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ROTARY AXI AL PERI STALTI C PUMPS AND RELATED METHODS
FI ELD OF THE | NVENTI ON This i nvention

rel ates generally to punps and rel ated nethods and
nore specifically to peristaltic punps and methods
Wworzepneng fluids that are 5 useful in a vaPCBU§200§0633609
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i ncor porated herein by reference. In gener al

iariprath of the bingde ithereby armptivig tfn@%*éh@ﬂm@ng trba aenstalﬂc
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intiyeenous or subcutaneous infusion, withdrawal of flu:ds as in wound
drainage systems as well as various laboratory instruments and industrial
applications, such as industrial applications where toxic or corrosive fluids are
pumped. | , |
Typical linear peristaltic pumps include those described in United
States Patent Nos. 2,877,714 (Sorg et al.), 4,671,792 (Borsannyi), 4,893,991
(Hemingway et al.} and 4,728,265 (Canon), the entire disclosures of which are
expressly incorporated herein by reference. In general, these pumps require
a drive shaft that is parallel to a resilient tube and a plurality of cams along the
drive shaft to move pushers toward and away from the fube.

Rotary peristaltic pumps generally dispose a resilient tube along a
circular path, with a number of rollers mounted around the circumfersnce of a
circular rotor-sequentially rolling along the tube to occlude the tube and force
fiquid through the fube. Typical of such pumps are those disclosed in United
States Patent Nos. 4,886,431 (Soderquist et al.} and 3,172,367 (King), the
entire disclosures of which are expressly incorporated herein by reference.

These pumps often have relatively low efficiency and impose high shear and
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Rotary peristaltic punps generally dispose a

resilient tube along a circular path, wth a nunber

of rollers nounted around the circunference of a
ci-rcular rotor-sequentialljr rolling along the tube -
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REPRSRD A5 e pet B 8 314 B 3he R e
to another and of the path. Examples of such pumps are described in
German Patent No. 2,152,352 {Gener) and ltalian Patent No. 582,797
(Tubospir), the entire disclosures of which are expressly incorporated herein
by reference. In general, these *finger” type peristaltic pumps tend to be less
complex than linear peristaltic pumps. However, the pressure exerted by the
blunt fingers on the tubing can reduce the useable life of the tubing and can,
in at least some cases, cause internal tube wall erosion or spallation resulting
in possible loss of particulate matter from the tube wall into the fluid stream.
Also, in at least some-cases, fubes with different wall thicknesses may not be
accommodated by these pumps, since with thinner than standard tubes the
fingers will not properly occlude the tube and with thicker than standard tubes
the tube will close prematurely and be subject to excessive compression,
reqtiiring higher cam drive power and causing excessive wear on the cam and
tube. '

In many applications of peristaltic pumps, in particular medical

. applications, it is imporiant {o promptiy detect when the pump ceases to

operate due fo an occlusion in the pump tube either before or after the pump.
in other applications, it is equally important o monitor the pressure in the
tubing. An input occlusion occurring in the tube leading to the pump will
cause the tube to collapse due to the fluid being sucked from the input side
and pushed out the output side. An ouiput occlusion occurring in the tube
leading away from the pump will continue to push liquid into the output tube,
inflating the tube and possibly causing it fo burst. In either case, fluid flow to
the end use is stopped or reduced.

One ty}:e of peristaltic pump that is especially effective is the curvilinear
peristaliic pump describéd in- United States Patent No. 5,791,881 (Moubayed
et al.), the entire disclosure of which is incorporated herein by reference. In
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There remains a need in the art for the devel opnent
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and forth, sequentially conpressing the tube agai nst
the platen surface and thereby causing peristaltic
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i n accordance with enbodi nents of the present
invention, the fingers of the punp nmay reciprocate
back and forth on | ongitudi nal axes that are
general |y perpendicular to the cam surface and
generally parallel to an axis of rotation about which
the camrotates. Generally, as the camassenbly is
rotated about the axis of rotation, elevations or

| obes on the cam may cause the fingers to nove in a
direction substantially parallel to the cam
rotational axis. More specifically, the cam surface
may be described as including a path, or a camrace
on which the first portions of the fingers ride as
the cam noves. The fingers may be aligned al ong a
pat h defined by the camrace. The camrace is
preferably | ocated on a peripheral region of the cam
such camrace, having one or nore race surface(s) upon
which the fingers ride. An axial plane may be -
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present invention, the first ends of the fingers may
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noves along the rotational path. In sone enbodi nents,
these rollers may be substantially spherical. Al so,
in sone enbodi nents, the cam surface may include a
substantially concave race. Such concave race may be
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may\mmrtactranm eolf onngthenrme raoveldleng e camerachas Hedeamgwirface

movee e@g e}ﬁe c ggglgﬁ gga{?fatln' sc‘orﬁgbéﬁ@%lh%lnlt% tﬁnleéé &S may be
subgtantizig spherecali Alsopin mmeaemodmnenie the TgaY sujfee;euhay include a
subst el GoBErin e pehy BV pos gy B feb(ad Such that the
radltmp?f tk@rlra@é it hergdemamthesﬂadwsntgf ’rhefnoﬂger Thosain effect, each of
rac
the figsavdcartande S eegate PoINRLIIFEals of prptact In other
embl@irhéts, He fdte Meyicken r&iebét@m\@bf Mepr&eidncsﬂcht hat each of
Fi gure 6A but shovvln thefln [
the refgist wif pontact opposmg? p%ns70n [bcg}sg% fglae groove or
deprd8SbRCIn §ﬂfpeﬂielir%?ﬁb&fimbhﬁs ity @é’éé fiay Sorfpss 8 tﬁpe@dagroove

perspective view of yet a further enbodinent of
and ghenpoliegs aray be cofresprndingly &anered poras foyride on a tapered wall of

the %cgurlﬁ S difie ﬁ%ﬁ&?ﬁ?é?ﬁél He G8cé Wﬁé}ﬂ@&nﬂnﬁ?bt fafedOdrea or rail

npl ng V|ce gure 1 show ng an opti onal
and dhe aolulerg ayay beagprespopdingiicantigHied saiag rteéld@f oR geEhdaised

area 5,10 ?J‘IS 'er %BII Yi‘ﬁ%\" ‘fe'n’flfddhl'ﬁeﬁt‘éb'tﬂeg I 1?1%9 rHonﬁpSth‘ﬁ aBrncu rved

expan I gur
camasurm::lel amhthe/rcﬂiwrs maydgm nmupi@tnecbw ROsitions ’&b\%ﬁﬁﬂ\dﬁﬁ the rollers

to i} SRyl i 8% e0r 2o of tubing expanston:

