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| BACKGROUND OF THE INVENTION
[0002] The present invention relates generally to devices for regulating the flow of
intravenous fluids. More specifically, it relates to devices that pérmit the selection of

any of a plurality of discrete flow rates for the continuous infusion of Intravenous

liguids,

[0003} In the medical field, therapeutic or medicinal liquids are often administered
toa 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] Tt is sometimes necessary to control the flow rate at which the liquid is
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particularly when the liquid is to be adm ni stered
cort i'nootrsty over an extended period of tinme. Thedhsmsois
rate may be varied depending on, for exanple, the '
speci fic nmedical treatnent, type of nedicinal or
t herapeutic agent, or the specific needs of a
particul ar patient. Indeed, a specific patient's need
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- differandwomalimations 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
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addi tion, such a device should be easy and i nexpensive
to manufacture, so that it nay be econom cally nade
as a disposable item while providing a high degree
of reliability in use. SUVMARY OF THE | NVENTI ON
[ 0006a] In accordance with a first aspect of the
present invention, there is provided a device for
sel ectively regulating the flow rate of a fluid,
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the combined flow rates of the unobstructed flow conduits, wherein the flow rate
selection mechanism comprises: a flow-blocking element operatively associated with
each of the occlusion tubes, each flow-blocking element being selectively operable to
block fluid flow through its associated occlusion tube, wherein each of the flow-

- blocking elements cbmprises a resilient element that is movable into and out of a
flow-blocking compression against its associated occlusion tube; 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 occlusion tube 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, wherein the actuation mechanism comprises a plurality of cam

- elements, each of which is positioned operatively to move one of the resilient




operatively engages one or nore of the flow bl ockjsngarch 2007
el ements to block flow through the occlusion tube
associated with each of the operativel y-engaged

fl ow bl ocking elenments, and in one position of which

it operatively engages none of the flow bl ocking

el enrents, wherein the actuati on nechani sm conprises a
plurality of cam elenments, each of which is
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[0007a] In accordance with a second aspect of the invention, there is provided
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, the reservoir being pressurized by 2 pump applying a
- controllable pressure to the reservoir; 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 comnected between the inlet and the outlet, the flow conduits
‘being of substantially equal inside diameters, each of the flow conduits having a

- length representative of a different pre-defined flow rate; and a flow rate selection

mechanism for selectively obstructing fluid flow through the flow conduits,
- thereby to provide a flow rate from the inlet to the outlet corresponding to the
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patient, conprising: a pressurized fluid reservoisparch 2007
containing a volune of the liquid and having an

outlet, the reservoir being pressurized by a punp
applying a controllable pressure to the reservoir;

and a flowregul ating device having an inlet fluidly
coupled to the outlet of the reservoir and an outl et
coupled to an IV conduit; wherein the flowregulating
device conprises: a plurality of flow conduits
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di aneters, each of the flow conduits having a |ength
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resilient Tlow blocking el enent operatively

engsgo endneaverdnd oe audreaff thadloedlosking demests into the flow-
blocking compression against its associated occlusion tube, and (b) to selectively
be disengaged from any of the flow-blocking elements, wherein the actuation
mechanism comprises a plurality of cam elements, each of which is positioned
operatively to move one of the resilient elements into a flow-blocking

compression against its associated occlusion tube.

[0008] As will be appreciated more fully from the detailed description that
follows, the example embodiments may offer 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 of the example

embodiments may be simple and reliable fo use. Moreover, by changing the cross-

 sectional areas of the flow control
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and novable into a flow bl ocki ng conpressi on agai3$iarch 2007
its associ ated occlusion tube; and an actuation
mechani smin the housing that is operable (a) to
sel ectively engage and nove one or nore of the
fl ow bl ocking el enents into the flow bl ocking
conpression against its associated occlusion tube, and
(b) to selectively be disengaged fromany of the
bfl ow bl ocki ng el enments, wherein the actuation
tubespdiffereatrO088Id fIRSw ' a nts, gach .. '
ag}e which is positi onzaélﬂéh g%@?%ﬁfeg{dfaf Wﬁ@%ﬁiﬁmﬂtﬂlw of
the desgee.i ent el ements into a fl ow bl ocki ng conpression
agai nst its associated occlusion tube. [0008] As w |
be appreciated nore fully fromthe detail ed
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the flow control 3b 15 March 2007 tubes, different
ranges of flow rates can be provided, thus increasing

il ity of he devi ce., BRI EF DESCRI PTI ON OF
[001 gtl?%@ﬁ\iéén[ Mﬁfeipgﬁpg&i‘%@e&f sgleetablecflow rate regulating
devicein ' | Df:1s] stem . .
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in accordance with the present invention; [0010]

igure 2_is an expl oded perspective view of a
1001 5, g 84S aito plan aieve glithe floy catevolaabe asassbldARESn 2

prefe\“feﬁrbrﬁbgaﬁiflgﬁ 8P th%n&%génr{emn\trelﬁtgoﬁ;he present T nventton:

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




[0011] Figure 3 is a top plan view of the flow cqBtvigh 2007
tube assenbly used in a preferred enbodi nent of the

i nvention; [0012] Figure 4 is a side
wo@l‘"@v@ﬁ"anal view of the flow control tube asRETH$ 20 35130135

Figure 3; [0013] Figure 5 is a perspective view of the
interior of the housing of the preferred enbodi nent
of the invention; [0014] Figure 6 is a perspective

vi ew of the housing shown in Figure 5, show ng the
housing with its cover attached; [0015] Figure 7 is a
bott om perspective view of a camthat is enployed as

f 1 t uat nechani,sm of t rred
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PCT/ US2003/ 030135 [0016] Figure 8 is a bottom
perspective view of the camof Figure 7; [0017] Figure
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preferred Wbﬁdlmﬂﬂtpﬁdma]wmtgm,e 10 is a cross-sectional view
taken along line 10 - 10 of Figure 9; and [0019]
Figure 11 is a table show ng an exanple of the flow
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DETAI LED DESCRI PTION OF A PREFERRED EVMBODI MENT [ 0020]
' Referring to Fig. 1, an infusion system 100 is shown,
[0019] Figunéil Ehis a thblewhoating an egahnile 6g tlﬁ’@ﬂb@efaiek%hf‘ca be se ected
accordance with the present i nventi on may be en'prf oye _
with varipys seiingsi ofnsgremeptanoembodimeesofthie present ésedntivi,
102, which nay be a bag as shown. The reservoir bag
102 is typically pre-filled with a volunme of a

