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err err err err] The present invention provides an in i on
ElO)]fEr plogidiLg[a flow of a liquid through a tube (28). Tﬁgiﬁﬁﬁbgﬁgﬁ
punp (10) includes at |east two occluders (152), (162) having an open
posi tion aweoa/sgé76sed position for rel easably pinching-off thtertsesf388) .
metering chanber is disposed between the two occluders (152), (162). A
first plunger (72) and a second plunger (73) are provided, each plunger
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Field of the Invention

The present invention relates to a fluid delivery mechanism for the delivery of liquids

and other fluids. -
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5 Background of the Invention

Fluid delivery mechanisms are known in the art. Positive displacement pumps are one
category of fluid delivery mechanisms that 6perate on a flexible tube o generate a pumping
' éction. One category of positive displacement pumps.that operate on the ﬂeﬁble tubé are also
known as valve-type pumps. In the operation of the valve-type pump, a plunger compresses

10 the flexible tube thus forcing a liquid contained in the flexible tube out of the flexible tube.

One such application for the pdsitive displacement pump is the administration of
intravenous liquids. The administration of intravenous fiquids to a patient is well known in the
art. Typically, a solution such as saline, glucose or electrolyte contained in a flexible container
is fed into a patient’s venous system through a conduit such as a polyvinyl chloride (PVC)

15  tube which is accessed to the patient by a catheter. Many times, the fluid is infused under the
forces of gravity, and the rate of flow is controlled by a roller clamp which is adjusted to
restrict the flow lumen of the tube until the desired flow rate is obtained.

Flow from the container to the patient also is known to be regulated by means other
than a roller clamp. It is becoming more and more common to use an electronically controlied

20  infusion pump. Such pumps include, for example, valve-type pumps. In such devices, a
container or bag typically provides for the delivery of the fluid to the tube. A mechanism
pinches on the tube using an occluder, and typically a pair of occluders. A plunger, pressing
on the tube between the occluders provides the motive force to deliver fluid to the patient.
When fluid is delivered to a patient, one of the occluders opens. Different bolus sizes are

25  accomplished by controlling a stroke distance of the plunger. Different flow rates are
accomplished by varying the frequency of the operation of the occluders and plungers
open/close cycle.

One disadvantage of the prior art infusion pumps is that the operation of an occluder
and/or a pluﬁger on the tube will eventually deform the tube and change the pumping volume.

30 This disadvantage may arise for many reasons. The operation of the occluder or the plunger .



present invention, an occluder (152) rel easably pinches-off the tube near
the source of the liquid at a first |location. The second occl uder $162)
rel easably pinches-off the tube at a second | ocation that is! m
fromthe source of the liquid (23) and the first |location. The tube (28)
is released at the first |location and a plunger (72) conpresses the tube
(28) between the first location and the second | ocation, thereby
generating a flow of the liquid through the tube (28) in a direction
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acconpl i shed byTkptem ihveRGorpretil@khedtshrRefidnl atde JdPh UREE throddh hfvgdeent
flowrates_are,  acconplished by varying the frequency of 1ihe oper ati on of

t he occl udef geVéﬁ?d:onﬂ.ﬂ% flgst o Hygdqle@g%haayngpg open position and a closed position for

releasably occluding the tube at a first location; second occluding means having an open position

and a closed position for releasably occluding the tube at a second location; compression means
between the first location and the second location for compressing the tube; and means for
providing a liquid under pressure to the tube comprising an inflatable bladder, a fluid compressor
for providing compressed fluid to inflate the inflatable bladder and an energy storage tank for
storing the compressed fluid under pressure which is in fluid communication with the fluid
compressor and the inflatable bladder.

The present invention further provides a device for use with a tube providing a metering
chamber and a container containing a liquid in fluid communication with the tube, the device
comprising: a bladder for compressing the container thereby pressurizing the liquid in the tube
and causing the liquid to flow into the metering chamber; and a plunger for releasably
compressing the metering chamber and thereby generating a flow of the liquid from the metering

chamber.



One di sadvantage of the prior art infusion punps is that the operation of
an occluder and/or a plunger on the tube will eventually deflg)r%l}spgoogube
and change the punping volune- 30 This di sadvantage may ari se f\o many
reasons. Tﬂﬁ@pﬁ%_ﬁti on of the occluder or the plunger . 15 Auc%ust 2003 2
may stretc € tube thus changing the yol ume contained wi t HiTT¥¥e28tbe.
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present invention further. provides a device for use W e providing a
net ering Figure 12 is a sectional view of the downstream occluder of figure 6 taken along axis

20  E-E of figure 6.

Figure 13 is a sectional view of the upstream occluder of figure 6 taken along axis F-F
of figure 6.
Figure 14 is a diagram of a system in accordance with the principles of the present
invention.
25 Figure 15 is a schematic of a valve/occluder/plunger arrangement in accordance with
the principles of the present invention.

Figure 16 is an operating profile diagram of the valve/occluder/plunger arrangement of

figure 15.

Figure 17 is a schematic of an alternative embodiment of a valve/occluder/plunger

30  arrangement in accordance with the principles of the present invention.



chanber and a container containing a liquid in fluid communication with the
tube, the device conprising: a bladder for conpressing the g F) %BSPE(E

t hereby pressurizing the liquid in the tube and causing the 0 flow
into the nategosigochanber; and a plunger for releasably conp «;ﬁ%@be{)%&?e
nmet eri ng chanber and thereby generatingga flow of the liquid from

nmetering chanber. 15 August 2003 WO 00/51670 PCT/ US99/29436 3 - Brief
Description of the Drawings Figure 1 is an exanple of an intravenous flwuid
i nfusion punp Ln which the present  invention can be utilized. Figure 2 is
a perspective b‘g‘éﬂﬁ @f‘staﬁé’PFrﬁf‘P&%}%%@ang@le thewalse/onclpderpletger pgamgendeni of an
5 open pogdfhgn. Figure 3 is an expl oded view of the intravenous fluid

i nfusion np of figure 1 illustrating conponents internal to the
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occl uder m&ﬂhﬁxmsmdmd acédidaee ithahe BrindiplBs of the pPéchﬁnDérﬁ&annth‘ﬂg tRpesent
invention that utilizes a single plunger. Figure 7 is an el evati

sect i onalPREEH- of the occl uder mechani sm of fi gure 6- 15 Figure 8 is an

el evation sect I axi s Ao ure 9 is an
el evation sectllb%n glmwg émwelte%gﬁ sg{; W\% éﬁﬁz %%?ﬁ‘%c{eﬁi ﬁ@'ﬂ?"éogh Eifure 10
is an el evati cﬂ]g&eQQilﬁaﬂhleVAtﬁiﬂsE&Kﬁﬁj ﬂé»@@ﬂcén%r%&lﬁALﬁ oPighfediy € 6.

Fi gure 11 is an el evation sectional viewtaken a the DD axis of figure.

6. Filfure 12 iHgyeddas ﬂ%ﬂ&?ﬂtkﬂn@ﬁﬁwﬂﬂﬂwd@mﬁwm&}&ambeasfﬁ:guréR@ure 6

t aken alonga of fi ure6 Fi gyre ectlo V|ewof t he
upst r eam occl udé"rm%g Flaljggﬁreat'ém SREnaLyiew Li?f? 2¢i gure 14
is a di agram dfigite 2554 mwnt@ﬁ(s@étdﬁmemé&ntak&g%bw S'S ﬂ]i%,trglgo present
invention. 25 Figure 15 is a schematic of a val ve/ occl uder/ nger

arrangenent i fFigiEe dpdansehepatip of ¢ doalphingei arkrangenkent inacpmdamtwummt i on.

principles of the present invention,

15 Figure 27 is an operating profile diagram of a high volume infusion of the dual plunger

arrangement of figure 26.

Figure 28 is an operating profile diagram of a medium volume infusion of the dual
plunger arrangement of figure 26.

Figure 29 is an operating profile diagram of a low volume infusion of the dual plunger

20  arrangement of figure 26.

Figure 30 is an alternate embodiment of a fluid delivery mechanism made in
accordance with the principles of the present invention that utilizes a cam-actuated
mechanism,

Figure 31 is a cross-sectional view of the cam shaft of figure 30.

25 Figure 32a is an operating profile diagram of the occluder mechanism of ﬁgurc 30.

Figure 32b is an operating profile diagram of the occluder mechanism of figure 30
illustrating the relationship of a cam angular position with a position of an occluder and a

plunger.

Detailed Description of a Preferred Embodiment

30 Referring to figure 1, an example of a fluid delivery device in which the present

invention can be utilized is referred to generally as 210. While the example described herein is



Figure 16 is an operating profile diagram of the val ve/ occl uder/ pl unger
arrangenent of figure 15. Figure 17 is a schematic of an al tigrRatdi Y603
enbodi ment of a val ve/ occl uder/plunger 30 arrangenent in accordance with
t he princi t he present invention. 15 August 2003 WO 00/51670

PCTI US99/ 2 g@lsqéfmFi gure 18 is an operaséi ng profile di agramf&iyHarzoee

val ve/ occl uder/ pl unger arrangenent of lgure 17. Figure 19 is a schematic
of an alternative enbodi nent of a fluid delivery nechanism nade in -
accordance with the principles of the present invention that utilizes two
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Figurg 24 is icon tional,viewtaken along.the CC agxis of figure
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figure 2Qne flnididelieredtméchasdsh o6 Mbkae®vitRindHa map Wl@éﬁ?@ﬁlﬁﬂg B ! g‘l}e.
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accordance with the principles of the present invention. ure
an oper atfluiydelven mechapisg 2d mindtudss hitgie-adingehamel22Sintmivhiche tdbabs pl unger

arrangengnt, of figure 26, Figure,28.is an operaj| rofile diagramof a
medt urn vapied ey Be b6 1o T B A iyery RgePR aliodekir dulrhtbe

Fi gure 29oddingtfRamiper AbdodRitedNall Ihe fiti Papigtty Ghe hahiW MBIV BotSth Yi23,9 the
dual plunger = 20 arrangenent of figure 26 Figure 3 O 1s an alternate
embodP e issesiatgd withi aicaver 212 p top plate229m Misplesei on the bottotaphe 229 hret he
principles of the prese I nvention that utilizes a camactuated

nmechani srl;’ngceﬁ“&?lgc "fn}sgg}f ic}ﬁ\éogé‘-s%o&f,:@ PB A topinkie 2?7% opgfatighnpisosinte gur e
30. 25 Fivgth @c@daginfechinifReIft 28DaRNAbkhS nilcRs@N £ bhg occl uder nechani sm
of figure 30. Figure 32b is an operating profile diagram of the occl uder

mechani sm of fRefermag 30w th figust, an exgloddivieel afthopshp P1obf figwarm iadepitad.
position 'I\f\lﬁétprl}m% ﬁ%sfiugti'(grr}nc lTIde%rE]i p%g (illg((jilesli)oga%donathe cover 212, the pad 216 providing
15 keypad access to the pump 210. A window is provided in the pad 216 for a display 217. In
the preferred embodiment, the display 217 can be an LCD display. The pump 210 includes an
electronic control 230 for controlling the operation of the pump 210. An occluder mechanism
240 i1s disposed within the pump 210, the occluder mechanism 240 providing the means to
move a fluid through the tube 228, as described in detail below. A power supply 232 is also
20  disposed in the pump 210, the power supply 232 providing a source of power to operate the
pump 210. In the preferred ambulatory embodiment described herein, the power supply 232 is
a series of batteries. Included in the occluder mechanism 240 are solenoid valves 242,243,
244 and 245. The functions of the solenoid valves 242, 243, 244 and 245 are described in
more detail below.
25 Referring to figure 4, an exploded view of the pump 210 illustrating COMpOREnRts
internal to the pump 210. The pump 210 further includes occluders 252, 262 and plungers
272, 273. The function of occluders 252, 262 and plungers 272, 273 are described in further
detail below.
Referring now to figure 5, a schematic of a fluid delivery mechanism made in
30 accordance with the principles of the present invention is seen. A flexible fluid container 23 is

provided filled with a liquid and connected to the tube 28. The fluid container 23 is loaded



pl unger. Detailed Description of a Preferred Enbodi nent 30 Referring to
figure 1, an exanple of a fluid delivery device in which the 9 eseﬂﬁ003
invention can be utilized is referred to generally as 210. ﬁe