whtiki furthee inutrccgrdeticac evith tsondeembodinmenjagef ithe present
mvenf‘I jon bst rét IpSH mna?/n'in%)éppaonrg%d spring(s) or other biasing apparatus for
actively retracting the fingers after they have compressed the tubing as intended,
without requiring the fingers to be linked to the cam in such a way as to cause the
cam to actively pull the fingers away from the tubing. More specffically, the fingers
may interact with spring(s) or other biasing apparatus that cause retraction of the
second end of each finger in a direction away from the platen surface after that finger
has caused the desired compression of the tubing. Additionally or alternatively,
the fingers may interact with spring(s) or other biasing apparatus that substantially
maintain the fingers in operative engagement with the cam surface. Such spring(s)

or other biasing apparatus



15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON 90
The followi ng detailed description and the
acconmpanyi ng drawi ngs are intended to descri %‘fibnofthe

mayes stripturpdicealou for § MAre PrecieeHRIERS o CoBNY GYPh AoB®
flng%{g ahBVRGE! RBeisd 'E%nﬁ;&né\%'ﬂt[ﬁmﬁfmd Bv&aﬂjeﬁe@tlb@% prior art devices

scription and the acconpanyi ng drawi ngs are not
Whlqlﬂel@é’s@‘aquﬂl?n@d OLSRIEDINSPY @ @ﬁdul‘d@g Hotayse etraqting obgump fingers
andﬁ)?gﬁ'ugtholfe h#@tﬂenﬁ'rﬁ)% ok '&o@@)ﬁd ¥ Yhe cam suclﬂlﬁwﬂfescém not only
ow one e dinment o rotary axi al
pusines pacafinger tpuwpipdess the tubingfbut s pdlseeach; finaente eause it fo
FLgur device 10 is shown in an "open"
retre!cc Arr gﬁ?ﬁttﬁ%#bﬁ@r purposes of illustrating internal _
cogtib Hetties inbctdrdardewidesdite rortediotents bf/thefirgsané inyvention, tip
. provi de n_en w of, t ' :
memlgqr%%%y. B%?oc&geecf 8{|It A éalnd%ooﬁfe'slo%%rgrt %Iggﬂ'ﬂ 8ur918 ﬂ?@eg' Such tip
menilgars Geaylife Sdirmgl’blafed:ogomemwée hiade® tgpmoeidald gontrolled amount of

o R 3580 S IR A R BB B e

or "mﬂm@feﬂrbffa&ﬁﬁﬁmeyrl@@r mlcﬁés it ysdintch snaainpiratravel Sut 1fhacnempresswe
Preferably, the EI aten, surface 22 conprise

forca g b AT W) g a6 SPGB QSRS ARDSEaFa PPt B ear on the

tublrﬁj” fiGEledst sotidi smid dvh&rits SIHE ftip GRerdBer R mmdm thaﬂfthe width
be positioned on, at |east a peripheral re

of therROMATESRaMLFUEARP 0k e R0 SP%“%F‘WF%ES@V beSPEpRA 40 provide
for ¥ér@i% c;cglufsféﬁtzﬁﬁé tHeR @Pt%hé@ﬁa&v%ﬁh@y%résﬁ%e fuBktvsen the finger

an axis of rotation AR and has a cam surface 32
reaohaatts painkgfaaadmnapdravet rom t he pl aten surface 22 when

t h%tlf?lﬁ.ﬂ'{h%? ifig r&a‘}wcb %\ﬂfhne)&ggﬁjnﬁle A tHROSEL R mvePHER tRS pump

owWn |n I gure e appreci ated from
devncm may optiomady ofcludequsteain, gaugmtramdu% araiher apparatug i provides

f
an |F@§at%§t Sf c'jg;& oP%gfﬁﬁl %if gieﬁétftggt %)?fgégrs@ygdg d&:?ntr%@t% of the
tubirigpaefhad js liehm; purgpet thoougbfthe hdvingam 30 in the direction

' 36 | ib . . [
LTE T TR N
in i Uokdviby dtaifddndessipidn wimd flaimay, perticularly iwhgey considered in

assenbl. W t hi housing 12. .Th .
conignalgB a5 B irgor i whiEt e Bt e el e reference
numafdldy, one next to another, and substantially

parallel (e.g., within approxi mte 10 degrees of

parallel) to one another. The fingers 44 are aligned

such that a BRIEF bedCRIPTION OF.PMNEDRAMINGS nger 44 is
substantially parallel to the axis of rotation AR

of
t hEigtEs §0a perspective view of an embodiment of a rotary axial penstaltlc pump
device of the present invention with a housing partly cutaway, the device including a

cassette tubing carrier installed to the housing and a hinged platen door being open.