DR ISESCRIPTION OF A PREFERRED EMBODIMENT
[0020] Referring to Fig. 1, an infusion system 100 is shown, in which a flow rate

regqlating device 110 in accordance with the present invention may be employed.
The infusion system 100 includes a fluid reservoir 102, which may be a bag as
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 b‘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




liquid (e.g., a nedicinal agent), and is of a Knowiaeh 2007
type that is advantageously pressurized by a punp

( mot wshemn)s t hat controll ably applies a positi Ve,
pressure to the reservoir bag 102. The reservoir CTB'%\S&“"‘W""”"

102 is fluidly connected to the inlet of the

regul ating device 110 by an upstream N |ine 112, which
~conprises several segnents of flexible tubing cut to

suitable Iengths A first segnment 112a connects the

| et of eservoir g 102 with the inlet of a
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needed to the patient. secon Segnment
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2007 . PCJT/ LlJ]gngOB/ 030135 |g$e§ quwgbgg%%ﬁl?? éﬁgP/PBF the filter 108

Wlthfthf {rlet obthe segulating devdeolldg air and/or particul ate
contamnants fromthe fluid. A clanp 106 may be
install ed on the second segnent 112b betvveen the fill
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110, ahdrt@lrrﬁﬁfam a t !
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of the regulating device 110, and term nat
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Whe@ ﬁ% uﬁg,yarb Sné gﬂgd“aﬁ?eﬂimé ghonrihe maladiuerifilsing to prevent
leakagktting (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
zﬁrevent | eakage. [0022] The regul ating device 110 is
[0022) Jd regutasing dedcabi aipsest td fegufdtound adfuseithé BB w rate of the

liquid delivered from the reservoir bag 102 to the patient. In some situations, it may
be desired to prevent or deter unauthorized or unsupervised adjustments to the flow
rate delivered by the régulating 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




liquid delivered fromthe reservoir bag 102 to tNhg march 2007
patient. In sonme situations, it may be desired to

or deter unauthorized or unsupervised
wooéﬁy(ﬁ?#énts to the flow rate delivered by tRET/US2083/030135

regulatlng devi ce 110. Accordingly, an optiona
security cover 120 and/or a renovable key 122 may be
provi ded for the regulating device 110. A |ockable,
tanper-resistant strap (not shown) can al so be pl aced

| . ound, the flow, regulating device 110 with the
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low rate through the device 110 by se

therapeuubﬁtgent:tob@dé]wmddfI ow t hrough one or nore flow |
control tubes of equal internal dianmeter and unequal
| ength. Thus, a set of discrete flowrates, from zero
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204, Mcﬂﬁited/ﬁ{ gtk 1&&@2@@@1@&1@ 2@4@ b RAF BbR&of Hﬁchoﬁhﬁhl

conmponent s of I"ow regul ating device
comprlsnsg @cﬁaﬂlil caﬂdrﬂOétméh mmpheralrgrowtessz{wn andrecathdoHongr plate
2[ afj}(fl H \ﬁn usi ng hal f
210 w1th a plura ity of flow-blocking e ments which, in the preferred embodiment,
comprise three resilient cam follower fingers 212a, 212b, 212¢. A plurality of detent
11dges 214 radiate from a central aperture 216 in the cam follower plate 210. The

operanon of the flow control mechanism will be described below.

[0025] Figures 3 and 4 illustrate a flow control tube assembly 300 that is instélled 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 IV line




204. Mounted in the |ower housing half 204 is a ﬁBQM&chzmn
control nechanism conprising a camrotor 206 wt

peri pheral -grooves 208, and a cam fol | ower platquaiﬁm”mM”3,
with a plurality of flow blocking elenments, which, in

the preferred enbodi ment, conprise three resilient

camfoll ower fingers 212a, 212b, 212c. A plurality of

detent ridges 214 radiate froma central aperture 216

in the camfoll ower plate 210. The operation of the
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hal f 204 t§o prow de a p?uradre???/‘wg?tréﬂﬁ fahﬁ.“'%!ﬂ%gvconuol
tube 5|18ma pecond flosceontralvivhg 3d2pand atuhlmbﬂw} ddlmlrtabésm are each
He n the Li%eéream IV Iine 112 and the downstream
CO““FQF’- theone of thedlowconigal dnbe sennecsion payts 3@8,r1gxeﬁm‘ablgr€b a

s, 5 b D B S o e

flexitleektradedmyCf | ui d connection to the upstream end of
the downstream N line 7 15 March 2007 rl, 1/

I JJZ11113/1t311135 114, an outlet plenum chanber 303,
daplurallty(preferablythree) of flow control -
[002@ Mlb@ﬁﬂwcﬁMWrcqmql $uBGR 107134 21 BSpEmtd partitalistaRedr flow
of a fir flow ContC{qchg tube 310, a second ow

rates f@ﬁ APBroXigate @e S 1515} 135 S_mqﬁqﬂllyt, tilees3@ith inside
t ube

im0y ORSS 0 BSBN Sk e
tubes Hwify twoeopt Elﬁ'&ﬂ&ﬁﬂﬁiﬁ@&@ el caﬂgj% ﬁ%@c e?gr@cygﬁ qa the range

preferably made of flexi extru

of flowf rates=désired, thorarge ofifbew r3td fosi %we?ll]greﬁﬁire%euﬁ% directly

particular range of flow rates has approxi mat

propastipaal mﬂmelgm greterpithieftubes. | The flobesontrohtubesizds, 312,

t er.$,.0 ut, 0.003.to 0.004 in. (0.076 Nmto
and 334%{"% ﬁ,ﬁ})ﬁf ?Bfé‘gﬁ[%% @ndbfgf tubes of equal nl(s1de diameters and for any
given applied fluid pressure, th_e flow rate through each of the tubes 310, 312, 314 is

inversely proportional to its length. For example, in one specific embodiment, the

Iengths 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




tubes having larger or smaller inside dianeters GaRshe 2007
used depending on the range of flow rates desired,
range of flow rates for a given pressure being
WO&I"H@'&H" proportional to the inside di anet etCIOSIN30135

tubes. The flow control tubes 310, 312, and 314 are

of different lengths, and for tubes of equal inside

di aneters and for any given applied fluid pressure,

the flow rate through each of the tubes 310, 312, 314

Is inversely proportional to its length. For exanple,

associated ocolmeicspribiel316 foroal finstrflow t:bnduitethﬁ gesondflow control tube
respectively be 2 in.