exanpl e d § @‘9 herein is 15 August 2003 WO 00/51670 5 PCTIU899/29436 an
arrbulator&§ R venous i nfusi on punp, the principles of the

i nvention can be applied to a nunber of different fluid delivery
environnments. The punp 210 includes a nmain body portion 214 and at | east
one fluid delivery mechani sm 216. The punp 210 al so includes a cover 212.
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posi tion. | east e fluid del Lver chani sm cated within the
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i ncludes a 6, di sposed on t co 12 t he pad. 216 providing
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di spl ay h{g&q{m
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within the p m g t he occl ?der mechani sm 240 i)row ding the nmeans to
move a f Feierged oy 3Uhm upHEea pesludeg 152 and theptherepcluder istrafierred éo emtheA power

supply 2 dijgposed in the punp 210, the power supply 232
provi di ng&hégﬁﬁ%ﬁé@%%v\er to operate the punp 210. In the preferred

anbul atory entibdipreoémaession bethehabel® resbheinpovepprodfmplely A3 ciois-s@tis@dli es
of batterl es. Included in the occluder nmechanji sm 240 are sol enoid val ves
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T R
210. Thestpipeptha bokus Ufbldmcf dé¢livetablbgser amitl sudke distinde o he phitigeP 73 RGBERer than
the bolus volume deliverable without the use of the pre-compression. Furthermore, the pre-
compression of the tube maintains the tube in a pre-stressed condition thus providing a force
to return the tube to the shape the tube accepted due to the pre-compression after the further
20 compression of the tube by the plunger has been released. Additionally, the pre-compression
prevents an over extension of the tube during the generation of a flow of a liquid through the
tube in a direction towards the source of the liquid. Each of these aspects of the pre-
compression are explained in further detail below.
The largest bolus volume achievable may be described by the following equation:
25 : Vi = (VJ/TH(NJ/T)
= V¢/N_; where,
V3, = bolus volume;
V4 = lowest flow rate-delivered volume;
T = time over which the bolus volume is delivered; and

30 N; = number of delivery cycles.



272, 273. The function of occluders 252, 262 and plungers 272, 273 are
described in further detail below Referring nowto figure 35,3,5¢ tic
of a fluid delivery mechanism made in 30 accordance with the pri Rci pl es of
t he preseniyd ion is seen. A flexible fluid container 23 | rovi ded
filled wt dad?’rsﬁ%)i d and connected to the tube 28. The fl ui }égg‘ﬁ‘??%gﬁﬂ) 23
is | oaded 15 August 2003 WO 00/51670 PCT1US99/29436 6 into a chanber in
the fluid delivery device (not shown). In one enbodi nent, the container 23
may be optionally placed between a fixed plate 22 and an infl atabl e bl adder
24. On the outYiltigeneelydsairabisrthat thebendingtadiars that the tube realizes as26reidt of the

provi ded._ Tt rai 26 is, to . linmt t inflatjon of the
bl adder - iAo SRR S bERedd 34 Pkl ooy nd Bpit hilfssntan B i 5
i nfl at i onminfthize Mherstbeses 2dalizetbptheautd dlirthpahé PRL &SnSBaMRAShat MPLLDE tube 28
is loaded in the fluid delivery device, a segnent of the tube 28 1s pre-
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pr e- cenpr : sithon. Two occluders 1. 52, 162 are
provi ded s\?\n[%t%%%(l)s%%cg%f{e}%gﬂ%%h}eﬂ%ﬁ"?cﬁﬁsftog ‘ﬁﬁger 73 to pinch-off the tube 28.

A netering chanber is disgosedphgtvewy, tWRer@ccl uders 10 152, 162. The
occluder that is located on the fluid container 23 side of the plunger 73
is referred to as the upbtsr Eamémemstioke ds@anemd t he ot her occluder is
referred to as the downgiream.occl uder re-cormlressi on of the

al 162. .Th
tube 28 results in an appreki ARPETSM Side é%?%ﬁ‘gfég?f‘@ﬁéq shape for an

ot herwi se round tube. Thw, prenaeiingsall ecialess bEtht wg al so produces a
partial 15 vacuumin _the tube. By pre-conpréssing the tube into an

appr d%i mat el y Biedheqretica balus vplymel cag hadefinadras afohationwodithenmbel ddrigtiercaitiing  per

unit str i e, plunger 73 is-greater, than the bqglus vol une
del i ver ag’llégy%nt% hggﬁsﬁ% ;}d@ &% S‘ir%’én 8?@9(135?%}‘1‘:@5 ?‘6?’? HAGLEHAY the diametsie pre-
conpr essichang dukisg tHehilivay raﬂfaiertﬁ)mmmmeAbébraingry?ﬂétbeﬁz%%ﬂm?@x%ij béon thus
providing a force_ to return the tube to the shapé the tube accepted due to

the pre- d§Apsbassole™sfter the further 20 conpression of the tube by the
pl unger has been rel eas -=§ﬂcﬂ '_oqﬁlel y, the pre-conpression prevents an
over extension of the tub® duriny e generation of a flow of a liquid
throagh the tube in a directvoa thdMslasholide source of the liquid. Each.of
t hese aspects of the pre- conpression are explained in further detail
bel ow. The | argest bolus volu = shehorgingd velummyofithe thbeicr i bed by t he
follow ng equation: 25 Vb = {,r\/ d 4hD¢oﬁL|l\ln(1:é (-)rt) fluid }/gr{ull\llgihg%t?lget}dbe after the bolus
volume is delivered.
V. may be calculated as follows:
20 V, =V, + Vg where
V, = the volume of an oval’s arc having an arc diameter D,

V, = nPy(D./2)’

= P {(D/2)(D,/2)]

=nP[D,’/4]; where

25 Py = the plunger length;
V¢ = the volume of an oval’s flat segment having a length L,
V= D,LPy; where
D, =1D - §;; where
. ID = the inside diameter of the tube; and

30 S: = the stroke distance of the plunger;
Le=(Ci-1.)2



Vb = bolus volunme; vd = lowest flow rate-delivered volune; T = tine over

whi ch the bolus volume is delivered; and 30 Nc = nunber of Cf§|Aiuvert¥003
cycles. 15 August 2003 WO 00/ 51670 PCTIUS99/29436 7 It is genérally

desirabl e Whgbokfeen bendi ng radius that the tube realizes as @ rrﬁ{:ﬁdb/twﬁfs t he
pre-conpression should be equal to or ggeater than the wall tﬁi ckness™of

the tube. This is to mnimze the stresses realized by the tube during the
pre-conpression that may cause a reduction in the flexural nodulus of the
tube. Applying this radius limtation, the maxi num 5 stroke di stance of
the plunger is defined as fol l-ows: StTH%IR) +aPR}2 2Wrax; where Stmax =
maxi mum stroke distance; IDmn = nmnin | nNSi gl1 ter of the tube; and
Wrax = maxi mum wal I thi ckness of the %—fd re¥eor etical bol us vol ume
can be defined as a function of the tupgsj/engideresiding between the
upstream and downstream occl uders and the tube dianeter as the dianeter
changes during the delivery of the bol uLivolhamside/imamiénenteyof théieublep! us
vol u may be defined as fol Lpws: iﬁ’eﬁ% 25 30 Vb = V. - V=; where Vb = the
bol us Vol unme; V. = the originadl*v P f the tube; V1 = the volune of
- fluid remaining in the tube afte_;ﬁ, le 2volune is delivered. Vr may be
calculated as follows: V1 = Va + Vi~ “wher a = the volune of an oval's arc

having an arc dianeter Da; V. = #PHIIDa/8)@D= SHP4{ (Da/2)(Da/2)]
= xPL{[ID" - 2IDS, + S2}/4}:
Ve=D,L&PL
10 =P f(ID - S)( ©S)/2]
= nPL[(D - SH(5/2)]
= 1P, [IDS, — S)/2]
= 7P {(2IDS, — 25°)/4};
V=V, +V;
15 = 7P, {[ID” — 2IDS, + S,"J/4} + =P {2IDS, — 25t,)/4}
= P {[(ID” - 2IDS, + St*) + (2IDS, - 28t))}/4}.
Combining the terms developed above provides:
Ve=V,-V,
=P {ID*/4] - nP {[ID* - $})/4}
20 = nP {[ID*/4] - [(ID* ~ §.%/4])
=P [ID* - ID” - §.*)/4]
=P S /4.
Thus it can be seen that because of the pre-compression, by which the tube assumes an
approximately oval shape, the bolus volume does not depend on the magnitude of the inside
25  diameter of the tube. Also, because the shape of the tube changes from round to oval, the
bolus volume does not change linearly with respect to the plunger stroke distance.
When the plunger 73 pushes on the tube 28, for a fixed stroke distance the bolus
volume delivered will less when starting with a round tube as compared to the case where an
oval-shaped tube 28 is used at the start of the plunger 73 stroke. But because the stroke

30  distance is fixed, the energy consumed in moving the plunger over the stroke distance will be



7t PL[ Da2/ 4] ; where PL = the plunger length; Vf= the volunme of an oval's
flat segment having a length Lf Vi= DaTLfPL; where Da = ID y53L; We | D
e

= the inside dianmeter of the tube; and S, = the stroke di stanceg‘f)S

| unger; L, =0 - La)/2 15 August 2003 WD 00151670 PCTI US99/29436 8 =
F(nl%) : (%"Ba".“%ﬁ’ﬂ = [2rmD - n (ID-St)J/2 = (iSt)/2; wher E<EV%PE0
inside circunference of the tube; 5 V,” = nPL(Dj/2)2 7CPL[(ID - St)/2]2
7tPL{[(ID- St)(ID- St)]/4} = *PL([ID -- 21D S, + St]/4); Vi = DaL+PL
10 = PL[(ID -- St)( 7rSt)/2] =nPL[(ID- St)(St/2)] = nPL[IDSL - St)/2] =
RPL[ ( 21 DSthe sarstegaifess of/fhe gtartifig twbe shappl The@ore, RieRSmiprStsel/tid tube 2BLE DS

- } . = .- 21DSt. + .St | DSt . - t2)]/4). . Conbining the
Lorm. do BIen SRSV PG Bamishion D throueh thaotubp 88t & Eiveh bplup ORI
Stell4)  RhertktpRidgel TDidlitirav fbRGushinSbRi tbe 287 BEr 73 lsggiﬁﬁdr%ﬁ] /4]

1
= nPLSt/4. Thus it can be seen that because of the pre-compressi
whi ch t hesa thitdheprergampragsion of the tube 28 is restored. Accordingly, the tube 28 is

5  decompressed to a second non-relaxed position. -

s,

Figures 6 through 13 depict an embodiment of an occluder mechanism 40 made in
accordance with the principles of the present-invention. Figure 6 is a plan sectional view of
the occluder mechanism 40. Figure 7 is an elevation sectional view of the occluder mechanism
40. | ,

10 The upstream occluder 152 and the downstream occluder 162 are both spring loaded
to bias the occluders 152, 162 to a closed position. The plunger 73 is spring loaded to bias the
plunger 73 to an open position. The occluders 152, 162 and the plunger 73 are each
connected to pneumatic cylinders, which are operated by compressed air and controlled by a
controller (not shown). Each pneumatic cylinder associated with occluders 152, 162 is

15 - preferably controlled by a 3-way solenoid valve 43, 45, and the pneumatic cylinder associated
with the plunger 73 is preferably controlled by a solenoid valve 42. The two solenoid valves
42, 44 may be used to control the pneumatic cylinder associated with the plunger 73,
depending on the pneumatic design and the controiled operating sequences of the occluder
mechanism 40.

20 To ensure the tube 28 is opened and ready for delivery, the downstream occluder 162
‘is open prior to the plunger 73 moving towards a closed position. To prevent back flow, the
downstream occluder 162 also is closed before the plunger 73 returns to an open position.

The upstream occluder 152 is not opened during the downstream occluder open period. This
method of operating sequences is designed to prevent free-flow of the fluid.

25 The upstream and downstream occluders 152, 162 are mechanical valves that open and
close the fluid path between the container 23, the metering chamber, and the distal end of the
tube 28. The upstream and downstream occluders 152, 162 also allow liquid to fill the
metering chamber and escape from the metering chamber without free-flow or back-flow of
the liquid.