Referring now specifically to Figure 2, each finger
44 may include a first portion 46 and a second
portion 48. When the device 10 is in use, the first
portion 46 is in cooperative engagenent with the cam
surface 32 and the second portion 48 is adjacent the
t | aSwith the housin
PR B LRt DO ERE sh ol 1 PvigecP y
part[alpod:qi\awayl archthe miaten dpadyeing in a clnsed |of pagrational position (latch and
| osed between the second
stopaggér%{tlﬂg é-h%gﬁorﬁﬂir gl |0r?§§%lrn§'@44 and the pI aten surface
zagure 3is a mvdmhengﬂ@d petseeaiveevigw Slithe REMRXJeyicgfshown in
t. I driven
Figurd & ol g e ot or T B @ STRe ) ' 1
tﬁgsreeé(wrplpaﬂlallh sutieway: perspegtiye siswet afiegersi @scpidapce with an
aspec\f\'{a SMRAASY 15 rﬁ:ldd r%egrguo%tﬂéﬁgsé’d oéHPfs“cﬁ‘\t\}aWéaélement
contrguration an he ca I's rotated about the
aligereodA i@ magoermmone lpenbogiesd oparasnvingen gswsimily, af a pumping
devicd |9k Spréser}lt“ hg]errngﬁ'\gﬁé?‘éiﬂt ﬁebﬁﬁd%r%sfgréuﬂsﬂaﬂtléﬂ espher!cal roller
di rec 0 | ongitudi nal” axes LA, in ot
surfacedthalsijdesar b stibstgetialig drquets gamp tasessaek and forth on
Ff ﬂﬁg 4?3 f% Qacilag%hs f-AnothQ@%Mb%dmto@@ bé‘erMger assembly of a
ara tRi A appr oxi mat el y degrees of
pumpp@r i df the mrheerzixh\@n@bn mehesgin dhe i\me@thsr% sghgtpriiglly spherical
the cam surface
nﬂbré@ﬂi%ﬂﬂ@%i uﬁ@é@ﬁ&ﬂ%ﬁgﬁ aV|nEé%g%?5%¥% defini ng
vangwmgCeIseaaim@nrmbf enptheueMpedingmt of i Ramdinger gpgagnbly of a
fh OMESe o red roller
purmpfi Vs B bRt mEA T HECRE NG SByrBR o atiily tane
surfacceaimtsrude‘sane sBRstantialigltapasetheniagehe first ends of the
E;gl% 3,([)34§ Iél?é\d H oP SnBiar %%t?gdﬁﬁer{tr@ta cb&lfﬁfgelL %§§émbly of a
he greater the rate of change of
pummrrgedeampﬁ ti presentdaventiobwietein the fmer@q@@/@ﬂerrmﬁrsedace has a
I t
genellaﬂy(lefps[ agég m@ﬁtaﬂgmalt ﬁ&&%ﬁrﬁ% sPPﬁa@lrégP ré?%egecﬁ% RCE 86Mdce
| Giuyire Wd ik dmg@m @f ambﬁteammmdwyerﬁa@fa@ |cam/ingef tpgsembly of a
that rides on
purei] Fefte T3P, BESELY bncbR S HE FiOBRER Slolbrntaesin
a camAravarsurfacethiah atSUDstahttﬁilatﬂ@UWh%'aVleWﬁ‘é incGrpeeUFfcience of
her | he
R g PR T ar e TTICRIk] SEqul ANk Vevice of
inventiechani sm V%ere the 15 camrace length is
S i.all 0 e} f vice,
CAREBALES dos TEERIPRIRA Ruhay VLR b Bt e de
showar@n firgse ; asetmt:tﬂceimsdlonher eby enabling punps of the
present invention to proved the sanme or greater
punpi ng efficiency with | ess power consunption. In
enbodi ments that are battery powered, this inproved
punpi ng efficiency may result in |onger battery 20 .
life. Additionally, because the punps of this
invention may utilize cans that rotate about an axis
of rotation AR that is substantially-parallel to the
| ongi tudi nal axes LA of the fingers 44, such punps of
the present invention may be smaller in size than
prior art peristaltic punps of simlar punping
capacity. As shown in Figures 1 and 3, the tubing
el ement 50 may 25 optionally be disposed on or in a
tube cassette 60 and such cassette 60 nmay be | ocated
within the housing 12. The tube cassette 60 nay be
any suitable type of structure(s) or apparatus (e.g.,
frame, lattice, scaffold, series of clips, series of
ribs, etc.) that when installed within the housing 12
will hold the tubing elenent 50 in a substantially
fixed position or shape. Cassette 60 may 30 conprise
a frame 61 having a plurality of transverse nenbers
such as ribs 63 with notches 65 fornmed therein such
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B S
LA

mat eri al / appar at us, such as adhesive, clips, clanps,

not ches, . hooks, etc., may be used to hold or

ot herwi se secure the tubing elenent 50 in a desired.
position or shape within the device. Stabilizing
aveereTia2s2esf or exanpl e, web section 64 may be PCHESHE&E3609
on the cassette 60 for providing strength and 5

St abi | Fibie!diPiseh GroddlectaBRa CHRAENERIRvay ViBR FindBportion

be sized and positioned to fit between the secon

p@f hie sleyicsg sepstaptjadly dianticehigetigurgs6A Put shewingHoeufinger in a
fg mﬁ%%‘g‘ﬁ@"%‘w"-ﬁ gure 2. In sone enbodi nents the

ribs e sized and positioned to facilitate
al i-gnrfeguredfis eheerspasdiee view eflsinothes ambiodimaa offfeninvérdion.

tubi ng-.carrier 60 is.in [.| ed e t . h in
Surt adio ' 8 7k € harspad®h vl col et 8nalkhED eletiinBl, of =
t henping setise afittle dgrosdnttimentiseat , engage or register

W th eci fj,c. depressi ons, ,jndepntations, ertures or .
sur f ad oA s Seciane! Vit hiHol & BPRIAG of 1t PLEIG dhvice
6t Figute 1 Shisvibd entaptibRal |lfBaje b8amdbedétaraindgsthe @legree
shape_ and/or a desire positjon (e.%. , desired .
i &#mq@rp?r@%i veeted tthe ubingepdiagant 1a; the syirain gage is
{IBeRINIBIN Seahfgd.t ubi ng may be pre-nounted on or in

the cassette 60, thereby elimnating the need for

manual-igEe @B sg sediomalivievifroayghtsneofignioh dhe pemping deyice
e he L N it _
‘éﬁf Adle 1%Waﬁ %ﬁgﬁﬁal%}ﬁ%u h&fok He%g@tngrthgtdﬁg;ee of

ternatively,” t ape o e not ches

. dubingwaypansifironwhetsinouigle Wit adjacanibinghel straint gege is

, ; bg nerally triangul ar shape or 20
sl bedgft

ped so as to assist or facilitate
reboundi ng of the tubi.ng elenment 50 to its fully, or
near fully, expanded, non-conpressed shape after it
has been conpressed by each finger 44. Such notches
65 or other suitable tube-constraining or
tube-contacting structures provide partia
conpression or resistance to expansion of the tubing
el ement 50 pETMA! G0 BESCRIPTION OFSTHE IKYERTEONY

“perpendicular to the direction in which the finger 44

conpr esses the tubi_%g el ement 50,  thereby countering -
t he cﬁh%f‘é@@ﬁ'%détﬁfl tdewpﬁ'ﬁg apggmq]gcg}@wnggraws are
fR&hddd Biddigrib@RbFhe Su%@%&éﬁérﬂf alf, 'é%aﬁw%hésr& ShissTRbnts
50 as the finger 44 is wthdrawn "away fromthe tubing

ef eleninveotionddi theorranigntyrofathisr dateile@d| gesariptiemnand the

ST oL 50 Bl T B B i o

soupre offtipe myeptian mumiyosgs) , nmachi ne readabl e
el enment (s) or other apparatus/material that

Figures 1 and 2 show one embodiment of a rotary axial peristéiﬁc
pump device 10 of the present invention. In Figure 1, the device 10 is shown
in an “open" configuration for purposes of illustrating internal components of

the device 10 more clearly. Figure 2 -provides an end view of the same

“device 10 in a "closed" or operational configuration.