312 and ityasspeietechegclusipogube 3&8 dorrpt %@aﬁaélﬂiv §Pn3ﬂz§ha@1 ﬂi!ﬁhﬂllfd
flow contyef e e kL Aseen podtsigh s MM b€ By

condus. RS SHFur i e RETELIS 1g S SAraeacAREpnce.

| preferabl@fg s%l%&'t bBAdR LG Bing o'f%ﬁreeﬁt%hﬁt‘i@h lﬂﬁb@ébﬁﬂél@ﬁm%cﬁts 324 of

20 are referab substantially equal
an inlet nham@blﬂs’i?zﬁn dl‘hmudcmm bdraﬁé includesan ddetpod P06tbatis

316, /318, 320 are of a soft, fle e plasti
adapted forflaid gonnestamiatie downsEsanEnd0 XfldeE é@gﬁ%n Splipgdd2.

they are resiliently conpressible. Thus, the first
flow control tube 310 and its 8 15 March 2007 WO

[0028] Flgaﬂ)é% A 3@%11&%@%@899@( AR #3260 6h Aerdl OTHE leh@él:m@xon tube

orma first flow.conduit, the second f

connecné?ﬁ)gbft@ 32t eReenBirdmeadid 327 tes dratackdias bysonic welking) to
forma second flow conduit, and the third flow

the interiop pideaif mﬁéeﬁﬁ@nwndnods&B%\&stbcrebwa&fmg anipiet plesainz 20
chamber 301" P ik 3 50 oo, BBSLER SRAE o8 e inter

r gf bly by solvent bonding, to one of three
plenumﬂg)(g@' %on tube connection ports 324 of an inlet

mani fold 326. The inlet manifold 326 includes an inl et

port 306 that is adapted for fluid connection to the
[0029] Aslshowhriadfigera Dind bethelowardmusing hal 204 and the upper

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 cormected 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,




[0028] Figures 9 and 10 illustrate the inlet mani{fsqQlgd. 2007
326 in detail. The occl usion tube connection ports

324- exwend.froma [id 327 that is attached (as pws2003m30135
sonic welding) to the interior side of an inlet i
pl enum body 328, thereby defining an inlet plenum

chanber 330. The inlet port 306 extends upstream from

the external side of the inlet plenum body 328.

[0029] As shown in Figures 2 and 6, the | ower housing

e i BB 202 0 poniihanBud Rl be movided i
R R e S b A

means, such as adhesive bondi ng or sonic wel di ng.
Alternatively, the upper housing half 202 may be
[003@bRefarting to digimes |2camdt 5 htheslomer heubing(HalPR0aeaa s i88¢ Mto a
) as_a snap-toget her attachnment nmechani sm (not shown),
OWRFIeam;pordaq; BpHreasn podon byer lataralisippono 220, 2[18: lateral
e bl e. The. upper housing, half 202 is
suppbft 5% SRRt Erpric LT otandingdieteny enamanmcatancmber 224,

the PRI PRI PORUFORS5 . ke AR oabi provides
in the{dteral stppoh @23}, bacls of WiREIREeives 'o&h@%?tﬂ@%tcﬁﬁﬁﬁxgﬁ%es 316, 318,

downst ream ends_ havi ng openi ngs through whic
320. i'Phelowarhowitg half 204ehasut Hownpeeim ¥ waBSIPBCt ARy of hinge

1 ext e%g’ As shovvnifi'ga Figure 2, 9 15 March 2007
clemesits 435758% Pe 19Yided amEng grerioneftiedpwastenzitawali228 for
' . maybe provided with a
the aﬁ%ﬁ%ﬁ%ﬁ%gﬂ‘&oﬂd&@%ﬂéﬂﬁ é“e%‘éﬁy éﬁgﬁf L,g(iuri ty cover
120. [0030] Referring to Figures 2 and 5, the | ower _
housing half 204 is divided into a downstream portion

[003 Yrdl spaol4i3a isdecatedrinithe dbwmn'eah?{y@kicﬁlwgfet&?%ﬁ-homﬁlg half

ort 222 is itself interrupte

|ateral su . s . ;
204. u°p§p@@ﬂo¢a@g4ff£ﬂ@wmgem gaigerfetiomesntrtly-G@gbsed tabs 406 and a central
aperture 408, is attached to the top of the spool 402. The flow control tubes 310,

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 haif 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

10




t he purpose of which will be described bel ow. Thri€&farch 2007

vertical slots 226 are provided in the |atera

su rt 222, each of which receives one of the
‘V'O&B‘g't"%}’én tubes 316, 318, 320. The | ower hongnus;umnfma

204 has a downstream end wall 228. A pair of hinge

el ements 230 nmay be provided on the exterior of the

downstream end wall 228 for the attachnent of the

above-nentioned security cover 120. [0031] A spool 402

is located in the downstream portion of the |ower

describednrlewn chmrally hmatedrins heoupstreanvpartidmef the lowaihousing half

dla tricall posed, tahs 406 and a central aperture
204 i an GO AeR AL, Ko thsaoh falavaate 300 (dephgbed above)

ntrol tubes 310, 312, 314 are wapped around the

is attache‘Eloool 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

[0033] Theolosvet Housinghal¥i20dhazear updieadoend wahm&nd)p@ﬁ:lﬂaﬂ%%n
of the |ower housing half 204, thereby definin

aperturedsfiing Hi Wrbdq providedan }tbﬁuﬁgﬁm todawall 26:4d"ort e
attachmeRE AT R SEGHRmMOT T8y ap{BOh AV RLAS 571 e Atkached once e
options 4549 Pal P O BRFOR HhLALER 954 senion

' tabs 416 8lppbeidedanithe h&b@trle@&ﬁﬁ@l‘tlonsdmﬁ@ IdweérRousin F%Pfotpﬁeag the
which is configured to hold one of the occClusion t
upstream&rﬁl wall 284, gfebyn dpfining ospdoe beswear therapsieedm ehdrwily 234

e flow control mechanis as will be 10 15 March
andther@oumonmsz@m mg:theuglmwmf{dul@aédescn bed bel ow.
Centrally Iocated in the upstream portion of the | ower
housing half 204 is an annul ar pedestal 414, to which

10030 THS g b ke 0 S A0 g vt
peripheryy RAl egnt el dpeaiite 88feceSP4IMNAL b¥st Hown in Figure 2, the
central aperture 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 occiusion tubes 316, 318, 320,
- respectively, as will be described below. Alternatively, this alignment can be
'p_rovided by having a pedestal with a non-circular outer periphery and a cam follower

- plate with a mating non-circular aperture.,

11




apertured fitting 236 may be provided on the upstjsaafn 2007
end wall 234 for the attachnent of a tie wap or
cable-w-ap-~«(not shown) that can be attached once«tR&zvusmsuiss
optional 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 the upstreamend wall 234, thereby defining a

space between the upstream.end wall 234 and the

: i he | i.f al 26, .
003550 EORALS, AR5 R S e R e
central apevteret 420 of tivldhpport peddatil 4. HRsfe %% Wﬁé‘ 7 and 8, the

central aperture or recess 420. As best
-cam Ftgi 286 hasteheentrad metaamingrost 604 dEﬁén@ﬁlgtfhentMOW%r surface that