30 The ﬁpstream and downstream occluders 152, 162 are normally closed. The upstream

and downstream occluders 152, 162 pinch-off the tube 28 by a force of preferably about 2.5 _



approxi mately oval shape, the bolus volunme does not depend on the magnitude
of the inside 25 dianeter of the tube. Al so, because the sth%no%t? t ube
changes fromround to oval, the bolus volunme does not change [inear W th
respect t nger stroke distance. When the plunger 73 hes_on the
t ube 28, ﬁgéagsp#ged stroke di stance t bol us vol une deliv%$§@3%7¥mmﬁess
when starting with a round tube as conpared to the case where an

oval -shaped tube 28 is used at the start of the plunger 73 stroke. But —
because the stroke 30 distance is fixed, the energy consuned in noving the
pl unger ®eunds gracrafeddpethgipse-losded spring. JRoth3he\upiecanOE3loWDsBEB b6FAGders

PCT/ US99 4 h regardl es f the. starting tub ape.

Ther ef or é %?p&?- %rg r?%srignse??s%h?wge P lrjea@aggﬁpéggf@gce G Qegggxs ﬁe% PESIRadaDt i on
in pushi Bgridgd foirek shBLRIUS sERRert 45 QUGS thObcudiry 852, NGRS pith WiELe niffiesk t he

pl unger 73 is withdrawn from pushing on the tube 28, the plunger 73 Is.

wi t hdrawn  so Fhis@fungre7pisedesignpd ass mowingfplatedo ppply f&sus andabt arbe®8, The

e e S R 3 e S B s,
mechani s ghidBleMERkIS of 36K GANE CTHE phatd ‘mai_swpitiB]gMBJ @o%ﬁ@?ep E&?ﬂ@%ﬁé@ﬂ&f

invention. Figure 6 is a plan sectional view o t he occl uder ani sm 40.
Fi gur e -7<channghthey epesativisly reegvésahaplungenyof Théplatec?d ardithe phmpanisae 40 10

The upstream occl.uder, 152 and t he downstream occl uder 162 are both spring
| oaded PBSiﬁ%’%egcmngbec?c(f Emfg%m%mga‘to a closed position. The plunger 73

i's spring | oaqd@ewig, BieasccldiRr nRbhAA 40 3arf Be B6hsARERIRPILR N oFBﬂlgg(rs\@aH%er S

152, 162 and the plunger 73 are each connected to pneumatic cylin

whi chO ar enatgset- aTkgiodojudso mpchadsnl 46 iy camsgucted twith thest fngumaticoplindeds! er (not
shown) . Eachéﬁr}gﬁmt'hc cgll.nde associ at ed gith occl.uders 152, 162 is 15

pr ef er abfORSRFFLfTHe gheratian QEthe Upptocatn and, dpyastzeam oesludsrsdl 52, 462 ard thét i ¢
cyli nder pras@cIRi@gh ofithdpidimait CPtiRfers AsbSatel $FHil @B luéstgéaﬂlt 4 doiohsB¥a

sol enoid valve 42. The two solenoid valves 42, 44 may be used to control

t he pneuneclidersy$3, riderrassuettat eitedt to drhie-lmesolpaoidialve. dtpehdigag 7D t he
pneumati ¢ deg}fgr% ap@ t he coi\}trol | ed,operati ng sequences of the occl uder
nmechani sfTH§ 48t 1oAY A0 141Be fRIERP'9ElVE opened and ready for delivery, the

d i - j . 7 A t ds .
OWNg4 r eam oCE et plddntsiaf eﬂﬁ@ﬂﬂorﬁécﬂ&n&l eretvpgf e Ye8kber e ?&g@?&oltg%\@n; S .a

cl osed position. To prevent bac ow, the ownstream occC | so is
cl osed belbog exis e Apifiigges 6.7 The epsireasn occhater P2 is ghosintin @rtlosed POsitiphs hidofhan

et hod- oPBRY 2t NG e8G Smbls 1 SOGiGTsEl. (s BUBHEaT o ond e
fluid. plunger 73 are both shown in an opened position. The position of the solenoid vaive 42,
operatively associated with the plunger 73 is shown.
20 Figure 9 is an elevation sectional view taken along the B-B axis of figure 6. The inlet
pneumatic connection 47 between the solenoid valve 42 and the plunger 73 is illustrated.
Figure 10 is an elevation sectional view taken along the C-C axis of figure 6. The
location of the pneumatic connection from the solenoid valve 43, and from the solenoid valve
45, to the upstream occluder 152 and the downstream occluder 162, respectively, can be seen.
25 Figure 11 is an elevation sectional view taken alo;lg the D-D axis of figure 6. The
outlet pneumatic connection 82 between the solenoid valve 42 and the plunger 73 is
illustrated.
Figures 12 and 13 illustrate elevation sectional views of the downstream and upstream
occluders 162, 152, respectively. Figure 12 is a section taken along axis E-E of figure 6,
30 whereas ﬁgufe 10 is a section taken along axis F-F of figure 6. In figure 12, the upstream



25 The upstream and downstream occl uders 152, 162 are nechani cal val ves
that open and close the fluid path between the contai ner 23,15%9%?p%@ri ng
chanber, and the distal end of the tube 28. The upstream and doWwnstream
occl uders #%%H/ %%é also allow liquid to fill the nmetering chanber and
escape from-t 2%t eri ng chanber with?nllli) free-fl ow or back- AP 2943pe

| iquid. 30 The upstream and downstrea ccluders 152, 162 are normally

cl osed. The upstream and downstream occluders 152, 162 pinch-off the tube
28 by a force of preferably about 2.5 15 August 2003 WD 00/ 51670

PCTI US99/ @gidér cah(bepoemits: desed ipatition pinching-off se etatEs] Fyfidure 73 Bath t he

upstream and downstream gcclyders 152, 162 are designed so that the
pre-| oade@"%ﬂ’%%?%@ lggﬁ‘ wIdR 88 caered pogitise- | oaded spring force:

shoul d be suf finGingRimbb@in®ht awghv&tieﬁa'cumﬁg&%gngfavaﬁ%etaﬂ Bshof £ the tube

28. The plunger 73 is designed as a novi n e 10 applsy B e8P B5EHO% he

tube 28. prhedsalpbitigeir pressypedbrthalobyiudadeschbiniah it ahdrthe Bladeroah Aledigitely

- materials, both netals ay;‘gelﬁ)l 3sti cs, are suitable materials of _
const Puct FGAT CPRIPTHF A B 564 D Payifa APIEsHS inLthe #ladder b and apecasd air

. channel dhatesoRaha} b t& FloR r The.pl.at .75, and .t he
pl unger 73@&3 positioned a/l '?Héﬁa%té{ggsggcqé{} chgr%g% rzi]rmﬁg%lgrfui'Bmei‘%B ffgléY o he
occl uder avewhgpnesson @8y alsmbdresedonst ruct ed of al umi num or ot her suitable 10

material. The occl uder ms%hani sm 40 is constructed with three pneumatic
cylinders i nc&%‘?ﬁ%@a‘”ftﬁ Bk 4o p diagfam AL & Systera iniperordanne wiidk tho prisdipleson

" occl udert'ge é(n%tggﬁt I nf@iids SO8. 'I@\L:ﬁ?%grﬁ uZi?Zeslaatﬁnd %I)ﬁl\hg%?cgrrh%g ', tpi_?grflg é-lfpid?PYd:’? 5 S

associ at e e upstream an ownstream o0OCC

connd6t egroNidesqioiver toa aalvé corltioh85 s TheRalve coatrMe S OneroR 1Ma&der C3nirs] valve
- connect e?? tg_ aﬁ%lqgast one in-line solenoid valve. 15 Fi g;re 8 presents an
el evat i ortls B¢ bRdEET cantrgl v Heprovides aepprieaser 4 tortha bladdereid, whiichrig nami s A- A

of figur ,&ses%%nlﬂﬁéécfn%@r%(iﬁ%%h J—?&xn&{%{z‘ﬁe}gﬂgggﬁl g} osed position and

t he plunger Is ltkewmse showmm1n ac n.” The downstream

occl uder 162 dihe poher sypplyrigealso/frozides powbr Bhoyshtiol 33An@Re ARG RGREGHO. The
posi ti Oné‘fi;ﬁ the sql enoid valve 42, _operatively associated with the plunger

73 is sh 9012‘60‘#-5%90(9?‘@0'9 thescomppressey 39 pend toaeneratrafluid ipesssuralte e atopertjintane B- B

axi s19f fahe Stofa 44l F%g%{mtﬁ' i 47, bet n the solenoid
val ve 42 ang t he ggﬁgrg(ge? % eing I uskggﬁgg ?eaﬂéwgg?rem&eﬁmftgg‘gﬂp%rlaﬂ%?é B
sect i onalcompessar d@ethusbangripeth€powaxsupphf 37, | BUhe pfeferfdifehBsdnban fadd e
pneumati ¢ conpecti on g:{ém the sol enojd valve 43, and fromthe sof enoi d

val ve 48 &% ol hafonfrgh a%%&qﬁwb?ptml sobrnoidepikroamkhald sivewe3s.uliee 162,
respect i \@kyoid SFike Bfd RAE Bircuit 36 controls the solenoids that control the occluder mechanism

40. In the absence of the spike and hold circuit 36 the control 33 directly controls the
20 occluder mechanism 40. The control 33 controls the solenoid spike and hold circuit 36. The
compressed air is distributed from the energy storage tank 37 to the occluder mechanism 40,
including the upstream occluder 152 and the downstream occluder 162, the plunger 73, and
the bladder 24. The operation of the solenoid valves is further described below.
The energy storage tank 37 is preferably constructed of about 0.3175 em (0.125 inch)
25 thick welded aluminum with a capacity of about 315 cm® (19.2 cubic inches). However, other
materials and methods of construction and other sizes may be used. The energy storage tank
37 must be constructed to safely contain the air pressure necessary to operate the bladder 24,
the upstream and downstream occluders 152, 162, and the plungers 73. The pressure may
range from about 1 psig (gage pressure) to about 50 psig and preferably from about 3 psig to
30  about 15 psig. The size of the energy storage tank 37 and the air pressure can be selected to

minimize the run time of the air compressor and thus conserve energy. The upstream and



25 Figure 11 is an elevation sectional view taken along the D-D axis of
figure 6. The outlet pneumatic connection 82 between the sol ¢n iugusﬁdo\ﬁe 42
and the plunger 73 is illustrated. Figures 12 and 13 illustrate®elevati on
sectional YifNss8f the downstream and stream occluders 16

respectively. Figure 12 is a section taken along axis E-E of %FiTé%rggézgé?ﬁ 30
whereas figure 10 is a section taken along axis F-F of figure 6. In figure

12, the ghRghdtiRam okeludeIEs2, 28D RillVE2RPABT} 656ralRGH{dIDIIuE 9h3 aid pre@fifeé WARE CanN

be seen in a closedposition pinching-of F the tube 28. In figure 13, the
downst r eangoefaheser peEpto aboyhblapsig,rwhareasiba bladgersi4 willpreferabiyiepesatoadiderent |

a conventionagl commercially.avail a aj L _conpressor. s used to provide
211 of CcHheuhd s ralt it Aiates el ol 2 REBTR AP AR End " he bl adder 24.
Alternately As@meprdksuré RNBE 68GEY stoPagcienitiSPArdps birlowa féhidiufn £t Pemkrg t O
t he bl adder-24, and a second air conpressor may be used to provide air

pr essur edetermined lice prasayre iapsiuses@orshown)ghatriapart pf g conirel Thiihe eawseel 3day

al so be used. Referring now figure 14 a di agra . a_syst i.n

coor dartidvics e pprediin e do it A e Snbral uftoBR 1B 1 ifrrlledlh ¥ pppgure
syst em Uhithé é@gg@stbtdictafioBPES fAkindn plesREvas d&@ﬂﬂn&d@a séébndIR¥dsaies power
to a valve control 35. The valve control 35 controls a bl adder control

val ve 3iltranfucds] Jheeressoreirenge defing@by thepted poidtssoidberpiessysetiangducers i dadled

bl adder 24, whi.ch in turn {Rr esses upon the container 23 to create a source
of pressUPCPEFIPE BIAST AN B S er supply 32 al so provides power to a control

33 afif to theTROPRERFE M theDladEBE2FRMbMHordBbES Prdsales t@mue@fm{de&ﬁ%néﬁbfsed
to generate fluid pressure to be stored i'n an 15 energy storage tank 7.