The device 10 shown in Figures 1 and 2 generally comprises a housing
12 with a piaten door 14 hingedly engaged thereto. The platen door 14 forms
a part of a platen assembly 20 which includes a platen sutface 22.

s



w Il enable a sensing (e.g., detecting) conponent of
‘the punp device 10 (e.g., a sensor that is in
comuni cation with a conputer, controller or other
processor) to identify a particular cassette 60, or a
‘particular size/type of cassette 60, or to identify
PrefertaB‘I? tﬁ’hé%ﬁﬁé‘r‘? SurbdcealIBERERiseE o %s%ﬁﬁ@t pléndp Gr %[]b‘tstantlally flat platen
1onal | to disable the devi ce 10 or
surfacgﬁzaTmnlﬁ @sgrfacea‘q;dpgy @orgprlsg{ %[rrﬂa?y e @qﬂtlon & aHeastaperlpheraI

reglon%? e ntéﬁog B@ackh R R PIEAPER U8, T devical®aiither comprises a cam 30
I mproperly positioned or of an incaorrect size/t

that rotates. about an axisof sefakipn AR ANG lirea eamisHEAoILI7g i@cﬁﬁwaﬂ from the
platen 'sPﬁédédﬂ v%eh%‘r‘é‘pl%ﬁ B@éft 1405 # Be @Izsé't%délt'bﬁ gﬁlbﬂ‘l" @s thay shown in Figure

urality o for_ ease of assenb

2. As raaxs@%gmmqtecafsom T i e é%’@asmtg’tetaﬁeuf the axis of
rotatiof} A?Qﬁﬁ% oﬂje@tb‘ﬁns&ﬂod's tﬁét iMiEREd B¥ &éﬂb\ﬁ 3501t #RWe iHdefood, however,
pIn cou ng t door 14 he housing 12. \Wen
that rotation eféhe¢ass n ﬁ@ﬁsﬁ"'lepﬂﬂﬁ‘ opppite ggBY 3@? @%@S‘%ﬁai nst a
cover stop 68, and a latch 72 hooks over the door 14
dvidg 1b@ﬁoﬂr99fﬁ%&eé R dnB© RS @8mpRek tl gfh.itallty of fingers 44 which
the cl osed posiTion, such as shown in Fig 2,
may fcurhea sy a&SﬁWﬁﬁM& megntgd ithiaitam heusngy 1% IThe figgers 44 afe aligned in a
substa?ﬁpg\? Hé@' LfayP! GRAMeR 8 %oﬁiéff aﬁ& d‘uﬁgtaﬁtwrmlbpreeg within
e resilient tubing 50 held in the cassett
approxnmbien‘gp degreescel pallePe %@o?an@fnﬁﬁle Broesh éf e éh%ﬂed such that a
IongttJdﬁJa?@ﬁé?lg’\ Bedch fibde? %ﬁ%b‘s@ﬁﬁ‘eﬁy %grfalléﬂlﬁtﬂe Bgt of RIABEARIONthe cam
the cl osed position, door free to swing to
30.. a fully open posi tion as illustrated in Figure 1. It
is to be appreciated that other arrangenents are al so
Y H¥irsDBortion 46 and
ﬁéﬁéhﬂgt g&vogé)seg@%ﬂ?% F@We %‘@%89 gg@ﬁgﬁgﬁ%ﬂ Iﬁcr;lg&ict | ion 46 an
a sec:bnuhgaert@m% a\NlﬁQm(tha denise AAnAdp Usanwesﬁéhpwf?rhﬂééﬁrﬁh%operatwe
engagi%[:n%nf:\g fi5thd %Erﬁ%uﬁgceb:?z éMcf bRl ALY atd]b%elﬁtrtﬁé faten surface

ustrated In F| gure
22. ARiljog eIeB‘Ient 98, nmsamg flezible fibbe émmedmf;suéa%ﬁ@tﬁﬂat (eg., polyvinyl

[ LG Vet isldispBsdBoetiecrthS Be@hdpbRions 48 of
ol B AR 408 el L pERS e Seeon
thefmgeao@banctﬂmetpﬂmem strfadecd?. of the cam 30. In 25 sone

enbodi nents, the fingers 44 are positioned within in

gl L dug] |shr%'té?ét¥|@ a%@l\ﬁ{jfhbefms BPFotfl?éﬁrmJ{ ‘By%ﬁthlﬂ@ %&Ms such as a

interior wall ousi n ocat ed near
motorakiverugeae meoltagpisithsd sbewn rr-‘dflgl@%a% ped 6B)s Instale r@xarﬁplfaﬁee device 10 is

S‘tl'UCil?lxg E@c%%ﬁatWh@Wﬂ%fdeacg Yb§s ﬁ 'thé aﬁsédr}ﬁ Pérgﬁcﬁ‘lal BMHA§hrEbn and the cam

rirse a plura [ ow cavities
30 is mmtabtiaaiube’w ’shetmws ng r¢ta1m;peARg e ﬁﬂ@})fﬁuﬁﬁrﬁ@"@s“%@f the fingers 44 will

ureupr&:a'te lggcﬁ%n%h% Itﬁé cWeEﬁBn of their longitudinal axes LA, in other words, each finger

44 reciprocates back and forth on a longitudinal axis LA
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30 respect to the camrotational axis. In other

enbodi nents of the invention, a single housing cavity

may be provi ded which substantially encapsul ates two

nore of the fingers 44, for exanple all of fingers

40 20077623268 t he housing 12. ‘The first pPOTUSING033609

46 of the fingers 44 may include a noving el enent,

f %t wr&kﬁmgw eiaﬂaﬁél (6@ \/Vﬁttﬁr'i‘ abpﬂﬁﬁné»tegm oadédﬂéésasﬁaé}éuer)
cam 3 nbodi nents, a rac such as a

giodbeéinSdli;ﬁfP‘fég@F GR Oftﬂﬂeaﬁﬂkf“ 3tc.. is formed in the cam

30 and the rollers 80 ride mﬁthin such race 32. In

e e e e AT

r:@gm ha}NmemmmUm/ déﬁnin@sanyhngeamm:orrmﬁbammle‘aee BResuch as
Iers ical rollers

b
HRGREE o7 86 58GuE o Falr Plas® TS Bobate B pryfiiatc
endtiorpbf thedirigenga4 as 4 varmhauiach aznmmweedw_ the st ends

so as, to fr r ol ons in
e anderirtd it W BelriasinteB iR, yhiel Bohore gaSdments,
lthe lgReatenipad bt haB i@ BMthkSIFP 0t tBE cAm3oB@sL. theBmotdBower

fingers 44 are positioned in an array, one next to
dﬁ@@'@ to gReraig éhe BHEPr BSEWSRI the ntmrbparhecarﬁa?%mvenﬂon
1] BEPRRD FRCrRMALS Prefsinkoniog slosdival) pigne t
ithe @xisi efncar Hetatiph.sthe irgumégrengs ﬁfnthfscam gBrextendl pearly to
the Q&é yoWe?) 'ﬁ%ﬁéh Y a0 Bl GAEE at%tip %’ce& near the
peaks. of succe cam tobes. e nunber of fingers
Lircumierencsy of fthe mrﬂpéreby fachiavab cutmaximiimgeary tage length
0. finge Ln 0 Si