.followe | ate .21Q is,_dinmensioned tg fit around the
fits iy P At Riof @135 90 et g daaR 9E nosh SOA K splitcio thab s with a
' : [ e t rture 21 f . the cam .
snap S SE00he SO 3R, B fFicBinAlx Bield 87 BEEE with respect to
' i i 4 f est al —r
the RS o hac DECah BRI U o0y BB Al witin e

apertitd 420ewhilethe bamamtorf 206 @vwestrpinat drarhCremtibil mOTERRht.
to the pedestal 414. Wen the camfollower plate 210
is properly aligned, the camfollower fingers 212a,

10053 A AR SR S B e a5 .71 and 5.
The it 856 20REY ekt AL EEPEVIY Bl ol el ABTSRL, S8ty of

be provi aving a pe
verticall{¥ial) eletafteryofesh ik & red é‘ﬁﬁ ' ‘
masi n Dnon- ci rcgl ar ?pfgﬁ%% e. lt?l fgrggr C C%{'Sgul’?lferennal

intervals.. The detent.gro®@s 208)$eflid ARaaadAlIPkIIORO AR rOBreSBAHre-
[ igure 6, .an annular retention collar 502 is

SeleCtFai’&'? UG SREtigsn aaH éllelé arf ¢rgagad byt thealetant aigaghment member
224 RO AR B AR Purad St Btonr
surfactepRime! cash (6020635 pPYRted WiltPs Hrddfly of cam elements 242a, 2420,
242¢, respectively formed as arcuate ridges located m three concentric annular bands
244a, 244D, 244c around the center of the cam rotor 206. The radialty 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 242¢ equidiétantly spaced
around the circumference of the band 244c, and each subtending approximately 45°
ofarc. 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, 212¢c. Thus, as the cam rotor 206 is

12




f| ts into the retention collar 502. The retaini nngﬁ\@éEhZOO?
504 is split so that it fits with a snap fit into
retention collar 502, and it is frictionally held |n

WO RIH@SNFth respect to the collar 502, so tiratT/ysreesemss
rotor 206 and the collar 502 rotate together within
the aperture 420, while the camrotor 206 is
restrained fromvertical novenent. [0036] The detail ed
structure of the camrotor 206 is shown in Figures 6,
7, and 8. The camrotor 206 is a disc-like structure

rotated, theitinegnospeainpélensint 24de présses agaihstrthe icayn filllowen fisgeal
(axial) detent grooves 208 formed into it at
212a, urgmgei eihvaardlyc diys the middle sapnelemente 242k press against

e e SRS A0 05  h SLnl, BEELLL i LBl ceetl .
cam fouoﬁéfféﬁ@ gﬁﬁggeqr%ﬂ%gﬁégg%%e5| reg‘;eglf]g%%¥§a?%%goe srgﬁe@th &g they

t rWiheh tBe @airs follcwveérd@tkers are
are 5o enggkt%ﬁ 5 ﬁf PF%%;? eé:rgrf?gfl e 5428 345b,  242¢.

forced domﬁ@mﬂy WI theircarsnmiamsl @ant skengents dgey sﬂmeabwn upiomeand

concentrlc annul ar bands _244a, , 244c_ around th
thus comprassivelyopcd H@e thei ﬂ’é‘ioﬁtatQ@)@CCWﬁ@nr eathereby rﬁg'ﬂll%% off flow

through tPARfutCasng G Hyihisl the iy cShaRT pPnif Rt AFRGAr
occlusxonatp@g g%i&zlﬁ% g%%l qeg rﬁ]{%upgé[l%%ﬁ’lf tu@ha'mﬁ{r fa\l, ¥f RRRASEEment off

each sub
of its ass&ﬁﬂeﬁ@a@ﬁ‘f@ﬂdw@pfmgér Alws fﬁﬁnﬁg@ﬂlt@hmﬂlemy sprimg batlatalits

4c includes four arcuate cam el enents 242c

original pmitl@h siwrafl a/cmnpmsdweamgagdnemawcthnmﬂssecmmbomlusm
, band 244c, and each subtendi ng_ approxi maf eﬁ%
tube, thexgby opeméng Hen eeclusiondnbe to flowapmyits a55ECing éloma%ntrol

tube, andES issiioe (oo ausoronBrs gk A C AT bR Fo tnd sy
associatel Ffl §%§°‘mﬁa s, 22 the camrotor 206 1512 15 Mafch
2007 WO 2004/ 026373 PCT/ US2003/ 030135
[0037] In the exemplary embodiment shown, the cam rotor 206 is provided with
eight detent grooves 208, representing the eight pre-selected flow rates that can be
provided with three 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

13




rotated, the innernost cam el ement 242a presses 15March 2007

agai nst the camfollower forger 212a, urging it
downwardly. Simlarly, the mddle cam el enents 243huazmusmsniss

press - agai nst the camfollower finger 212b, and the
outernost cam el enents 242c press against the cam
foll ower finger 212c, urging these cam foll ower
~forgers downwardly when they are so engaged by their
associ ated cam el enents. Wen the camfollower fingers
of tharcem forof 206 dgienyeled; b5ciaRtAGiRlRd &
y el emin;]; t hey squeezlg11 %‘\J/\(}wsh‘ﬁrk)%% and hﬁh% t%von]onger flow control
tubezarehlecksd/ey yhodepredsionhsitheR 9s@scinbata '
Lubgs, L her eby shutting of f 11w througlﬁ%t"%éa%@?ﬁ%%?mbythe
2sS0CiRgdRHR clamesitgh Theresulsantcbomtuite thoopgh shedetie is thus 1 mi/hr.

| | usi t ub d it iated fl
in 808 (3T Bkt e B e scemenes
f ' I ' || the fi t
o RO e ML 2 I a3

through & respretivel. Vix 606E6A: Markls! Hoht ©rAAS BLLRLES, rpes is blocked

occl usi on tube, er eby openi hg € 0CC
by the pgtion 06 ithe camaelentents and theiragopiated caﬁ#ﬁﬁlo@éﬁlﬁié%‘ﬂi thereby

openi ng.the flow conduit conprising that occlusio
aﬂoweﬁ%ﬁo rrpygh allsafdsiedlan rate controb tulsds, totating[ 037y, | n

t he exenpl ary enbodi mnent shown, the camrotor 206 iIs
provided with eight detent grooves 208, representing