The enerthy conwelaife Thakir pesairt ovibe bladden2eisniltimetely appliadaor the fofid céngainer

. th ' | . lp.th ferred. .
crbod: mend, Tt aterites (i hegotemer 1 aled 7 1R 26 4 b HFctbeR S5 e e
sol enoi desHpdik& BN Aredid if tHeWkiddeBPs dddiBases B £ NI prdkiee sanpbilChdeiifddtiyt 36

controls the sol enoids that control the occluder nmechanism 40. In the
absence ofranddecgpiiahanpoihipkie controlid 3 wilbadtivetecosnlergiid Bdvetior dbot goropmssed| s

th | . ' 0., Th tral 33 trol h | d I K
and ol GHEl B S ENE BBt i Bedanae fho 4 weGTHT BubebifasTaCHEN enifes”
storage fatdarddet pOink ARt MGl $§ihd BERAIRE &ahHlcer it RGCHA NhehNRe BhRE g?h%é

occl uder” 152 and t he downstream occl uder 162, the plunger 73, and
bl adder @Aivateh¢hecspdanmid valvofo shheofand nwmilate viad pressursbdtwednithe ederpy sidragt

bel ow. The er st,or. tank 37 is preferably constructed of about 0.3175
cm (0. 12@“¥§gﬁfg¥%blﬁ‘ﬂ$%%4mel ded alum numw th a capacity of about 315 cnB

(19.2 cubic i f0ENnoiliIRUREESre, Bk RRImple, available from PACKER CORPORATION. The
20  solenoid valves will preferably have an operating voltage of about 1 volt to 12 volts DC, a
power consumption of about 50 miliiwatts to about 1000 milliwatts, and a response time of
about 1 milliseconds to about 1000 milliseconds. The flow rate through solenocid valves is
about 0.25 mL/minute (6.6 x 10~ gallon/minute ) to about 1000 mL/minute (0.26
gallon/minute}. The solenoid valve used to control the pressure in the bladder has an
25  operating voltage of 4 volts DC and a power consumption of about 500 milliwatts.
| A microprocessor 36, included in the control 33, includes a plurality of independent
programs. The microprocessor 36 may also include a plurality of microprocessors. One
program controls the bladder 24, and the other program controls the occluder mechanism 40.
It is known that the more the bladder 24 is expanded, the less efficiently the bladder 24
30 transfers energy to the container 23. Therefore, the program contained in the microprocessor

is designed so that the pressure set point of the bladder 24 will be increased by a certain



materials and methods of construction and other sizes may be used. The
energy storage tank 37 nmust be constructed to safely contaips %n%.lsﬁﬁdm
pressure necessary to operate the bladder 24, the upstream an ownstream
occluders §aZeansifhy and the plungers 73. The pressure may range 91‘9r(9)m about
1 psig (gage pressure) to about 50 psig.and preferably from G‘ﬁélg to
30 about 15 psig. The size of the energv storage tank 37 and the air
pressure can be selected to mnimze the run time of the air conpresser
‘and thus conserve energy. The upstream and 15 August 2003 12 WO 00/51670
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this time if liquid is allowed to escape from the container 23, the leak test will fail and an alarm
20 may tun on. If no leak is found, the program will indicate a ready signal by emitting a low-
high buzzer. Next, the program will check for user input, preferably in the form of a
password, from the user interface 38. From the time the power is switched on, the program
will periodically activate the sequence described above if no password is received. If during
this sequence the air pressure falls below any of the set-points, the microprocessor will turn on
25  the air compressor 39. Additional prdgrams may be used.

The user interface 38 includes three functions: a programming panel, an LCD display,
and an IR communication port. The programming panel includes a keypad that is used to
program, for example, the flow rates, bolus volumes, the number of doses, the volume to be
infused, the time of delivery, the status of the fluid delivery device, and/or the pressure to be

30 applied to the upstream and downstream occluders 152, 162. The keypad can may also be

used to program a sequence of operations for the occluder mechanism 40. Each key press is .
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20 The 1.CD display provides a visual output of the programmed parameters of the fluid
delivery. For example, when used as an infusion pump, the LCD displays bolus volume, flow
rate, and status, and also displays a current cumulate volume of liquid delivered to a patient.
The current cumulative volume is determined based on the number of times a bolus volume
has been delivered to a patient. ‘

25 The IR communications port examines and/or modifies the fluid delivery device
operating parameters, including the timing of the delivery of a bolus volume, the bolus volume,
and the operating pressure parameters. A program displays a menu of parameters along with
the current settings when the power of the fluid delivery device is switched on or whenever a
user requests such a display through the user interface 38. The operating parameters are kept

30 man erasabie programmable read only memory (EPROM) and any changes made are

persistent.
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40 at 1204.8 cycles per hour, or 3600 seconds, the occluder mechanism 40 will perform one
20 cycle within 2.988 seconds. Accordingly, the delivery time schedule can be calculated.
Referring to figure 15, a schematic of an arrangement utilizing three solenoid valves
with a single plunger, for use in the occluder mechanism 40, is shown. The solenoid valve 43
is used to control the upstream occluder 152, the solenoid valve 45 is used to control the
downstream occluder 162, and the solenoid valve 42 is used to control the plunger 73.

25 Referring now to figure 16, an operating profile of the occluder mechanism 40 utilizing
the arrangement of figure 15 is presented. The solenoid valve 45 is energized, and common
and normally closed ports are connected allowing air pressure to enter the pneumatic cylinder
of the downstream occluder 162, thus pushing against the pre-loaded spring force to open the
downstream occluder 162. This action allows the liquid to escape the metering chamber when

30  the plunger 73 pushes on the tube 28. The downstream occluder 162 remains opened (the

solenoid valve 45 remains energized) during the plunger 73 forward movement and until the
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25 Ref er FierRfeHBYPE &YIIdgueishe gpstasmbpesiuder 1§2.9hus prehing aceinet de prerdtbaded
nechani s Qﬁrﬁ% #3kde! tb OpBH the upstream occluder 152. This action allows the liquid to escape back

to the fluid source through the upstream occluder 152, thus flushing back, which in turn will
20  re-open a pinched-off area in the tube 28 created by the upstream occluder 152.

After the flush-back cycle, while the upstream occluder 152 is still open, both the
solenoid valve 42 is de-energized. Common and normally opened ports are connected
allowing air to vent from the pneumatic cylinder of the plunger 73. At this point, the pre-
loaded spring of the plunger 73 appligs a force to push the plunger 73 open, thus relieving the

25  tube 28 and creating a suction force to draw the liquid from the container 23 to fill the
metering chamber.

After the time period (a/h), the solenoid 43 is de-energized, and common and normally
opened ports are connected to vent the pneumatic cylinder of the upstream occluder 152, At
this point, thg pre-loaded spring of the upstream occluder 152 applies a force to pinch-off the

30 tube 28 at the upstream occluder 152 and the control 33 switches into the waiting mode for

the remaining scheduled time before waking-up to perform the next delivery cycle. Once
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the plunger forward for the time period (d). The time period (d - ¢) is designed to allow
20 enough open time for the solenoid valve 42 such that sufficient air pressure is built-up inside
the pneumatic cylinder of the plunger 73. Then the solenoid 44 is de-energized. At this point,
the plunger 73 reaches the end of its stroke and remains in this forward position.
After the solenoid valve 42 is de-energized for the time period (e), the solenoid valve
45 is de-energized, common and normally opened ports are connected to vent the pneumatic
25  cylinder associated with the downstream occluder 162. AI: this point, the pre-load spring of
the downstream occluder 162 will apply a force to pinch-off the tube 28 at the downstream
occluder 162. The time period (e) is designed as a variable to define the amount of time the
downstream occluder 162 is in the open position; this variable can be eliminated if a value for
the time the downstream occluder 162 is in the open position is established.

30 After the solenoid valve 45 is de-energized for the time period (f), the solenoid valve

43 is energized, and common and normally closed ports are connected allowing air pressure to
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Referring now to figure 19, a schematic of an alternative embodiment of a fluid
20 delivery mechanism made in accordance with the principles of the present invention is seen in
which a duel plunger arrangement is utilized. Consistent with the description of the related
embodiment depicted in figures 5 through 18, where possible like numbers are used to identify
like elements. When the tube 28 is loaded in the fluid delivery device, a segment of the tube
28 1s pre-compressed between a first fixed plate 75 and a first plunger 72 while a further
25  segment of the tube 28 is pre-compressed between 2 secdnd fixed plate 76 and a second
plunger 73. The first fixed plate 75 and the second fixed plate 76 fnay be portions of one
continuous plate. Two occluders 152, 162 are provided with one on each side of the plungers

72, 73 to pinch-off the tube 28. A metering chamber is disposed between the two occluders
152, 162,



the downstream occluder 162 will apply a force to pinch-off the tube 28 at
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valve 43 is energized, and conmon and normally cl osed ports are connetted
allowng air pressure to 15 August 2003 WO 00/51670 PCTI US99/ 29436 18
enter the pneukiguies 26ythiongle?s dépicttbe alpsnatdemndodinshe of #20cclddes mptshishg

agai nst t rce to t tream occl uder 152. This
action alﬁﬁg’g%rﬁg%ﬁgh’&fﬁlg% sf?ﬁf‘%rt‘ai?ﬁﬁ %gf]?g%&i é‘??cb?fés%l“gn§@lf57%1 is

returns tg a&aqaﬁ@eamwlaﬁofﬂie%caaaérrrﬁ@dmaﬁhmder 152 renai ns opened for

the a time period to ensure that fluid conpletely fills the netering 5

chanber. The tThtzeumféxreﬁmdm(:lﬂglen 1$2ded itipndaistreamswcledehist2 drbbothospring el

I 162 I t f. th t | ud 152 Th
oot end: o 0 g portsn She Bhapde JhaT LA bt Slne 1A TS RBoPETBOSIE R |
val ve 43 deeiudeRersei 168andohe ﬁ%@%ﬁzaﬁﬂaﬂé@ﬁ@édr&e&k@?@?ﬂ a{tﬁ ﬂﬁdé}%%ﬁ ed

allowing air to vent fromt pneumati c cylinder o

t hi s poi rere op¢ratedriy- dogweessgt dingEash ﬁnhmnpﬂlmqgmderkSsmdtéd ib&hmelbdérhesml ger
73 back t.0o a ti,on,. relieving the and creating a suction
force to 'ﬁpﬁrﬁﬁﬁﬁpgwﬂe&hﬁaﬁéw‘%ﬁ? A ?’3]2'34{’ ‘Psf A ﬂl"ﬁ@"’rﬁt‘%ﬁaﬁgcﬂﬁd%‘er

The upst rRMBiatef GEtdRS plhipers BIBHNS i%?é}aﬂ EOMtrdife8 b sbl Lpy ensure
that fluid conpletely lf) gt he e erlng c rr(i) §Sﬁe 1&9%%;% ?h@nt of the

flui dOdelrcsr@r:srvedhevAmnuelpikﬂw inchudies gmespmzeaudm,&pnaofslm dpératiéd ofhe back
operatio S po t | ui d flush-bac operatlo fluid is pushed

t hr ough tsl% @‘B‘Z b‘?igc%‘qL %ﬁa’hb"sm{cﬁ%pr%ﬁF 23 onay welude giplprality afhi s way, the
force of rﬂl@fbp%éb%ﬁbrpa"ike FABIGPanduRFbilof of BicARRIOPS A WS FOLLARSES, T Ube
28. The flush-back is functional so long as there Is sone ain the
tube 28. tReprsseritregboedimenbisfsinglar ¢o 1@, fuactenhedwptmtiof ofithesd t@fipichisas

enbodi nmen of ? | uid 20 delivery mechani sm nade in accordance with the
pri nci pl il ﬁ?esent invention is seen in which a duel plunger

embod mont. d'eZ?*?:‘Ede‘*é“? ot s (ot SaD RSB I Rt a7
are used stroke distanicé ¢f the iplmgerds FRp¥i. sAssmamdt\hﬂl tiulpeesﬁ&rel teanisdage dn haditital
a first PP S dne & vt Br shetl horlpsaTa Tur (Herdsmsbonent - of
the tube s3Rnbid R6GUE HERAEHIRY op%é’iﬁ?g‘arﬂ 365 e LERhE B A Forf SnPRudangcond
cylinders. The pressure transducer provides an output signal proportional to the pressure in
20 each of the pneumatic cylinders. The output signal is sensed by control 33. The control 33
controls the opening and the closing of the solenoid valves 42, 44 and the additional solenoid
valves associated with each plunger. Thus, the solenoid valves 42, 44 and the additional
solenoid valves can be opened and closed to incrementally pressure or vent the pneumatic
cylinders and thereby control the stroke of the plungers 72, 73.
25 To ensure the tube 28 is opened and ready for deli-very, the downstream occluder 162
is open prior to the plungers 72, 73 moving toward a closed position. To prevent back flow,
the downstream occluder 162 also is closed before the plungers 72, 73 return to an open
position. The upstream occluder 152 is not opened during the downstream occluder open
period. This method of operating sequences is designed to prevent free-flow of the liquid.
30 The ﬁpstream and downstream occluders 152, 162 are mechanical valves as described