I v 4G Pl afe SERERBS I B ahaRi®S e the

(mhe raaeolwgﬂeisa‘smbs@wtltah\gallong tompareldniovriset and Hailsef tfe cam
n 48 .of

Whescn Siah Piie R boa e Sind SERRGT B &R lonediS ap@@inereby

. RABDbERY Ipyirst endse Peynd ibentibauki peovedoiht sdainmé aﬁregﬁ%ter
- and cont%cts tubln 50 held in the ca sette tub

PYHPING eBigiency with less POWSE CongumBien. 4 %ngdtmenm %hat are
pRgeRRded, qmsqw@r@%@%?ngmﬁg énieleﬁ&;e&%ptresmﬁ WrigeR battery

refefrence i s made to Fig nd 4, whi ch show,
fitgs péd@filvléﬂﬂv beerusgsthg eP\H”@R,S thh‘%'nae%mhﬂt‘@@p%'ﬂ% dhat

P&éﬁao%%h%’%gV bﬁw w tr@taf?&? ARNgaf lé%m{anﬁgnya\e@yan&r gasn the

axl al cam cut - away perspective view of
jangitutiidabaxds h@ecrf tha fi naerSn@Z Whmmobmag@m invention

Eﬁﬁt KL Snaller in size than prior art peristaltic pumps of similar pumping
capabity. As shown in Figures 1 and 3, the tubing element 50 may
optionally be disposed on or in a tube cassette 60 and such cassette 60 may
be located within the housing 12. The tube cassette 60 may be any suitable
type of structure(s) or apparatus (e.g., frame, lattice, scaffold, series of clips,
series of ribs, efc.) that when installed within the housing 12 will hold the
tubing element 50 in a substantially fixed position or shape. Cassefte 60 may _
comprise a frame 61 having a plurality of transverse members such as ribs 63
with notches 65 formed therein such that the iubing element 50 is received
and held within the notches 65. It will be appreciated that instead of the

particular cassette 60 shown in this example, various other

10
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The punp finger 44, in accordance wi th one aspect of

the invention, may include a tube occluder surface

88, such as a | eading edge or tip 30 nmenber, that

fully conpresses the tube 50 such that the | unmen of
Woeodhesd0 beconmes fully closed or pinched pffrusdeeamsssos
the finger 44 is at or beyond a desired anount of

f e t : ; L0g [
EERaFaRSaNE SHREL af Sabeniyt B, MambEORHIhEs, ok, oo,
tmay bk usefFdo heldanmpdibernvise skaure rthe dibieg elesmaid0 ihiandegired

el RS B YT BRVES o RuiPlns Sbhre oy Maps wer
keytnd 64 maybeemsludad Sors thef esssed 60 ;?mgrgh?g@spmngm rand

84 qof the finger 44. | usi.on, el hpwn ...
Sasdivg ittt » Pokars aepairtud divs 61 Ry e S pitioned
88 fib bét\n@ehethe|s@§@rﬁd£6ﬁi_oﬁ§)48&if%@ijébén$ Ahgarbla. Figs is shown,
exanpl e, in _sone enbodi nents the OCC|U%IOH el e

dor ke In fitred- dp SORERBROdiIHENiSae rgp Ofrmay b& 528 and

RREHBAE % A PRMRNigRMANES i chERUEONBINGS&rAS 60 when the
surfaces 94. Ccclusion el enent spring 10 96 functions

tebing gerrienSlbiscingiailed teltheriont bousiag snrfage Erdelihis may be
O3 ens! . _

BB R B R, Pl ARSI BACREF LB g Bcioter

avithpspeeifici deppessigns dindardationst Apafiwes wresurfeggs of ihe sgvice

I [ r-aW ° ' I :
FHRY BBt oy Bt b el st B QM Slebrk BTBRL i
desipr ebspeoandfur halesir® posilioh (¢.hatdesired atpnrhiént) relgthre Withe
gorti %gs of the conpression surface 94 are | ocated on

Pg#E*%si de of the occlusion elenent 92. It will be
appreci ated, however, that in sone enbodi nents the-
occl upl a6me!nbsdinehfs, mm/tmgpmagt benge-neduritat ahi @nia the
ot her than ni dway between thedggrs of the conpression,

sesgeliedst sherelly miiminating dng feed Sor manyak hanqlipg pad mounting
bt NAE Bty eRn®dWB0 Witk Sthe2 #fnipS délics uhg! amiddiohylly or

the sane as finger 44, with an exception being that

gltergativeiy she sbapaof theaneichesB%.a0N ehebsutayyangdisingdegpugh

j : [ r '
PR LTSS S el A1 0 R e o
ey dieeotheivisabhapest seasty assiston faciltaigoebogading af theitybing

FRERL 5% 3 PP Br OB RS RSl e b areri
has besh eompressed by each finger 44. Such notches 65 or other suitable
tube-constraining or tube-contacting structures provide partial compression or
resistance fo expansion of the tubing element 50 in a direction that is
generally perpendicular o the direction in which the finger 44 compresses the

“tubing element 50, thereby countering the compressive effect on the tubing

element 50 and facilitating rapid re-expansion of the tubing element 50 as the

finger 44 is withdrawn away from the tubing element 50.

Additionally or alternatively, in some embodiments, the cassette 60

may include a tag, barcode, sensor, switch, triggering mechanism, identifying

_protrusion(s), machine readable element(s) or other apparatus/material that

will enable a sensing (e.g., detecting) component of the pump device 10 (e.g.,
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25 elenment 92, fixed elenment 108 nmay be | ocated at or
near a periphery of the conpression surface 294

rat her than substantially centrally as shown. Ridge
portion 106 functions to provide a focused regi on of

aes busiBiesas head 284 presses agai nst tubi ng rdurisnms/033609
operation of the device 10. Referring back now to

FLOUE R of thbh & il n&f’ﬁmﬂﬁgﬁ?&ﬁr fvg{hggfg%rhpﬁﬂgldggorﬁrcglgr or other

retraction mechani sm 11
pprqceawrn@ ddentifie af pagjenlan sassedly $0.0a0 Bhearfitdarsize/type of

