and wherein the cam rotor includes at least a
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is |located at -a second radial distance fromthe
center of the rotor, wherein each of the plurality of

wo bid@263an el enents is an arcuate cam el enent PCT/US2003/030135
subt endi ng approximately 45 degrees of arc and is
|ocated at a third radial distance fromthe center of
the rotor, and wherein the first radial distance is
| ess than the third radi al di stance, and the second
radi al distance is between the first and third radia

i I f 1 i .
s cof] SRR SngiaTb Sl ok Sl gkt o
diameteigailgioppastd yecrat edinteiérhenareigapeatsiamnty evigntise sénd cam
follower finger, and a plurality of third cam elements engageable only with the third

cam follower finger.

31. The device of Claim 30, wherein the first cam element is an arcuate cam
element subtending approximately 180 degrees of arc and located at a first radial
distance from the center of the rotor, wherein each of the pair of second cam
elements is an arcuate cam element subtending approximately 90 degrees of arc and
is located at a second radial distance from the center of the rotor, wherein each of the
plurality of third cam elements is an arcuate cam element subtending approximately
45 degrees of arc and is located at a third radial distance from the center of the rotor,
and wherein the first radial distance is less than the third radial distance, and the

second radial distance is between the first and third radial distances.

32. The device of Claim 31, wherein the plurality of third cam elements

comprises four equidistantly-spaced third arcuate cam elements.

24