above. The design, manufacture and function provided by the occluders 152, 162 in the



plunger 73 _ The first fixed plate 75 and the second fixed plate 76 may be
portions of one continuous plate. Two occluders 152, 162 args gﬁék%ﬁﬁ wth
one on each side of the plungers 72, 73 to pinch-off the tube :

nmeteri ng ahemnbers7a s di sposed between the two occiuders 152, pdfRgoskhsfugust
2003 WO 00/51670 19 PCT/ US99129436 Fi gypes 20 through 25 depict the

al ternative enbodi nent of the occluder nmechanism 40 of figure 19. Figure
20 is a plan sectional view of the occluder nechanism40. Figure 21 is  an

el evation sectiqgnal view of. the occluder .nechani sm_40. The upstream
occl uder pi%sﬁma‘ﬁ'g’ogﬁ’ée"(ﬁWﬁsbe‘a‘h“’b‘g‘cﬁ‘ﬁg‘éﬁmﬁfﬁ?“ g‘?‘é"ebc'rp!? RIBRgSIy 03RS 5 to a

| osed p@aijbi eSHY 4
close pgﬁ%&%s I\ indPpIERE €6 §p;¥lg gre?sgur@ro‘ﬁ tHQFanSZg %s@g?ﬂ@%ie%?ggegxgﬁoqﬁﬁ@ly,

posi tion. occluders 152, 1 and the plu
connect ethe desppremamtfacursydnidfiection wvided batie pipegat §d, BY ictheprassed air.

Each pneumatic cylinder associ.ated with occluders 152, 162 is preferably
control | 8&389'"5’“ Is pRpSIERE IR Hhedaserapups abgke. and the two pneumatic

cylingers assggialigferthddhahibf 43 Egng{t@l_ck%’ud?t?fﬁfrei)nggl?\faﬁ%gﬁirﬁeﬁqg%r O(')rlg{%g by

sol enoid val ves 42, 44, 10 respectiv A control 1 I'nclu

m cr opr ofesthe bpd6tioafithe apstr¢dne anpéswhsteamodccidders b3Hl, 46Qiadd visd pMesged272,43,
44, 45, E}ie rrl(_i&raoprocesso_ 6 may jnclude a plurality of mcroprocessors.
The f unctRehoLitg PEpERaL FHndats apociRbsd with theipsigam sad dommsiseane esdeder852,n
the pres | o L0 kA ti i_on _of these

corrponen?gﬁgs e%dgﬁﬁégaggg\%.ﬁ&gé %%%ﬂtbg%ga’#% IIQQB?% g%???? hsHider (not
shown) neynrizeted3edt kastfoae id-lihassesidialot] i ng a stroke distance of the

pl ungers 72, 73. Associated \é\{ th the pressure transducer an additi onal

sol efi d ‘val vERFOL2 BIFSHHY an sleyatinn yetonad viesnefthgfocelydenmaehgaism 40xakag. The

dd. t . . . . . 7 . . d | . t h
Vent i ng. Aen SEPRA LR 86 ThEL6ARAR! dociael’ RPN B eSSl TnSion e che
" provi des phingeTis likaiige shovat moelbsednsition. (e dowvEidia dddluddP1 &4 R t he

pneunmatic cylinders. The output signal is sensed by control 33. The control
33 cont r 8lugBemE Bpbathihowndn apeperpasiions Theosisioamnthe solenad valgs 424 and

e 20d! bpapRlelp QBARLH witt A SRuee 221 S S SAE M BBR o il idRupald®

sol enoi d ves an ona sol enoi‘d " val'ves ¢
and t3 osedvé d4, operarelytagddciated efbukeplangateiitis shewpneumati c  cyl i nders and
thereby control the stroke of the plungers 72, 73. 25 To ensure the tube 28

i s opened and Fiedsgis3 san elpypiion sotionpleviels iken elens: the B-Buwis afifizure 20.oPln
E;Lﬁr ; f gﬁél%ngﬁrﬂﬁg:eéoﬁnz&ion?ﬁ @%E&gthte%}QQBgid%aﬁ!eo@egndo t?x%iptluim%gr' 79_% il?urs?r\z/it% t
Similarly, the inlet pneumatic connection 49 between the solenoid valve 44 and the plunger 73
is illustrated.
20 Figure 24 is an elevation sectional view taken along the C-C axis of figure 20. The
location of the pneumatic connection from the solenoid valve 43, and from the solenoid vatve
45, to the upstream occluder 152 and the downstream occluder 162, respectively, can be seen.
Figure 25 is an elevation sectional view taken along the D-D axis of figure 20. The
outlet pneumatic connection 82 between the solenoid valve 42 and the plunger 72 is
25  illustrated. Similarly, the outlet pncumatic connection 84 between the solenoid valve 44 and
the plunger 73 is illustrated. The outlets 82, 84 vent the pneumatic cylinders associated with
each of the plungers 72, 73, respectively.
The cross-sectional views of the downstream and upstream occluders 152, 162 are
similar to views presented in figures 12 and 13, respectively. Thus the view along section E-E

30  of figure 20 has the same appearance as shown in figure 12. Likewise, the view along section

F-F of figure 20 has the same appearance as shown in figure 13.



t he downstream occl uder 162 also is closed before the plungers 72, 73
return to an open position. The upstream occluder 152 is notsqpenedsgduring
t he downstream occl uder open period. This nethod of operating séquences is
desi gned t%gg&?_vg_)%t free-flow of the liquid. 30 The upstream and downstream
occl uders 03182 are mechanical val ves as descri bed abov ECTIH9@84I6gN,
manuf acture and function provided by tHd occluders 152, 162 in the 15
August 2003 WD 00/51670 PCT/US99129436 20 present enbodi nent is consistient
wi th the description above. The plungers 72, 73 are designed as noving

pl ates to appl Referregdufiguon2é, aschematichs aaﬁxaﬂplaﬁgéﬂaﬁﬁngéiﬂééﬁuﬁ%%f ingly,

t he design mgfufact re and. function provided by the plungers , 73 in the
pr esent SolroH Yalyes: 505 usoindhe p pdefjmashanien.ds seawnt Thescedmidvalé 4his used to
occl uder ' | t e r tic cyljnders
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152, 162 aoobhdehtsdthmapdermid 2alvar® is usad to @fntiol ehe SRR Carfdithé 18103 valve
associated with, t he ugg&l%%ﬁjm and downstream occl uders 152, 162 are
|

connect ed 4 pEed foyronts 1N2eh -5 Sheetheat lupgesaranprment movidesthe fllovangr e
h t AR W [ lye. 10 Fi 22 .
b eent o TRARfs 4 iih RERY I8N SaleS A RBIAIRE 2, 73 10 IS pucitaindit i obetatedn

al ong aximraleitogfrofugUaggepbolu halumps tat ertivachiquld @owliais| sneSdTadpliRpeds ¢l 0sed
72.is Iikewise shown in a closed position. The
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posi tion.g | k1) t | 4 operatively associ at ed
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val va 044 slovpefiam raedsywiess tei upseeanmvotduddid 5plispigelind 3itfe 1B forr Q,Hgﬁ 23 is
e

an el evatian sgct I onal view _taken ‘along the B-B axis of figure 20.
inl et pndGHat PEiREnhe PlUNGRISA7Z. KR masds Prosrampled toipdriomt ¢ SustRbaskdpetatiopl unger

72 is ill - s i -anly, ' ti.C. copnecti.on 49 between
(he. ol enapcl Befibing 2 [ plheof (34 B Bhad ) 4G TP E00G et o Gmpavoa 1 s
an el evatim2&may nonatopenewallak afludd @N@fill iR BeEriaX chantter.| THUAGHARK The
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| ocati on of t.he gg]eu t.i g) connection fromthe solenoid valve 43, and from
the sol eP8F@NHRpYshes hguidipgek mio thedube2biayerdyuteconinendl andthus oparsithe e

occl yger 5362 théﬁﬁﬂﬁﬁﬁ&%é%cﬁgﬂﬁb%f ilhe pieil Ehadindll S FHALON

fe .
sectional view taken ‘al on axi s OF ?f'] gure pneumati c

connect i opegfohetpaeered by utikitignatileasy el pludgersN The hee ot M@gﬂ{mg%?s dsSuréothere
il ust ratbe.d. Si m| g’f,l yh t he qutl et pneumatic connection 84 between the
sol enoi d P§4EFamg Aluidin the pube 28 ko peqvidesthe flush-bagke r at ed. The outlets 82, 84

vent the pneumpdiGighe ﬂgﬁ{-ﬁamggtﬁh?gth@'ip}&ess by which the tube 28 is restored or

re-expanded to about its original diameter so that an accurate bolus volume will be infused to
20 apatient. When the tube 28 is pinched-off for a long period of time by the downstream
occluder 152, the tube 28 will only slowly uncompress once the downstream occluder 152
moves to its open position. Subsequently, the metering chamber may not completely fill prior
to the downstream occluder 152 closing in anticipation of infusing a patient with a bolus
volume. A consequence of the incompletely filled metering chamber, is that a patient will be
25  infused with an inaccurate bolus volume. By pushing the liquid in a flow direction that is back
towards the source of the liquid through the tube 28, where the tube 28 was pinched-off, the
tube may be re-expanded to about its original diameter before the metering chamber is refilied
with the liquid. This is described in more detail below.
At high liquid flow rates, the solenoid valve 45 is energized, and common and normally
30 closed ports ;dre connected allowing air pressure to enter the pneumatic cylinder of the

downstream occluder 162 thus pushing against the pre-loaded spring force to open the



each of the plungers 72, 73, respectively. The cross-sectional views of the
downstream and upstream occl uders 152, 162 are simlar to Viﬁ‘ﬂﬁgﬁ)r%@m ed
in figures 12 and 13, respectively. Thus the view al ong section 250 of
figure 20 ame appearance as shown in figure 12. Likew e Vview
al ong sect P@?\m}l@l@%f figure 20 has the%rre appear ance as shgﬁﬁ‘{%ﬁw% ‘ﬁﬁre
13. 15 August 2003 WO 00/51670 PCT/ US9 9436 21 Referring to figure 26, a
schematic of a dual plunger arrangenent utilizing four solenoid valves;

for use in the occluder nmechanism is shown. The sol enoid valve 43 is used
to cont répwasigagmechegit 62 cThislastionsiiows tke Bqid totstapatheanetSringschasther when

control th trea oGl uder 2, the solenoid valve 42 is used to
cont rol t%glegﬁ]\lljgnr%%nrg ?2 Oarrige ﬁiﬁggegﬁﬁg}ggffea O\%ﬁ?/g'ﬁ% 2%4 is used to control the
pl unger 73_ ThRefdtlg fbwWAE GEud27aE iRkt rd boedertiae rérﬁéih?%&g%%mt i ons:

at higher liquid flow rates, bc_)th plungers 72, 73 may be progra to .
oper at e i §plengid wilvyedS rengrpengegizad) dyorg thelplangerd Thd3 fortardradivameht apd whell | ow

rates,. on I [s, | unger .72 for. e | e, 1y, he erated while
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tube 28 tRtipse\h 72 1880arl a5k G t &;a@k QBudis
t he pr ocessl b _vﬂ?ghé?he tube 28 ?s rggrsﬂtq%é gd'gﬁﬁsélgygﬁ%an edéag‘gaa gg?”éhts
ori gi nal aficasktioe fathetsatenad valye 42 b ghdsshficieno preswrais Huilbepiimideshd to 20 a
patient. Wen the.tube i I nghed-of f for. a long _periqgd of tinme by the
downst reé?ﬂeﬂ@a‘%%’rn%%%g S‘FW@"E% toglefiver the frsh bQﬁ‘éwITge‘h REShEedlosmsieamt he
downsgist eagRcRfdet HEEK A i hd 4P ‘?‘lé%% | h :
nmet eri ng chanber rnsstyoj’?“raio‘tad ﬁéﬁﬁ%@“ﬁ@?ﬁ%@%’?&?‘gﬂfﬁe oahq%@;%g%nn%%c duder
152 cl osinegmilly elnsadopqués aremowfecied fallswing air prassuento atitdr thaphaimasic cyhdsies A
consequence ﬁ:}x thﬁ i ncor{E etel% filJled nec{?gri ng c¢chanber, is that a patient
will be 28°PHPELC S disPUshing agdingtths preraaded spEng farce 18yckivatkithypluRgerd Txui d
in a fl owAkirgehd PAmkehlicdFok ; q h Ly Gl hr ough
t he tube (2)8, wher e thgﬁlti"l Sggo)ggﬂ\;\ks/atslﬁ]gpﬁgheg O?)@B'ﬁ?gﬁﬁigfen{ Bﬁene&%medth&
solenoid valve 44 so that sufficient pressure is built-up inside the pneumatic cylinder of the

20 plunger 73 in order to deliver the second bolus. Although the time functions are shown as
step functions, non-linear functions are possible.