SRR o7 55 US4 Y T bABGIRE P LSS BB b
ﬁnpt:(dmslm tgrd:samhes ithe ﬁurripydquma 10 onipngyige an ]alé:‘rm fe.g., audible
t retraction n
PRI, 661 fn Pty Sort AR b tesaos 0.1 Shagt ieproperly
epcdifdredidr of kg iHodridct singrapesete. housi ng aperture 126

when the finger 44 is.installed into the device

housi ng 12. 5The punp device 10 operates in th
follo ﬁwﬁe%'ﬁrﬁégureREftE? HW°H§‘“9012 rF'f"ij dg a gk SUPF’Ort plate

W7 RO ItOYLtRES H)Péi@?dll%ﬂ:folt%h‘@r @e%@o?gséé]nﬁp%tngﬁﬁﬁies@gmb[y as

action causes- | ow fromthe

r "Qﬁ‘i’@d Pl hpuﬁggrﬁ aupmkﬁetheﬂangeq platesy gogn14 which pivots
an AR # @hy %ﬂg@ggggmqé &W@%g%@&g B2 Vil FPthe

cam rst finger “and | ast
fdlogpelr positien, dhnel dbob tdergstscapainstya cavey $tgp|§8 emdea]dmuh 72

[ Iy sively
ok bl E dobh 2 E8itthd e ABITA T BE CRfpagRER
surface 32. The occl usion valve el ements 92a and 92b
of t hén fHe dbseﬂ’pbélt&m; spetips Ehoge irsFigdee artde%br 14 provides

erate t ud n_of b|n reat n
bty et SooRen i SRndealRcstHene, B Gaeretsin of
fthe esiilichd aubaRdsd Askd ip e cadsege rtumﬂgacarharﬁsot hrae ¢ladt BPmay
rot at es m)wngtheleft camI?bet ri t he
decepened and released by lifting the laich 72. hen ot Iatched in the
closed position, the door 14 is free to swing to a fully open position as
ilustrated in Figure 1. it is to be appreciated that other arrangements are also
possible for effectively and conveniently securing the platen assembly to the

cam and plurality of fingers in a functional manner, and such arrangements

. are considered to be within the scope of the present invention.

As illustrated in Figure 1 and Figure 2, the housing 12 substantially
encapsulates or contains the plurality of fingers 44. ‘Each of the fingers 44 is
oriented in an axial direction with respect {o the rotation of the cam 30. In
some embodiments, the fingers 44 are positioned within in individual housing
cavities, for example defined by interior walls of the housing 12 located near
the circumference thereof. For example, as seen in the exploded view of
Figure 3, the individual housing cavities may comprise a plurality of hollow
cavities or chambers having finger-guiding surfaces 86 oriented axially with
respect to the cam rotational axis. In other embodiments of the invention, a
single housing cavity may be provided which substantially encapsulates two
more of the ‘fingers 44, for exarﬁple all of fingers 44, within the housing 12.
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| eft punp finger further extends to conpress and

occl ude the tubing above it while at the sane tine

the last finger retracts and renoves the tubing

occl usion above it. Fluid in the tube 50 now starts

o fobmasdk® the right past the last punp fi ngecT/ubmoes/o33s09
addition, fluid fromthe inlet side of the tubing 50

- begi NThe sﬂg% drid 46 BE+ Jﬁ%‘ﬁ?g{&ﬂs aa%?frhéwy Q%&\Lﬁd’gle{nent

t he Ie e secon nger

o‘ame:kammie corlenBe shieh nides upon ﬁlwrfacg raf the gogeddett some
Q i 0 e

AR i 95 A0SR oy ORbANoh S ARTBESSE o

firh thhedl chnn :B(]henti tthé ngliere 80 ode Mhtrhajcrh wmte 3hd lrﬁ itthe example

| I Lt
ShoBhrEgbles aimanturd tdrd Trags 408 ArRs R AR e the
YNRERS sbh@talt@stAm@wmwélyn @srin (ermlﬁﬁﬁmﬁm‘étv)rheraﬁbé hellers B0 are
| obe arrives under the first i)np fi n er c pt ur | napw:thm

sebstapiialireseitericali Bep EligEe Mah er id|5§f’ §?fat51@

fréd%@é@ oft4he en&.@bf %Sﬁn%%r@ﬂz; QRS kﬁ@lN@%Bht@ré!‘,EHﬂ?%h?ax@ 50
ers rolI", rotate ride or otherw se

arsd@ f et fc&lcln a!thdlfﬁf@ﬁn% i arfashiph sépilag Aot tha bag ifpr Palipeint
g% nd race, such as a groove or depression. The shape
the roller 80 or other noveabl e el enent may
correspond to the shape of the cam surface race 32 to
pr.ovi lﬂzethémfbodmemsaaj'iqmgimﬁgumsm -Fredndn@ & thef fingess 44 are

baliHeRL n ey G, BER® wiotisty B S8 ol Rt Wah Jeheral

 baigling suefaees 86 fwdteh ﬁ@mtztalhé,uosnttsnmgbﬁttmmgﬂr‘a yidaoven diecam

and %ge rollers 80a,.on

hnapare emaniRantsn At s, TRBRIYL BRI 20 Jast pump

htgéistztmn tihe Yarsgamagnele rgzénlerafuyrm slighdriewith ch@tpeaks of
race surface 32a,_as shown. |n Flgure 4B, the cam 3ép
pldccessive camdabes cENapYMPREST fingess fé may: vaky. f 9“?)‘ Pem

aﬂolﬁr@% 8RCHd @Bo@msotﬂr@h kPl %§re895péiﬁzﬁd1%p&h NBET esired
44 have- substantlally spheri cal shapes and

f
@mflcéﬁfpib gsined degreedll @HW@C@W%tot%ﬁr&Oﬂéld?raﬂons that

_‘ \EV“ M.l)st a‘%?ﬁ"%%”‘@“%“' ng opposite side walls of

aped race surface 32b, as

-shown. In Figure 4C, the cam 30c has a race surface

32c tHe semnsiuybotiamt4Sadl gachafiegerdddimalutessa dead mpriidre 84

bishracRasE pIReln BBl UR:Folbyf T ps%'f‘f?lﬁ?%z And

tortacis hadfimns0 abldyin tiepesissatie aam@ 2arriea80.shown.
F| gure 40, the cam 30d has a race surface 32d that
npri ses an el ongate raised

a (e.qg., arail, hu '
or DAY End TR BeRLY SSGUEARY GaLohs SpasPhyte Prosert

ﬁfl&ﬂﬂ)ﬁs réferdnid Q@tn‘?édeo!&SF?QV gRfhdon \Mlil@ih 'showW! f‘@s‘b@ﬁ’[t@lﬁﬁ hhe
that they seat and irmy on the race surface

dipiipe ﬁ%ms@]@me\mﬁt £XRjoded agsp?ﬁé!eda@wm@ aigsfinger 4é pulied
i r?{g oM 348! EARL30, SarpbBSE Ak ;Bé’rsfaétﬁﬁreaﬂgutd?ean individual

ers are mal ntained in positions such that they
firigge 46 having vedees sdvariege@Bdeatdtesshown.