[0038] MhesABRtrafl & 'cﬁ”th? ?[e@ic@‘%ipfﬁ&eéqt%ﬁ@% gcgvggl parameters,

provided wth ree ow con

specitodallyi tliecleagthd snd ifidd a | ' flo

r :tlkgls ., .as g:tnllzescr i bed ab%%ét@f@fé&&ﬁ%?}bﬁ@?@% an&’the

pressutg|applisdite the ppstretinnside bf the flewesntel tabeh’ SBolidPLgreater
fic

Lce is s in Fig. 11. Thus, in the speci
numbEE Y et Beg ! Bk daten G esived bowesazarolancitie mesiides more
rimedi ate | ength fl ow

than dgce 0 Eificp et bl sk RS SR: ibes o becprovided, with o
commepBaRsE indreAW F0He R mbePsF LR \éiegﬁf?rgg &fIIbSCVg.I{l g’%ﬁ?%:qb llmgers.

m/hr. Aflowrate of zero 1S prov
the camrotor 206 to position or "state" 1, in which
every occlusion tube is closed by the depression of

[0039] Ageéﬁéfo%@tﬁﬂﬁﬁna‘amhmmmv\mmmngQhe chih AteE R08NisAhstalled in the

lower ﬁbﬁgﬁgzhalf 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 m the upper
housing half 202. The upper surface of the cam rotor 206 is advantage'ously 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

14




13 15 March 2007 rt' i uacull3/u3lll SJ of the G3Myirch 2007

rotor 206, the occlusion tubes associated with the two

| onger flow control tubes are blocked by the ,

WOgdUH@&YPon of their associated cam fol | ower Famus2003m050135

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

rotating the camrotor 206 to its positions or states
discrete flow rates tlgat mayrlmeﬂgbactqd/lar sotationpfshe com wtos 266 o #s several

pesetne80Fy e st Epb AL LRSS e BRaD G
f
decal 252, conbﬁib??&bdﬁc@%%ﬁ% %d}?qﬂc:é%?@m?ﬁ TPl e

upper surf&te%ff theas u%q’{dl??oﬂ\dsl dd\)ﬁ%t s aﬂ%‘ill nswgﬁﬁvﬁ{ #trow

paramaters s ecifically, the |engt
or like indiicatort wrﬂclmfmawbe providedby ackcond eecaldtid, tbéndipaeswhich of
applied to the upstream side of the flow control
thCﬂOWIlﬁmﬁelsaSmmiCQteg-reater nunber of increnmental flow
rates be desired between zero and the maxi num nore
than three fl ow control tubes and associ ated occl usion

[0040] WHHBSSpfeii cRiRH: hitl dinTicsLABRRERIIA! £ vilHerase

er of came ements and cam ngers.

. appreciate O3 théfétﬁjvetdt@cﬁbéwahb@mmmg 'éb{éﬁipla@céﬁl?' aad e a

camrotor 206, is installed in the [owér housing half

number of @driatioms wmmlamoﬂdirsajtms ImllfsquéSt ithemselaehtwlthose shidled in the
r housin al f 204, by _adhesi ve bondi ng or

art. 'SOmgé;eE ﬁﬁeﬂﬂ@dhfgca {‘]@S V%ﬁ&*@ﬁs hqvé.bgen @entg@edﬁw% Others

, rface the rotor 206 is pos
may inch LT 8 buied B SRR BUGBE T aheb Tt REF FobBBSade fpe cam
f r

ctements 38 [N Ehel 120t SLYBRBRE AT e i
prov1s1ona1fchltamat1ed nsezhasisigs foeselevtévelndledking flowetlirbogk dnkey
122, thereby allow ng the camrotor 206 to be rotated

more of the flavdcongobfitbes. 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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position only when the key 122 is properly insert

into the slot(s) 250. The upper surface of the gqumnhzmw
rotor 206 is provided with appropriate indicia to

i ndicate the 14 15 March 2007 WO 24104/ 4126373

PCT/ US2110 3103 0 1 3 5 discrete flow rates that my

be selected by rotation of the camrotor 206 to its
several predefined rotational positions. The flow

rate indicia may be provided by an annul ar decal 252,

WH [~ € w.0r by directly marking the surface of the
ATE@&%@@b%G The upper surface of the upper housing
1ha| fev3O2fdrs 1@&%&# 9@%3%%1 thERIOREFht¥bE D A1BTY, RbAWsi

|kee| ndi ga?or maygbe provi ded by a se orﬁlcln%IC

ademaingﬁﬁdlpdmg anndlet abé amfontbt; of the flow rates has
ted. [OQ ile a referre

- a@ﬁﬁ%@@é ?‘Bé:anﬁ@?%ﬁ?wdw@omepie thetw ﬂ@&l %{%ﬁ&pt o, the
flow coﬁ(ﬂﬁ sac;%ﬂi’ﬁofsggﬁgtrahﬁ @r ‘?ﬁ’ﬁé‘&@&a Reters %Eajégf%e%\% t:f)fi‘(ﬂﬂts having

i ons an rmdl 'ons w

a lengthSupg@esitati veestedivieserit 9ré defgedHbWIrewd, whedehteadhr df. thSAwH
of these nodi fications and vari ati ons have been

conduithinghides a dlexibde Bow@ansiot tubediavingoan epstreamrendeduidhyeeoupted to a

the n ngenment nd configurati.on of the cam
downstrgght AR SarainbRD SRERoriP B B0 e et ont

alTRAD 84tk SMectBOmBMERidh eoge?&t?)é‘lﬁ hRnRl if Itﬁeeﬁ&fk'iﬂ% or selectively

mechani sns for selectively blocking tlow through one
obstructorg flmdrfovothrohgh fhedlove oondmts thebehy. to Predide arftbvotdie from the

nodi fications, _variations, ﬁgo ther _equival ents

inlet to t§g Guflat GurcsBeRding i theyiomiined waptes of thenobebpeted flow

condaity hgaHEEN (850 el P lpdfrfiflet™ 1ot oo

a flow-blocking element operatively associated with each of the occlusion tubes, each
flow-blocking element being selectively operable to block fluid flow through its associated
-occlusion tube, wherein each of the flow-blocking elements comprises a resilient element
that is movable into and out of a flow-blocking compression against its associated occlusion
tube; 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
occlusion tube 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, wherein
the actuation mechanism comprises a plurality of cam elements,.each of which is positioned
| operatively to mové one of the resilient elements into a flow-blocking compression against

its associated occlusion tube.
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1. A device for selectively regulating the flow r@thgarch 2007
of a fluid, conprising: a housing including an inlet

and an outlet; a plurality of flow conduits fluidly
connected between the inlet and the outlet, the flow
conduits being of substantially equal inside