After the solenoid valve 45 is de-energized for a time period (f), the solenoid valve 43
is energized, and common and normally closed ports are connected allowing air pressure to
enter the pneumatic cylinder of the upstream occluder 152, thus pushing against the pre-

25  loaded spring force to open the upstream occluder 152. 'This action allows the liquid to fill the
metering chamber when the plungers 72, 73 return. The upstream occluder 152 is opened for
a time period (a/h) to ensure that the liquid completely fills the metering chamber. The time
period (f} is designed to ensure that the downstream occluder 162 is closed prior to opening
the upstream occluder 152.

30 At the same time that the solenoid valve 43 is energized, the solenoid valves 42 and 44

are also de-energized, and common and normally opened ports are connected allowing air to



tube may be re-expanded to about its original diameter before the netering
chanber is refilled with the liquid. This is described in ”‘?5%:1?&%%&
below. At high liquid flow rates, the solenoid valve 45 is energrzed, and
comon and a|6 30 closed ports are connected allowi ng air gressure to
enter the pneunatic cylinder of the dggnstream occl uder 16XFHULYYI4Hi ng
agai nst the pre-loaded spring force to“pen the 15 August 2003 WO 00/ 5E670
PCTI US99/ 29436 22 downstream occl uder 162. This action allows the liquid
to escape the netering chanber when either the -plunger 72 or the plunger
73 pushesvent frovethepineumatic Gbhdars dfithe pbwigers 7R @i1r At thls péihe tkbopre JbaRAMp rings

| uder 1 ' d (t | engi lve 45 renai d
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opened pofksupstisamosshidet B2 remaine opetteddopthe timetfietiod Ya/hnaesnsafe thiethe liquid
downst_r eam occl 62. At thi oint, the pre-loaded spring will apply
its f rceﬂ’%ﬁﬁﬁeﬁgﬁ&c}%’?mﬁ*ﬁ@gﬁw - at the downstream ocZfl uder 162. After

t he downst r eanuBeFtHd Rk Pebidd I(Sh ' er | c).: the solenoid
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connect ednaaitiabyopenediporyaesmunectedto wnt te pnbengtivayytinddroreld ipteamccRlisnger
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f'i r sti0bol raede fhindire reafairing cheduitwimrat befara walngpag toipaforkbihe inextQRAEY dyele. @

tinme period (;M} tg%%ol enoi d. 44 CLS energi zed, and cormon and normally

cl osed ports o CYRYIUES fRh SFaLPRceh pepgrated withintthe schadulph merteriod
cyl i nder . ThbBecHUHREinebariod ' ' -pre-l1 oaded sprin
force to (g(b:ti vatce t he pl Snpgé‘? ?P;m?lakr%%?g\e?%?h%& 'otggg{b%ﬁg%f??%)quﬁ\ io‘gi me
peri od (dgatesehd algivendotgfvblugiecent opened tinme the solenoid valve 44 so that

sufficient pr re is built-up i.ngide the pneumatic cylinder of the 20
pl unger 73 i ne%%u‘a‘é}“gtlﬁwd@ldg%erf% H'éa‘é:éﬁ%iﬂﬂ" Baryate rapg verfiethe joperating

f uncisonsyrafile iSO @Sthe Alh ' cdpki L ONS,ar & Bassi bl e.
After t h? sol enoi d val ve 5%@%%%%2@6??%88‘4%?&?{3% F%@ﬁ%’éﬁfz’é q gﬁs?ﬁ?cﬁg 15
sol enoi d pragrammed toiastreateingededwitaic: phapen 2. alfdhaslangdrl 33 i@Fﬂ%@ﬂnﬁ@ﬂ s are
connect ed al | owiéng air "%ﬁ_efs%u h&o (gnter the pneumatic cylinder of the
upst r eamBEAH AR Hg pert ?p@i Dh god G ane extenied sp acompt thsasgeendshntunyithior ce
to open tahgngipadiveaneeec! uder 152, This action allows the liquid to fill

the netering chanber when the plungers 72, 73 return. The upstream
occl uder 152 ils tiyplomed fibwrrate range of delivery, the scheduled time between delivery cycles is

20  long, causing the tube 28 to be pinched-off and deformed at the upstream occluder 152 as
described above. The pinched-off tube 28 can prevent the liquid from filling the metering
chamber quickly.

Referring now to figure 29, to deal with the lower flow rate range of delivery, the
sqlenoid valve 45 is energized, and common and normally closed ports are connected allowing

25  air pressure to enter the pneumatic cylinder of the downstream occluder 162, thus pushing
against the pre-loaded spring force to open the downstream occluder 162. This action allows
the liquid to escape the metering chamber when the plunger 72 and/or the plunger 73 pushes
on the tube 28. The downstream occluder 162 remains opened (the solenoid valve 45 remains
energized) during the plungers 72, 73 forward movement and until the plungers 72, 73 reach

30  the maximum stroke during the time period (m). Afier the time period (m), the solenoid valve

45 is de-energized and common and normally opened ports are connected to vent the



atinme period (a/h) to ensure that the liquid conpletely fills the netering
chanber. The time period (f) is designed to ensure that thelgg\g@)ﬁ;i@gm
occluder 162 is closed prior to opening the upstream occluder 152. 30 At
t he sanme t{y@Epoidigde t he sol enoid valve 43 is energized, the SP&?@%bgm‘é?ﬁl ves
42 and 44 are also de-energized, and cgmon and normal |y opened ports are
connected allowing air to 15 August 2003 WO 00/51670 PCT/ 1JS99/ 29436 23
vent fromthe pneumatic cylinders of the plungers 72, 73- At this poinf,
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period (a‘é?S%én the sole oig valve 43 is de-eneqrﬁ&i}zed, and common and
normal |y (s 5arreed,and coRman By noemaliy, closadaparirtreeoneectsd allosdrs of ¢ he
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upst ram BEE R enict e peamall SyIREleEbe il 7.4 by SAfe gk olebe-pppded
upst r eam speiaf fidee t@&tivafeahe plingel 78@reuwid foh e timné pedidB(d)aiThi plunker Fde for
the remai ni ng schedul ed ti pg before waking-up to performthe next delivery

cycle. Aemags af Hetoswardpositionpngi] the flnsh-baggenciris sommicteheThe titiewietibd ¢ + He

‘'schedul ed_ty ' 1) ' period (T) represents the

f requencgS g’f’%ﬁeﬁéggﬁﬂ g&%}?g&? %ﬁ%%{ri{}%%l @gg\%)\}eﬁf?' t'% lvea%déoa%ﬁ{%%ﬁCIWI%§sur €15
vol urme. Reiileupiimidertbs\pheuniatigtyndes of the plivieidi TReh kohsiaviive 9840
delivery, the operating 15 profile is simlaf to the higher flowrates with
t he dfcepipmgizad,enting thopnenpatic vgindsr of thapiungeny2 ks allpy ther plumegzst 7260 stinvat e
in serie .t h. ger 72. If the plunger 73 is progranmed to operate,
the ti neﬁg\grsi%égs&ﬁ%}h d), (f), and (T) are extended to accept the second

bol us within Aftaithgbderstid ¥ & de-eneegited for thdem PBBSAJ () Oite kalkRoiiaRGE Of
delivery, the scheduled tine between delivery cycles is 20 |long, causing

t he t ube ePgrEizsdpandsionepRHansk normally glosest perts are cohreotgshallovdng aic prassiee td &fems

descri be : . DJ -off ¢t 2 revent the.liquid from

filling ﬁhégfﬁ%&af.@%@'ﬁgﬂéﬁﬁ‘gr %étﬂ?aé‘%g‘?‘“%e‘ﬁg?’r‘?‘%PH@W‘% geainsh fliepredoaded, geq
Wi t h i5he speng fortd ogenttke apsi@amicciidbi V8T YThit BetiorSAlRNOHE [YRHYS ed3pé Back
energi zed, and common and normally cl osed ports are connected all oe\n ng 25

ai r presdBitike fiyd spires thrauehyihe yrstreaen egaludedp2,chus Aushingibecky whivhon tirudélt
TG R e e

downst r eam

At the same time that the solenoid valve 43 is energized, the solenoid valve 44 is also
energized, and common and normally closed ports are connected allowing air pressure to enter
20 the pneumatic cylinder of the plunger 73, thus pushing against the pre-ioaded spring force to
activate the plunger 73 forward for the time period (0). The time period (0) allows enough
opened time for solenoid valve 44 so that sufficient pressure is built-up in the pneumatic
cylinder of the plunger 73, in order to perform the reverse delivery. Then solenoid 44 is de-
energized, venting the pneumatic cylinder of the plunger 73 to allow the plunger 73 to return
25  toits original position. As the plungér 73 moves forward, a certain volume of the liguid is
pushed back to spike the upstream occluder 152 opened. This is called the flush-back cycle.
After the flush-back cycle, while the upstream occluder 152 is stili open, both the
solenoid valves 42 and 44 are de-energized. Common and normally opened ports are
connected allowing air to vent from the pneumatic cylinder of the plangers 72, 73. At this

30 point, the pré—loaded springs of the plungers 72, 73 apply a force each to push the plungers



the liquid to escape the netering chanber when the plunger 72 and/or the
plunger 73 pushes on the tube 28. The downstream occl uder 162 4, %gpﬁ
opened (the solenoid valve 45 remains energi zed) during the pluhgers 72,
73 forward novenent and until the plungers 72, 73 reach 30 the maxi num
stroke durWVA§UHEOtime period (m. After the time period (mMPCHURSYEBBEnoi d
val ve 45 is de-energized and conmon a®® normal |y opened ports are
connected to vent the 15 August 2003 WO 00/51670 PCTI US99/29436 24 -
pneumatic cylinder -of the downstream occluder 162. At this point, the

pre- | oadext, $p bFﬂg thtdsIrblievathy tibel28r 68 cr@utiREAHeb B8td 4B& B8 LAl hjg%fthe
ene

downstream occl uder 162. After the downstream occluder 162 is o
t he ti ne cpatainsd 23 ¢ fill theaneering eliagber al ve 42 is energized, and common and

pneunat ¢ oyl BTG E RE G AT pofen B8 et ks eqrr@taﬂéd
spring f @péfed orizGid &&ﬁl@ct%@ € P @Ehefine?zalaﬂ@ rc%‘ﬁ’r{dér be [hetlfbgthéin?FﬁcgﬁJelB

The plunger 72 remains at its forward position until cycle
i s cofpl éhiggointHhe prﬁﬂ@aq@érspmg pfithe upjtreans ockdedeyriéd appliaalal fomean@ugh—dﬁmﬁeed

time for s l.en suffl ent ressuels built-up

i nsi de thebe?niﬁgg |8%sgrc ‘fﬁﬁﬁ‘g%ﬁ? ﬁ?{&g{l ‘ﬁﬁﬁ%‘“&%‘l & NGiEnaagdedon | s
de 10 enﬁiegneaﬁdungvsanédm tirhebﬁamhg-ug% lpeﬁﬁﬁn Bhe AP dBIVIRBEIIC DR al | ow
the plunger. 72 to return to its original position. After t'he solenoid 45

i s de- eneggmz%bpfﬁhﬁ aboe 3§ﬁl‘ﬁ%55[ﬁ@ﬂ|59@1€(ﬂf395 are jpperabidowishid tSschedulehimgpatsty  and

common a o] re ré(sems gg%ts t[aez conne%t ed all ﬁn % aitT pressure to
ent er PNEUN®L 1 G Cy Hene of delivEry SYFIES AT erctain oy Tatsand a givembalps ng
agai npet k,bﬁn@re Ioaded 15 spring force to open the upstream occl uder 152.
This action allows the liquid to escape back to the fluid source through
the upstream éﬁ:léFlnmaﬂlwcommglefdnmwmgg:hbmmdm asodiated titingninl drderite- open

hed-,of f t 28 ted by th | uder 152_ At
e oams aime T B0 eRab el elBE nram e aS0r.o NorrEmss Date GRETComane: ehssei o