The pump finger 44, in accordance wiﬂz onhe aspect of the invention,
may include a tube occluder surface 88, such as a leading edge or tip
member, that fully compresses the tube 50 such that the lumen of the tube 50
becomes fully closed or pinched off when the finger 44 is at or beyond a

13



Qperation of an individual fingers 44 of the punp
device 10 nmay be nore clearly understood with

reference to Figs. 6A and 6B. Figure 6A shows a

finger 44 of the device 10, aligned substantially

[Yé 2007/8%52680 t he axis of rotation of cam 30 (PﬁE/U§3@P§U33609

~of rotation being represented by dashed line AR in

Filguineg fgunt\Gifidrwaad biviBehdnt ang., hiibnahe fihgehdii within a

| 12 pmi nt.ain po i oni ng of the f|n er 44 over th
P Shed s, TORARUT dOMEIT Crg: of PO xR the
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15
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30

4dmbsdirRat SSbwH, FiRbEr 4&?:06%%&@ 2GR VaHeE sloi'be through which
retraction spring 114 of the fi nqg?o?rj 44 ext ends

t ;EpURhbiered spaksion slement &2 exiendsotlighiiybayonshay crgpression
r Sitfaca Gl M?%BtMrEO§ HATRG% #0&3 4ASO§89¥Y8n didifent 92 is

distal end of the occlusion va ement is 1n
cshwactsuhﬁiﬂhtlallyutceatﬁalbq apatas syutmt ahﬂadalppptlon 82 but other
S h d I bin
gﬁfo%%rbg? eﬁ%o bk gﬁ{alb% | nﬁda%)%&ﬁéééa%n%t)rﬁ? rﬂ_lgkf‘dlments the
scwcfmum é@n‘mmtsrﬁansaylum B8ated off-centbr, gmfr meaﬁBarshbmsrlpheral
e. action ,of ger. 44

rRgioB o o ok obbBRSEioR “wliopd g4 T DRERSRh HerBPitting

rag lf@tctidhs daubibngthe ocmligksi Qamemahtv 82 etbeaﬁ rgxt@Rietdo posmon

SETBLSSs o U SE RORSS oDl S SH 228,20 Bt

VRideepinB IMioR GfispdRefl W 6F hodtRidied WithSipthgreaCiOUgh e example
valve element 92 to this extended position as

rBoWNaim e Krawings g el ©cslusen1 BieMERt giggfs Mesttioned midway
akdad ppddtt crdS o?'ﬂ%oh‘ﬁbré:ds% sérfacangs GBchtthst bAaCsach

of cam surface 32 is defined by a concavely curved
tingar 44 podions o5 hesetpigrsian sutaey 94 AER locpied ) ¢ither sigle of

GRE R&ikslo ?eél\én%%?tg%d tlpWinB a;?d’r@él%ablh}ﬂwe%}e tﬁétoﬁts some

section o e camrace di us t hat 1 s sonmewhat
|esmizpetimeniariha oceldsias etﬁmeni@ 92 cmazsebe positignedoztdeeationgtother

3y i ot TP, O i EERAEL RS 84, DTl o

" contact. In other enbodi ments, the cam surface
i ncl utaminy subiguenb] ah laﬁeMaﬁm ﬁlhgecrraﬂrdsis sboWnorFalhger 244 is

race, t hat eac e rollers.contacts

SOPstaniAling e B8 Tnfes A0 wiEanSadagih AehS SRl 244
o8BS indt hakd l@ tﬁﬁova&:&; or l@@rngg biaged egciaiilﬁﬁ %Ie!mitlgczgabthmstead
race, nma a ernatl ve e rovli ure OWS
Has A Pk liseTw T &é?mglea%tri'qgeg‘tﬂ?\éo'ﬁ Z@@ 8"8’? located

'd&Y&Wdf%rrYPré&@ﬂsur‘fﬁc%giﬂ 2 tﬁtseém@cmﬂn@ﬁﬁﬂﬁli}é %ortlon 106 is

assenb his device 210 is substantiall

gmaocag’tedemtm the1 beadi2Bh of Hei fingey 24t f bike rm@\féﬁ%@ ﬁ’@clus'or'
I I t

o2, 150 Uhrhelh 4ha i A9pepl Aty of

aminptessioni surkiceidd4pather mmwwt@um@ﬁraﬁh@sm@y@nt Ridge

t
PEAERARL M B A B4R 2B S BRI Enddfone
pl‘e&eea‘gandshinbhg carripb aparatiph aff e davidealfe 330 and ri bs
or rib nmenbers 332 are incorporated into the door 328

nner s descrij bed a
r espegwelrnggeaﬁé’o‘foto T80 esﬁ%g%l% s 'éHw flte a
pRefRtieN tnsdhadReh NO3iféd BiBSIng the second portion 48 of the finger 44
away from the platen surface 22. The retraction mechanism 112 may
comprise a retraction spring 114 mounted in the pump finger 44 and held in
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250ptionally, as shown in Figures 1, 9A and 9B,

pressure detection devices 132, 133 nmay be included

in the device 10, one just prior to the first punp
finger (inlet side) and the other follow ng the | ast
WwospoTichsrger (outlet side). Alternatively or PCT/US2006/033609
addi tional Iy, an apparatus for detecting the pressure

ﬁ);blgttl i #WB&J&% PF 116 0\44 ﬂ‘églbed-r@ﬁd YR 6¥gthéore{r§ction spring

y CO §ed by pressure detect
dleM; ertehdiRg oua@am fmtmawrtuee 422, ﬁcﬁiw fcwreecem@annr@gure

2 Fdnder o rd, BudiE ATk b SRR BeflBa into the

drflcediousingdp. t he strain gage beam 133 varies
directly wth the amount of pressure within the
tubing 50 at the Iocatl on. of ressure det

devi cahegpimpy daviay! & 8RR8I [8 P fglf RN Fedrethg to

Figure 2, the direction of rotation of the cam 30 in the pumping action causes
fluid to flow from the left fo the right. Pump fingers 44 have their rollers 80
cooperatively engaged with the cam surface 32. Due to position of cam lobes
L, the first finger and last finger, 44a and 44b respectively, are fully extended
with the fingers 44 in between being progressi\}ely retracted as controlled by
contours of the cam surface 32. The occlusion valve elements 92a and 92b
of the first and last pump fingers 44a and 44b, operate to occlude a section of
tubing 50 creating a captured volume of fluid between the first pump finger

44a and last pump finger 44b.