di aneters, each of the flow conduits having a length
representative of a different pre-defined flow rate,
wherein each of the flow conduits includes a flexible

i%@gﬂtﬁﬁbgﬁgﬁgﬁ%ﬁﬁ?@ﬁﬁg et: ;rf%ﬁggfp eg{{:‘{nrs;,cdclrgprise.s a resilient
~ cam fol RRPRTRPEE Dc8tedGh!ddth lfag o &Qﬁve@ngﬁa% Lﬂé@WcEﬁ{p?es%ﬁJe%tghQé}nent

mechani'sm operative unt e housing, for
with ons ef étaochisjon tmbed whet thegeainh foltbwdrdimgeh isoermggagedby filcam element.
conduits, thereby to provide a flowrate fromthe
inlet to the outlet corresponding to the conbined fl ow
%-.ﬁthgsde%ceto ?}1 1 Esfu%ﬁ%f ﬁ&nﬁh&ﬂ’ : condui t S, wherein the
OW rate sel'ection nechantsm €onprises: a
' 4 dnvrdiboftatablyeheamed izpﬂx%ftﬁ)hbmga&id 32901g the egmwdléBemadibposed
, of the occlusion tubes, each 1l ow blocking elenent
thereonye ppgjtisry mcwhighlepcly pbthelsiam ¢lomishisanay ppsrativelywngagecuyh
. Its assqoci ated occlusion tube rein each of the
associatpf S P UERERGIEraiRIRS CHOANS TSIt esi | ont ol eront
that is novable into and out of a fl ow bl ocking
conpression against its associated occlusion tube;
daThealevize tof @l aiom 3 ywhérein hmcameroadr iy ebtptabiegageabh elusality of
each of the fl ow bl ocking. elenents_ and nopvabl e anong
- rotary pasigppgs. £ach 9f whighyis agrociatediwibs prpdefinadflyd floyfatene of
which it operatively engages one or nore of the
fl ow bl ocking el enents to bl ock flow through the
NAREWVRB of (Ngin?3 SRRéditthe et ftcRBAIPrRESs 4f8ast first, second, and
operativel y-engaged fl ow bl ocking el ements, and in
third canrfiellpwsi fingerspindvherein thespar mtorvotpdengfdgas arfostecant element

e flow_.bl ocking el nts, wherei.n he actuyation
: engageaﬁ?@‘cw&ﬁi%% s :s? . g DY UG o ebdinaebieaBeorhosehscoond
 cam eleﬁfen%ngﬁ%éaghg(?n@ :\Hﬁ?ﬁ% see&ﬂéatxhvel y to nove one of the

resili s into a ow- bl ocki ng conpressi on
agai nst its associated occl usion tube.
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ib 15 March 2007 2. The device of Caim1l, wherqkRarch 2007
each of the resilient elenents conprises a resilient

cam foll ower finger |ocated so as to be operatively

urged into a conpressive engagenent wth one of the

occl usi on tubes when the camfollower finger is

engaged by a camelenent. 3. The device of Caim 2,
further conprising: a camrotor rotatably nmounted in

t he housing and having the can1e|enents di sposed

followet 386G Thd 8 pBRRI et Mok Cat V1 G i8 Flle el e i BB B o

followef fifg&" as the camrotor is rotated. 4. The device of
G arm 3, wherein the camrotor is rotatable anong a
plurality of rotary posi tions, each of which |s
d fluid flow rate.

assocj at ed predefin
64308 dgvies 0 %‘lﬁ% R P@@%@@ﬁﬁr@&e %&m Clement
sﬁbtendin’%sa'i)&ﬁ(giiﬁﬁtcel 586 9@ ee§jl arc LR ‘E@d‘ﬁtfaof }esgléﬁﬁalfdfl&%esfrom the

erein he ca or i ncludes at

center of tHe ot@®hkrei® m&hé paipof Yeotntath€lehiehistis a@Bcuate cam
foll ower finger, Eal r of dianetrically-opposed

element%b@ndmg@@mwewm 0 dagregeabins andliy lcwateld at mée@@tﬁdﬁdlal

7/ 15 Nar 2007 fol.lowe | ura
distancegfoTpfe GeugRo Ge RUAL v iRgagean L Byt Ae (il Phfplgimeots s
an arcua@@gémfe%dlél%ﬁbtfehﬂ‘ﬂg ﬁ)xﬁaﬁelﬂﬁy degrebd og@'amﬁs located at a third

wherein the first e ement” i s ah arcuate cam
‘radial distaecefiom thelveeted ofitheapfrpaidwhedeyn theirdiagdizé disténcaicless than

 the thirdgr@ﬁ;cai ﬁfsgén%ghgid@? g'@&%g&‘,g' al's@gfg%ﬁsiﬁe‘i%ﬁg ag ffnrrs]gqnd third radial

dlstance§econd camelenents is an arcuate cam el enent
Subt endi ng approximately 90 degrees of arc and is
| ocated at a second radi al di stance fromthe center

of the rotor, wherein each of the plurality of third
7cEhe dewgenf Qlalm 6, wherein the plurality of third cam elements comprises four

equidistantly-spaced third arcuate cam elements.

8. An infusion system for delivering selectable flow rates of a therapeutic liquid to a
patient, comprising:
 apressurized fluid reservoir containing a volume of the liquid and having an outlet,
the reservoir being pressurized by a pump applying a controllable pressute to the reservoir;
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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an arcuate cam el ement subtendi ng approxi mately 4% niarch 2007
degrees of are and is |ocated at a third radial

di stance fromthe center of the rotor, and wherein the
first radial distance is less than the third radial

di stance, and the second radial distance is between

the first and third radial distances. 7. The device

of Caim®6, wherein the plurality of third cam

el ements conprises four equidistantly-spaced third

arcuate cam el Sy 8. i.nfusion.s emfor. .

el | PUAFIG s 1T 4Bt Bop] ot bevpe SSh Fesetiative of 2
I quiggdert@nPpre RREINEA trowe AP dndi NY: a pressurized fluid
reservolr containing a volume of the liquid and having

an out | et a flavhmte sclestiom medieinimgn poreskotivelgdbbtructingfipid flow
applying a controllable pressure to the reservoir;

r, .
and ahmonghihetion sondyts igredy torowgleadiowrae frqmy ke iplet to the
coupl f j I
coupiofiet @rictBorithe & i¥cohilind ERGH A of AR Rt ow
devi gend@rpri ses: a plurality of flow conduits fluidly
connected between the inlet and the outlet, the flow

condui ts being of substantially equal inside 18 15

ch 2007 dianeters, .each of the flo onduit s
e o sl HecTtn &7 Rt solpprigine B SR daly coupled
betweerPihe RGE! OBfle b QW JiRARI th@ri@eaoﬂ}&%{va.&@%tf:&irggc dvakk.
mechani sm for sel ectively obstructing ul | ow
t hrough the flow conduits, thereby to provide a flow
rate fromthe inlet to the outlet_corresponding to .
10n &he infsine gysiempfdara Sowherpan thedhayregulaing deyice comprises;