44 is al srhireh8opérd®sh ofthe oEQIIR m@RthisiA Mfﬂﬁ'ﬁtbés&ﬁx%stﬁgﬁgﬂé bﬁ?s%t ﬁ.e ‘a‘é’lﬁl}%ﬁét ed

allowing air pressure to enter 20 the pneumatic cylin
73, t huspPiasshindghadelahet weiking phasel oaded spring force to activate the

| 73 f d d | 1
gngﬂgﬁr openg %Emg ?sessgqr%r{ge "a % I"geet}%zf)o%eém{(ﬁ‘é"bv% BeerE‘!Frgf’ﬁeggﬁ)’ Bg%\}?‘gsl s
© built- upuﬁaﬂré‘aﬂﬂm@l&ﬂbﬂﬂ? the pliddeRAIBS, frefub® tPELBQS suzzaan fdic %&Efatéﬁﬁ%f orm

the reverse_ delivery. Then 'solenoid 44 is de- energized
pneunat i elagigity wfithe tabe 2handothe mg@surm contamier dvie Hmvptharhgend 1 themeekidgn 25

of the | PP ZRRke Biise siue Vit RES i opRv At clor et oD tahed.
This is g@lsepstafilptht kitsHinRABEmBYCh&m the container 23.
20 The delivery phase starts from the time the solenoid valve 45 is energized to open the
downstream occluder 162; the plungers 72, 73 moves forward, pushing on the tube 28 to
deliver the bolus. The solenoid valve 45 is de-energized (or re-energized) to close the
downstream occluder 162, followed by a delay period. This delay period is used to ensure
that the downstream occluder 162 is completely shut-off prior to the opening of the upstream
25  occluder 152.
The last phase of a delivery cycle is the delay or waiting phase. Preferably, the waiting
phase is the time period left-over from the scheduled time (T;) after the delivery and filling

phases. The following formula describes the waiting phase:

30 Ty =T, - (Te+ Ty)



After the flush-back cycle, while the upstream occluder 152 is still open,
both the solenoid valves 42 and 44 are de-energi zed. Common and, {f@bl y
opened ports are connected allowing air to vent fromthe pneunall

cyl i nder t ungers 72, 73. At this 30 point, the pre ngs
of the pl Sétvgers %’ 73 apply a force e to push the pl unge%cg%g'ggﬁs?gfﬁs
2003 WD 00/51670 25 PCT/ US99129436 72, 73 open, thus relieving the tube 28
and creating a suction force to draw the liquid fromthe container 237to
fill the metering chanber. After the tinme period (a/h), the solenoid 43 is
de- ener giWhere, dads tt@mwfahdmmgephas;e T@pegedcfpdlult‘:@ timee Teis tiecdme of the filkmg

th t t t J d t 5 thi th
. P oaddmasd afl 735 e itie otdfi BB RECSintE Ble spfuied g warins Salrd S ine. Of
the tube Rfy adted h&wm%m@sebw% &ﬁﬂeﬁa@ Hatee Tﬁ@%ﬂt s38s M dighgs into

the waiting node for e remai ning scheduled tine before waking-up to
per f or m taffected)depaiadiig en yhishaihase @quentialiy stiarts thel delivérytoyele aoaivthe awthod ¢f es

and s quenﬁﬁ: zﬁr {)?erat d l;/\/lthl n the scheduled tine period (T) which
r epr esent§M'HE "G BETERE Y VP Del i very cycles at certain_flowrates and a

gi ven bol us 1OTP{é3bAHﬁﬁ1attl:-tach1§tédrm9ﬁ baient tﬂe&ﬁﬂ%ﬁ@ |of Er{&%r&%ﬁ{ R eloN gﬂﬂ%ﬁﬁé and

the associated timng '"in order to achieve th | ow accuracy o

present iapesaed anmodular systones ushmsmglé temmtssodysmahns apa sospressdrhicprokide
operatlon of the, gcecl uder rrecha |sm se ar the filli ngl phase the
del i very CoptpRessed HHig tPﬁé"%fb@Fa?" r?.i’é'e" ysiomeenerey stagspkanke

starts fr, hgﬁnﬂz&ﬂﬁe Bﬁﬁdé%%ﬁé ﬂlcl\ﬁﬂlf:d’ Qntﬂ%aé}ﬁnﬁﬂﬁfugl GG dbfveRp ﬁﬁcﬂe{ﬁ?&on ? d o

upstream ch uder 152; the plungers 72, 73 return to create a suc
genenat edn ihe inbduleedyatem. cThys zoﬁ{utdhey d)ﬁthein%hqmds titweexanpis eoeld beaktivirag to 23

to draw the Jiquid in o th rreterl ng chanber. The filli ng phase ends when
the upst PRANBLLIREIC fE!QO l¥¥stePy shut-of f the tube separ ating the

metering chanbgy ohfigmd tttngce{tmt&ﬂgmzs%x tc29 Ja& tﬂ@l:aa%tén fio SLAlde? from
the time the solenoid valve 45 is energi zed to open ownst ream

occl uder rﬂﬁ‘hamsﬂneiq:b amgmm:tﬁ‘azed #3chmnisesddpatedindigupahi AgemmrtchﬁoﬁoubMZB to
del i ver the The s noi d val ve 45 is de-energi re- energlzed)

to cl ose 'PHta ?ﬂaﬂh"s‘tf’r%‘&?ﬁ 189 fapsing gn incgng dotgljorzo “&%ﬂlfi@ﬁ? got

del aysper

compiat ey se. ShRfavey BRI fed bR s S FARBLE DT Blackiot e ooy,
The | ast sbhﬁsl69d)]ﬁusacadmsnkrerqtamd)ﬁhe sarhdwhidk haynm actugpioh ithgcaah &sllowers in a

Preferably, wai tin
n%lanner te}\at 18 known in the art. The cam followers in turn operate the components of the

occluder mechanism 40.
A cam 172 and an associated cam follower 182 illustrate the operation of the cam-

20  actuated mechanism 180. As the cam 172 is rotated, the cam follower 182 is caused to move
in plane and into and away from the cam shaft 189. The cam foliower 182 is further
operatively associated with the downstream occluder 162 such that as the cam follower moves
into and away from the cam shaft 189, the downstream occluder is caused to open and close.
As illustrated, the downstream occluder 162 is integraliy_formed at the distal end of the cam

25  follower 172. In a similar manner, a cam follower 183 is operatively associated with the
upstream occluder 152 and the upstream occluder 152 s caused to open by the rotation of the
cam 173.

It is possible to have a plurality of cams operatively associated with a plurality of
plungers. As illustrated in figure 30, five cam followers 185a, 185b, 185¢, 185d, 185¢ are

30 operatively essociated with five different cams 175a, 175b, 175¢, 175d, 175e. At the distal
end of each of the cam followers 185a, 185b, 185¢, 185d, 185¢ are disposed five plungers, .



phase is the tinme period |eft-over fromthe scheduled tine (TS) after the
delivery and filling phases. The follow ng formula describegshhg,Waioki N9
phase: 30 TWETs-(Tf+Td) 15 August 2003 WO 00/ 51670 PCTI US9912943 26
Where, Tw i Ohﬁguhbne of the waiting phase, T., is the scheduled tine, Tf is
the-time of the filling phase, and Td.is the tinme of the d&IGNEP)2Mbse.
Since the schedul ed tine varies based A the flowrates, the waiting tine
is also based on the flow rates. The bolus sizes will also be affected
dependi ng on whi ch.phase sequentially starts the delivery cycle, and the
met hod ofregpepiévely. | Thrppluhgersrateanised tolopribend cibbebp tieuortibs ofitHelrkgd 764 Ui d

delivery hani s he present in tion pay be operated as nodul ar
syst ens ulrsljl‘3 ﬁ’gﬁélcsﬁslséll? 27%%%1%5%‘6 ?%‘H%‘ﬁn’é&“ﬁﬁs%ﬁ: A8ebidresidsd, 185, provi de
conpr essagsgettietl.t 0 a plunger and an occluder and, optionally, to an energy
storage tank. An ggti onal inflatable bladder may be included wth each

i ndi vi dual f| Jiighrd ialﬁeriUrllsmtﬂmnbsmbaémn&ﬁ)righacﬁﬂmthmlnr(nsygkﬁm) infhus a
lurald ty of. medjcal Ligui f or, exanpl e, uld be delivered to a patient
Csi g s udir ook Fred AP ogsRitet i &8 nf coenf o, mpmeplsomay bive o
operate t EQODEREH I meglaady I . uat
p thfigh QUP aRghied dif a 1208 oPheldd8 195! mmé‘%&;b%@g@aﬁ%@?ﬁ s a

mechani sm depicted in figure 30. An electric notor
cam shaf tthe eghudgumephpnism 40.c Whee thatoveol 9§ isantanéd wavasdsthe plumgersA754 hgsgam

15 shaft 9. tively assogi dwith the cans are camfollowers. The
r ot Zt ?on lé? c’tlﬁg’i ela\éﬁél}/et 8 elfsﬁtsgz’ c!&ég% t‘{gﬁé"gr’aﬁlé?? '_éi'ﬁ“g)ht iR ashion Stmhé ch
in turn aefed $R®R phit@eAMshol T5WeT & i1954 1@p§§%§ﬂl§%@@'ﬁ§ 1‘82’8@?&0' n the art.

Iy
The camfollowefs in turn operate the co der nmechani sm
40 Alfam 172 &eferang tesBpwiend bahecam fl@5a mween h82crobd-teaiicml el EsRREd 84 tiRn Of

th 20 t hani 1 As the 172 i rotated, th
ol ouor w3t T TRSCE RHE et Th5e f5ionsmousil sprncerteswita inycan binet Hopbain
shaft 189f cdhe tieddtind Wﬂa%ne@@ghén%e Erpﬁsthﬂl‘?face Qgg{n?&d vBlYis %éesnoa?si ated with the

downst ream occl uder 162 such that ~as the cam over noves imt'ePEhd away
f rom t he regaen 3hladnd a1l@dver régiordidhst r eam occl uder is caused to open and

close. As illusirate t he downstream occl uder 162 is integrally forned at
t he di st al end”i#‘e ?%(EZ%M%“*? Bt ?‘t‘?vﬁ@?“?f‘? 18Pnthg camnfollawerrifitady mowedchack

fol | gger ak@Bebm 0 eAAshME Yo 3SR BleAlRHiollbibr L‘{,ﬁtiﬁgﬂ?og@agc??%tﬁ%%'f)&?%gio%ﬁﬁ”d

t he upstream occluder 152 is caused to open
173. 1t Véhepdbsiam followendVsa begitsioahoteyiniofthe domserapgibatil Vahy cas Sslivak @¢sai t h

a plurality of _
P moVes Closer to the cam shaft 189. The longitudinal axis of the cam follower is about

coextenstve with the transverse axis of the cam shaft 189.
The cams of the cam-actuated mechanism 180 are arranged about the cam shaft 189 so
20 that as the electric motor rotates the cam shaft 189 the cam followers operate the components
of the occluder mechanism 40 in the proper sequence. The proper sequence is controlled by
the controller 33 and the program included in the microprocessor 36, as described above.
Thus, it can be seen that the cam-actuated mechanism 180 of the present invention can operate—
the plungers 175a, 175b, 175¢, 175d,_ 175¢ and the upstream and downstream occluders 152,
25 162. In doing so, the cam-actuated mechanism replaces the solenoid valves 42,43, 44 and 45
and results in the elimination of the pneumatic cylinders operatively associated with each of
the plungers 175a, 175b, 175¢, 175d, 175¢ and the upstream and downstream occluders 152,
162, respectively.
Figures 32a and 32b illustrates an operating profile diagram for the occluder
30 mechanism 40 of figure 30. Both the figures 32a and 32b are identical with respect to an
identification of an open and a closed position for the cams 172, 175a, 175b, 175¢, 175d,



plungers. As illustrated in figure 30, five camfollowers 185a, 185b, 185c,

185d, 185e are 30 operatively associated with five di fferent15g\@€(§tj&,§a,

175b, 175c, 175d, 175e. At the distal end of each of the cam folTlowers

185a, 185b¥vc%)@}?_fm 85d, 185e are disposed five plungers, 15 August 2003 WD
U

00/ 51670 2 99/ 29436 respectively, The pl ungers are cabsEYSPU2Hpen
and close by the rotation of the cans I 175b, 175c, 175d, 175e acting
on the camfoll owers 185a, 185b, 185c, 185d, 185e€, respecti vel y. Figure 30
also il'lustrates one enbodi nent for placing the tube 28 (not shown) in

posi tion l’tﬁebemhb't’?edFi@nrd)%/Zatdwcr&ws lthujmsitims Webite Spuré(B2bAdatifies thtbgleflthfough
exanpl e, h ve a IE’L93 di s on A fa &%he cover 195. The
cover 195 ﬁ%?@é}g’f fﬁ‘i%t:f’ ot é’oé'é‘@% Hdignsnd 2. Wthghe t he
cover 19505:'&&(&95@& atbchOVigh GSis b%xbﬁgw&?ﬂoﬁnjﬂzéﬂushlga%?’ erglgﬁu%lai%%g{y Jioe and

the occluders 152, 162, the tube 28 may be brought 1In o posi Y Se
acted on pyngsry Ngjhﬁfs apilﬁalltypfﬁbmgerﬁ‘icq ustd 5illyshibable nayg deteffected oY vidaGndSaly

162. %O Ref.erki ng h ure ﬁ,}l E'h m 175a.i.s seen _in a cross-sectional
vi ew §§ff'}§n e@gfﬂ@ e fig rRcsss fsdiniated ingdigyrg %230per at i veI y
associ at ed wi tnsaaﬁd%mnaz.%ﬁmﬂmwaabus Hang A% r.wzﬁﬁ&aehét bifie g,F

change in its surface elevation. This I1s seen as an up 1 and a
| ower regpmi:mdzmalts Aescribed hermn]sﬁiﬂd)erappabﬂstoahoﬁehmmdm ﬂ.laaﬁt Slu%ﬂ,ch s @AdN

f ol | owner ?@E S nnveg g%@k“W%S a e can1shaft 189 when the cam
fol | ower "T9EHCHUONS (3R BRRCE Wi spifit and 9gon¢ afftec er&mrftmeom
175a begi t i a __noves
ol oser foepahdtb URdhip e} 3%‘3? B e bR AR Ao (e ¢
aboutl0 cmxltmrﬁﬁmio‘m;bhcbmedbjaﬂmwpp&eied)clannmf t he cam shaft 189. The cans
of the cam actuated nechani sm 180 are arranged about the cam shaft 189 so
20 that as the electric notor rotates the camshaft 189 the camfoll owers
operate the conponents of the occluder mechanism 40 in the proper

sequence. The proper sequence is controlled by the controller 33 and the
programincluded in the m croprocessor 36, as described above. Thus, it can
be seen that the cam actuated nmechani sm 180 of the present invention can
operate- the plungers 175a, 175b, 175c, 175d, 175e and the upstream and
downstream occl uders 152, 25 162. In d0|ng so, the cam actuated nechani sm
repl aces the solenoid valves 42, 43, 44 and 45 and results in the
elimnation of the pneumatic cyllnders operatively associated with each of
the plungers 175a, 175b, 175c, 175d, 175e and the upstream and downstream
occl uders 152,




162, respectively. Figures 32a and 32b illustrates an operating profile

di agram for the occluder 30 nechanism 40 of figure 30. Both the figures 32a
and 32b are identical with respect to an identificatidab augastogéf3and a
closed position for the cams 172, 175a, 175b, 175c, 175d, 15 August 2003 WO
00/ 51670 PCT/ US99/ 29436 28 175e, -and 173. Figure 32a descrlbes t he
positions while figure 32b identifies the angle through which the cam
shaft 189 will rotate to effect the posi2Pons described in figure 32a. Wth
the cam actuated nmechanismit is possible to performthe flush-back
operation usi ngigimst one plunger. Wiere a plurality of plungers are used,
flush-back nmay be effected by sinultaneously 5 activating all of the

pl ungers. The flush-back process is illustrated in-figure 32a it should be

under st ood t ha varlo S, ch S_a ifigations. .to t

embodi nent s deécrl bé‘d ?%g% y%%”gﬂ%‘é gﬁthqtubdsgwg%%h B&?@ HN'¢he art.
Such changes alggm mﬁfl cations can be nade wi thout departl ng fromthe
spirit and scope e present invention and without dimnishing its

att endant aevant ageﬁmtldochslmglmeaﬁs)hevihgtaenmed pobigion sadha dhwdgmsitid:o and

nodi fications be covered the ppended . 15 August' 2003 29 d ai ns:
1. A device forfo‘p‘iegiﬂﬁﬁwﬁg?c‘élufilw bé’fftlaqtffF OP‘FFFCB’ugh a tube, the device

conprising: s firs I i n | osed
position for rel easts )?/1(&0}&}9#1&%"%‘3&{}% \élt‘)/ at a&% ﬁ%ltéaétylaoﬁ E;ig{:jéec((g)nd
occl udi ng man?ob@éh%r BlcaRsig d@@ﬁ!dingnmeamﬁbaaa@baﬁeﬂocmﬁi tion for

rel easably occludi-ng the tube at a second | ocation; conpression neans

between the first | éempresaioandaans b@@’@ﬁ@ the o firs clocaten fand dmseearsd ng t he
t ube; and rreani%? |clrowd|nga||q§l er pressure to the tube :
conpri si ng Yan 1P5FRILPAMRICaRiRE fhie f”latﬂ d conpressor for providing
conpressed fluid topdapkleet 5:&‘4@“?&1‘11%;1&%@@{3@@1&5 t8Mk Aibe BN %orage
tank for storing the conpressed under pressure which is in fluid
conmuni cat i on \muhﬂatablc blﬁdddruadhnd)wpmpmr @n@rcmémgrdomgﬁbbé ﬂluidattder 2.
The device of Cl t%lc in c b a@lﬁer an ra?lsgllleorgy n?o%‘gse %@p&r s onng the
compressed ﬂuid under pressure which is in fluid communication with the

ts  fluid compressor and the inflatable bladder.

2. The device of claim 1, wherein the compression means COMIPIISES a
first plunger and a second plunger, each’ plunger having an open position -
and a closed position for releasably compressing the tube.
20

3. The device of claim 1 or claim 2, wherein the portion of tubing
“between the first and second occluding means provides a metering chamber
with the first occluding means located upstream of the metering chamber
and the second occluding means located downstream of the metering

25  chamber.

4, The device of any one of claims 1 to 3, wherein the fluid compressor

can intermiftently provide compressed fluid to the energy storage tank.



first plunger and a second plunger, each- plunger having an open position
and a cl osed position for releasably conmpressing the tube. 20 3. The device
of claim1 or claim2, wherein the portion of.tubing b2thegnsthd0@3rst and
second occl udi ng neans provides a netering chanber with the first

occl udi ng neans | ocated upstream of the netering chanber and the second
occl udi ng neans | ocated- downstream of tR38 netering 25 chanber. 4. The
device of any one of clains 1 to 3, wherein the fluid conpressor can

intermttently rovige sy 66shEmf 4 Uivlledetn HREpRERIG YN ThoeAGEy! @Bksel5
August 2003 30 5. The device of claim4, wherein the pressure’in the energy

storage tank damk ban bpinceessediovarditng.ine. 6. The device of any one of
claims | to 5, further including a pressure s -transducer in fluid
comruni cation with the energy storage tank and in electrical. comrunication

with the fluidgonprassal.; [9,&713({511 : L gh . e fluid
conpressor is sé\ci\,i tcr']g% &(géf'v?éeu 7. Tﬁltiac %‘j\g‘\%ﬂ{:{g@é? b ghyt/h rgﬁ]egqg#lﬁgﬁnggné&?s'{rg 6,
wher ei n t he sf | utahsdadger @sfloid cd@opniostidaswithrhe easgy blowigd takt hed Gaer gy

storage tank and wherein a second _fluid conpressor provides conpressed
fluid to the irfl¢ctiea)| conynuwigetion withthe flwed cempesssemspchribatowhen aikighl to 7,

wherein the first and seCO@d o&cl udi n mean%sg [?'egd he conpressi on neans are
fluid actuat ed PT5E “THE 8\ﬂuée°%[flp’§ﬁ§)rd§1§w? 1%t | to 7, wherein t he
first and second . occluding neans and the conpressi on neans are cam
actuated. 10. The device of any one of clains | to 9, wherein the first and

second 20 occlfudi ngdheeleviceardanpions ef clasma [db &5 sdhepus thd Huid cbprésser devi ce
of claim2 and any, one of cl aj 10 when depenﬁ%g on claim 2,

. 3t
wher ei n t heldf i REPVidhy camprRrdiltide e srerey slogeedank aad viesin gotssprdon. 25
12. The devi ce ffid ehfipiSoirofiiés gﬂ:ﬁg%s&i (it thelifinhtableigugiependent  on

claim 3, further 1 ncluding ressure -system upstream of the
8. The device of any one of clatms { to 7, wherein the first and second
occluding means and the compression means are fluid acfuated.
15
9. The device of any one of claims 1 to 7, wherein the first and second

occluding means and the compression means are cam actuated.

10.  The device of any one of claims 1 to 9, wherein the first and second

20 occluding means are biased to a closed position.

it.  Tle device of claim 2 and any one of claims 3 to 10 when dependant
on claim 2, wherein the first and second plungers are biased in an open
position.

25
12.  The device of claim 3 or any one of claims 4 to 11 when dependent
on claim -3, further including a closed pressure ‘system u[:;stream of the

tuetering chamber.



metering chanber. 15 August 2003 31 13. The device of claim 12, wherein the
cl osed pressure system provi des a negative pressure. 14. A device for use
with a tube providing a netering chanber and a contai ner contléi‘t‘l‘iglﬁ"@2

liquid in fluid communication with the tube, the device conprising: a

bl adder for conpressing the container thereby pressurizing the liquid in
the tube and causing the liquid to flowlinto the net eri ng chanber; and a
plunger for releasably conpressing the netering chanber and thereby
generatingld f Thavicyfcerhdaim lguivberpin dip dlased pratseieisyiient pravidesa neggive Prssugevi ce
of claim 14, further including an energy storage tank in fluid

communi cation wth the bladder and in fluid communication with a fluid
conpr essor 4or  Stdsvichipr esipthectylaprovifling g mgissieg chapberand @ contgnerthgaigiagiece of
clai m 15, 4 81 fhid QfnnfdnitaforCRRPHE RO thE@Rick eé;@;srmrtgt ently provide
conpressed fluid to the energy storage tank. 17. The device of claim 16,
wher ei n the pre38lfder foi compresigtipcospppatherchyanrsserimegbe liquid iadkedube apder
time. 18. IhGingdaNiigeid e A@MhiPNE nRferifd HalBerland 0 17, wherein the fluid
conpressor provides conpressed fluid to the energy storage tank and

wher ei n a secon®PIrgRr & celensthbs «wtpresping thg awteriag sand therghy genepting

bl adder. 1fow bhfhe Ml §8mPHe RO iRRGarRferCl @i N5 14 to 18, further conprising
two occluders having an open position and a closed position for rel easably
pi nchi ng-of f the tube which together define the netering chanber provided

by that tupg.  The device of claim 14, further including an energy storage tank in fluid communication
with the bladder and in fluid communication with a fluid compressor for storing compressed

fluid under pressure.

16. The device of claim 15, wherein the fluid compressor can intermittently provide

compressed fluid to the energy storage tank.

17. The device of claim 16, wherein the pressure in the energy storage tank can be increased
over time.
18. The device of any one of claims 15 to 17, wherein the fluid compressor provides

compressed fluid to the energy storage tank and wherein a second fluid compressor provides

compressed fluid to the bladder.

19. The device of any one of claims 14 to 18, further comprising two occluders having an
open position and a closed position for releasably pinching-off the tube which together define the

metering chamber provided by that tube.