&5 Qldall}iw 3f 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.
11. The infusion system of Claim 10, wherein the flow rate selection mechanism

© comprises:

a flow-blocking element operatively associated with each of the flow conduits;
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9. The infusion systemof Caim8, further conprij§hign 2007
a fill valve fluidly coupled between the outlet of

the reservoir and the inlet of the flowregulating

device. 10. The infusion systemof Caim8, wherein

the flowregul ati ng device conprises; a plurality of
flow conduits fluidly connecting the inlet and the

outl et of the flow regulating device, the conduits

bei ng of substantially equal internal dianmeter, each

of the conduits having a particular |ength that

determ nes a pre-defined flow rate of the liquid
dnlHcRIH0n R hdRMhCiat fstiRefly Rt e TRIVEBIOCRIMg elements to block
mechanismthat is actuableto selectively block |iquid

+ flow thibbghvthet fhow eghdyibsseonatedofith kachf dotwated fidwi bleckiag élemignt.

one or nore of the conduits. 11. The infusion system

of Claim 10, wherein the flow rate sel ection mechani sm

C |+ " | n . .

1904k hrﬁﬁﬁan \%{%tk&&%ﬁgﬁ 1 lgwﬁ%xl%ﬁ?égchqg‘?ﬁ@hb%e&%ld%gs includes a

associ at e t he ( urts; 1

and

ow con

resilientMacainpResiBle auethsion @bt Laid wherbiticduah o thd fled blocking elements
sel ectively actuates the flow bl ocking el ements to

includeg grsilient plgmenh et ihmereble by ihe srgtion mechssis oy figw-blocking

, each actuated fl bl ocki ng.el ement. 12. The i nfusion

-compre%sif/‘oé} ae%ﬁ”%# %&agﬁo%a%\ﬁ Oﬁﬁi'éﬁ‘“ér? ﬁ"bgach of the flow conduits
includes a resiliently conpressible occlusion tube,

and wherein each of the flow bl ocking el enents _
13nTheddssian spsteini afrflamh é pwherehntheiastuation mheshbyismhemprises a

. acfuation nmechanismjntq a fl ow bl ockin conpr essi
- plurality;gf-¢ane Fl%me§tsa§§fgjc‘?fg]‘ffh’@hd% E?%Q?Qﬁﬁib(tﬂ%@!"e?% to Fagge one of the

.resilientirfdg%ﬂéﬁtg thts %Sﬁcﬁmb%ckglg&gpflé%g?@? gﬁ%b& i[s%s?@ﬁ%a%ic&ﬂsionlgbe.

anl sm conpri ses cam el enents, eac
of which is positioned operatively to nove one of the
resilient elements into a flow bl ocki ng conpression
14g&he sifusios sysematf4tlan d & civhetesneachtsd 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 rubes when the cam follower finger is

engaged by a cam element.

- 15. The infusion system of Claim 14, 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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14. The infusion systemof Caim 13, wherein each sQfiarch 2007
the resilient elenents conprises a resilient cam

foll ower finger |ocated so as to be operatively urged
into a conpressive engagenent with one of the

occl usi on rubes when the camfollower finger is

engaged by a camelenent. 15. The infusion system of
Claim 14, wherein the flow regul ating device further

conpri ses a housing containing the flow conduits and

t.he, c n1fo||o fingers he housi n avi ng_one.
mounteft o s e AN v E oy Ra0S ditmeerd BRiFoRE POSHRES in which
each offtﬁbecaqﬁ\ﬂefﬁfen@yﬁﬂa% eﬁﬁ%wﬁgsg@aﬁ B& oRfatddBlan® fol R FHge s the

further conprises a camro rotatably 20 15 Marc

cam rot@0BFotatmlint ed i n the housi ng and havi ng the cam

el enments di sposed thereon in positions in which each

of the cam el enents nmay operatively engage an

i 0 [
o TP SEn S5 o CHEh 1. BOELR T A iRl TrOhRblc dgre o

plurality bLrot@& positivns] éach of &Hﬂcﬂi B a3evIted with apRidefiNedfluid flow rate.
rotary positions, each of which is associated with a

predefined fluid flowrate. 17. The infusion system

12 78 Mehithsae & it G4k ety oy i ChpiriseS Bhlest first
. second, \aﬂg ltﬁwcérﬁ%na%f Bh &%, a8 waﬂ&aﬁgh? L&AShtR lﬁdflﬁ(ﬁs at $@9 a first

el ement engageabl e onl’y wit I rst cam ower
cam elefengengageatjaionlyofith itlanfitst cmlfbyewelpﬁnge&pla peit ofidiat@gtrically-
el ement s engageabl e only h.the second cam fol | qwer

opposed jeqgRd Caraﬁéeraentﬁ P%@eal?ly 0Bl Withrthe sesopicamuiptlewer dinger, and a
poal BOAYAREE B0l e S A Y RIS RO,

camelenent is an arcuate cam el enent subtendi ng
approxi mately 180 degrees of arc and | ocated at a
: 1\8; be infusionisysient efi{cleim fl 7 pwherein therfiret canf elelhent ot aor greuate cam

rei.n each af i.r of second
cloment §1E{siibe S Aty d S0 dpeErup b ABg o b Dbl Dstance
from thASH&GST t8E rAbE v eih $alP6AIRDaR! 05t GE PO cRGhlks 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

o radial distance from the center of the rotor, and wherein the first radial distance is less than

the third radial distahce, and the second radial distance is betwéen the first and third radial

distances.
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di stance fromthe center of the rotor, wherein eaghugtn 2007
the plurality of third camelenents is an arcuate cam

el enent subt endi ng approxi mately 45 degrees of are and

is located at a third radial distance fromthe center

of the rotor, and wherein the first radial distance is

|l ess than the third radial distance, and the second

radi al distance is between the first and third radi al

di stances. 21 15 I\/arch 2007 19. The infusion system

Bl ars ey e oot € ytefiit e ool SE i Sqrp gloments
compns%’s Fh@ &u@cﬁ@@aﬁilﬁ-@ﬁéﬂeﬁ thi#8 arafleddnt Blehfntd €gul ating the

low of"a liquid froma pressurized source,
conpr|3|ng a housing having an inlet and an outl et;
t least first, sec an thlrdflowcondwtsmthe
ﬁ%a“sgﬂgw %qxlraglya%%ﬁv@é%q phiguid fpwa preaswized SovICE: |
e h of the flow condwts conprising a flow control
Compmtq%'e and a resiliently conpressive occlusion tube,

ah@is@ighdvivey hh iletcodtanadutlebes are of substantially
equal Internal dianeter, the first flow control tube

gideashfirss, serond, and tljrd flgwsesgidaitein tiethousingifhidly connecting the

. e d ined, f| at e, second fl contr t ube
inlet anf i G4l "GEn g 318 A BimidEs SR Rng 2 A oMl it B8
resmen@y 8oBdsBiod oﬁhlwohaa@a viRGeihRBe HB{avréantﬂoPWlb%Q afer&* sub8Btially
having a thi 'engt h'associ ated wt
equal 1npa:makjcé1ﬁmamd thb dirstribdve portroleabe hevihg falfn'st- lbhgthlasmlated with a first
associ ated with each of th

| pre-deﬁeeg Elgm @?Pp ?ﬁé%é\é%ﬁwmm | subehaying 2 F%ﬁﬁnéﬂenﬂsh agsociated with a
second gr%n@éfﬁ%ﬁ' a?aqg'a'ﬁﬁtth%ﬁﬁrc?ﬁg&céogﬁrgfihu%‘é%avﬁu' oeﬁhﬁljdtigngth associated

an ac on mechanismin

with a tRiRg e befided) fléw rae] ectivel y engage and nove one or
nore of the flow bl ocking elenents into the

o fesiiept Bewihigclangrplessnt operatjuélysissociated 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, wherein the actuation mechanism comprises a plurality of cam elements,
cach of which is positioned operatively to move one of the resilient elements into a flow-

blocking compression against its associated occlusion tube. -
21. The device of Claim 20, 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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its associated occlusion tube, and (b) to sel ectiM&lMch 2007
be di sengaged from any of the flow blocking el enents,
wherei n the actuati on nechani smconprises a plurality

of cam el enents, each of which is positioned

operatively to nove one of the resilient elenents into

a flow blocking conpression against its associ ated

occl usion tube. 21. The device of Caim 20, wherein

t he actuation nmechanismis operatively engageable

i.th each of the flo ocki ng,el enent s and. i vabl e .
more of g VEF e Ring ciintasf 16 BlogE Hapt En e bedfiSionTull ¥@tifted wim
_each of @itco atY%'lf-Qngé cAFRFADbINRiYe SBEREIBSaRIE e Rition NBKRikh it

200 nore of "the flow bl ocking elenents to block flow
operatively enggiges henoeftthafloonblackngadementat ed with each of

t he operativel y-engaged fl ow bl ocking elenents, and in

one position of which it operatively engages none of

h I I i:ngy @l ; deyi j

2o Tt RHeP oP ERRE B Teck 51 P18 B AlmBhts Ko RlcHies o
resilient’ @i fdlRvter Cagef DWchRdab ditddebpbeaatlgdirged afto b@ol®ressive
operatively urged into a conpressive engagenent wth
- engagement voith epeobibelogslusionttubesswhgrethetcam fodlemfes finggris engaged by a
lfi nﬁer I's engaged by a camelenment. 23. The device of
cam eleyely-m 22, further conprising: a camrotor rotatably
nounted i n the housing and having the cam el enents
di sposed thereon in positions in which each of the
23althe devrea v Chasn Zhdndbervminyprésiogage an - associ at ed cam

follower finger as the camrotor iis rotated. 24. The _.
| SN Béordpt@r@m@mte%b iNQuEIRG 2pd hryigeshe pam cigmenip disposed
thereon IBOG Gt fih otPbe e Saflole MBS il Shor ety Bhedlhi "

associatdd Garfl Uil 6Wefingdrals the dam WH©F & fotdté® devi ce conpri ses
at least first, second, and third cam foll ower

fingers, and wherein the camrotor includes at |east a
- 24. The device of Claim 23, wherein the cam rotor is rotatable among a plurality of

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

25. The device of Claim 22, 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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23 15 March 2007 first cam el enent engageabl e onlsWaarch 2007

wth the first camfollower finger, a pair of

di anetrically- opposed second cam el enments engageabl e

only with the second camfollower finger, and a

plurality of third cam el enents engageable only wth

the third camfollower finger. 26. The device of Caim

25, wherein the first camelenent is an arcuate cam

. el ement subtendi ng approxi mately 180 degrees of arc

- first canggfr%{%e?& %@E%?gﬁlreanfl' %%t@%tféggi:r lcg%%%ﬁl%?v%? It]ifg[g%rgnlatpggrfof diametrically-
opposeReend cavl@heis Bhgageﬁblérbngf WitttBe S8dOndafBMower finger, and a

_subtendi ng approximately 90 degrees of arc and is

- plurality elcthirdcam elemsatsomgagealeadnly dvich theabirfl icom foHewerfinger.

of the rotor, wherein each of the plurality of third
camelenents is an arcuate cam el ement subt endi ng

‘Z%ETBQ yevRt oF Yllﬁél ?fgﬁlﬁén%e ﬁﬁs‘% cafelbiehiGs %h &tkudle &m element
third radial distance fromthe center of the rotor,

- subtendmigchpph@timately 180 idegeks oflicainddoadtedatea fisst ksl digtamce from the
the third radial distance, and the second radial
- center ofjthergfrre wherahe eaahetf thepair of secondanhelementsds an arcuate cam

[ S. 20 T Vi fClaim.2 rein th .
clement S BloRE g fimbity B Heleroh s U if ocali8 R e racia
. distanceSEisthdhS E@itbd ¥F thE GO Whireieh ALK WatiR: SlaralRy 8fMBiRdean? Slements is
The device of claim1, further conprising a spool
an arcuatecaracianend suptendinggipareypoetely df degrespobhrcaay is lvatediat a third -
., Jlow control tubes_.are wapped aroynd.the spaol and

radial dipaP FBE B copifE oL B a I BOpiEes LR 1T g e 1s loss than
the thirdSl&l ﬁﬁ'tzﬂﬂ:epaftncf A€ sELNY 2871 ARtantH ¥ebet®ien the first and third radial

distances.

27. The device of Claim 26, wherein the plurality of third cam elements comprises

four equidistantly-spaced third arcuate cam clements.
28. The device of claim 1, further comprising a spool mechanism comprising a spool

- and a spool cap, wherein flow control tubes are wrapped around the spool and retained by

- the spool cap to prevent kinking and stretching of the flow control tube.
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