As the cam 30 rotates moving the teft cam lobe to the right, the second
left pump finger further extends to compress and occlude the tubing above it
while at the same time the last finger refracts and removes the tubing
occlusion above it. Fluid in the tube 50 now starts to flow to the right past the
last pump finger. In addition; fluid from the inlet side of the tubing 50 begins
to fill the tubing eection behind {from the left) of the second left pump finger.
As the left cam lobe continues to move to the right, subsequent pumping
ﬁngers progressively continue fo compress and occlude the tubing above
them thus causing the fluid in the tubing to flow to the right and fill from the
left. In as much as the cam has a plurality of cam lobes, when the [eft lobe
finally arrives under the last pump finger (right most), another cam lobe
arrives under the first pump finger capturing a new volume of fluid between

the first and last pump fingers 44.

Rollers 80 or other moveable members on the fingers 44 may roll,
rotate ride or otherwise ride or track through a cam surface 32 that comprises
a race, such as a groeve or depression. The s_hape of the roller 80 or other
moveable element may correspond to the shape of the cam 'surface race 32
to provide for firm tracking and minimal wear of the rollers 44. Figures 4A-4E
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transducer may be used. More specifically, the strain
gauge beam 133 5 operates in the foll owi ng manner. As
the pressure in the tubing 50 increases or decreases,
the tubing 50 swells or contracts respectively

agai nst the fixed planar platen so as to cause the

show gé\feﬁ‘&llﬁo% %B@%Ek&ﬁ S BF fiffs c’!c}ﬁeptl%!:fggréalﬁ rﬁne%am 30a has a race

erent sure agal nst trarn gauge beam 133
surfacand2a h‘.bateby subsiagfially hercuate aand drigelisseaibaden| bet fingers 44 are

substzﬁﬁlahﬁ? R atsHAR! éo?ntéggoﬁd?néagﬁe d[1th tﬁa'ﬂﬁ"legl &t éhd’ rJIIOf[rmly on the

measured froma strain gauge Is proportional
arcuatecracmeummﬂa o$ skiein.de Figyre #Beths cami Ibdasgerase giiface 32b that

is sub%w]‘taﬂralilyef it p?a/gﬁ Y& ’se&%l 'Qﬁc?ttlﬁéqgolﬁerﬁe 8@!)‘5%5?1t EHeCfmgers 44 have

raln gauge allows a Sy st
substajwtab,r sphregicahghapes and ae qfrcegsspanding slmswqhbthﬁgtffemrseat and roll

firmly W ep %%ﬁtfg{g\etf b % Je s 1) tfgfaqlltlg@ \‘?Qhaped race surface

erring I gures and
32b, q[ma}pnwrg lodogurs, 4G, tmedcans 3@pahm 4 M surtRcELRS 'thabISngubstantlally

of
et BAPHP S 80 LE B W oot PR oo
size sach thak éieyosea apglrgll fimide in &%uﬂsmtlalmtamreﬂ Haces 32, @ shown. In

Figure; LD thlé' &@%@8%&? P& EGacd %{hgﬁﬁﬁn%ﬁbe@rﬁél%%té Naised area

occur causi ng t I Ng
(eg., emdall hpee axrtmabl)aesdatha rolier G0d dhaug abezpontiag B00qyee 5 indentations

formeg%%et?\yr U Hggée SGonl it byt 88t aﬁég{all ?lh'gl rorf ﬁ‘\%r SRy surfﬁce 32d, as

tain auebam a330|ate
showrpnregsg:ur@ 4Eetheo¢an@ ﬁoel d;ras @eratd surfacedddd bet lStwhaiiadtf,aiw@t and the

fmger%%% rﬁ%iplé%ne%sin BSSﬁorﬁs”leh Wi St Bide! dn thE Fa@RMHALe 8%¢, as shown.

Operation of an individual fingers 44 of the pump device 10 may be more clearly
understood with reference to Figs. 8A and 6B. Figure 6A shows a finger 44 of the device 10,
aligned substantially parallel to the axis of rotation of cam 30 (the axis of rotation being
represented by dashed line AR in Figure 6A). Wall pbrtions 12a and 12b of the housing 12
maintain positibning of the finger 44 over the cam surface 32 of such that the roller 50 of the
finger 44 is seated within the concave cam race. The retraction spring 114 of the finger 44"
extends through the aperture 126 of the housing 12 and may rest against aperture surface
126a. As shown, the distal end of the occlusion valve element 92 is in contact with, but
causing no substantially compression of, the fluid filled tubing 50. The tubing 50 is being

held in place against the platen surface 22 by means rib 63.

Figure 6B shows the action of the finger 44 as it reciprocates toward the platen

surface 22 as a cam lobe L passes beneath roller 80 causing
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towards the tubing 50 exceeds a predeterm ned anount,
a controller, conputer or processor associated with
t he punping device 10 may provide an 25 inlet

occl usion al armor signal and/or may invoke some

WOR%SfG@”EdI al measure such as automatic SPgtudaosssos
e purrpl ng device 10. On the other hand, as seen

Jluyid i
rchistbTo v e 7, 1P SoMEE O R PR Auaptat s pltapsurtace
|22 the sudtddiyviaid ﬂdwltﬁbrfeﬂ"@mgmblmg SE I RRGO 0B sprmgs 96
obstructed, for exanple if aP outlet.tube is bloc

cfk'”‘ﬁil%’éﬁ@d)'%ﬁ Wesw%m% YRV £lempnt §anp, thlﬁ@#ﬁﬁ@?éd@élﬂpﬁ as
%@t?&Hé@b g«@ gm& mqh%gﬁ%d\h érw@wm thereby

causli ng t 50 to swel uch swelling of the
t ubi ng 50 causes the pressure det ection device 134 at
t he o showenid Figs. tofeansLiop, hevaerofican sudaessd2 ishdefined by

Eae%o‘}lc?vglﬁ%ﬁn%%%@ﬁs%érs@%?@é&' SRbh WAL bRt tRE RIRVES can be

freely seated therein. - Preferably, the cross section of the cam race has a
radius that is somewhat larger than a radius of the roller 50, in order that the
roller 50 contacts the cam surface 32 at a very small region of contact,
theoretically, a point of contact. In other embodiments, the cam surface
includes a substantially V-noteh cross-sectional race, such that each of the
rollers contacts the cam surface at two substantially opposing "points”. Other
configurations, such as a tapered cross sectional race, may alternatively be

provided.

Figure 7 shows an alternative peristaltic pump device 210 of the
invention with an integral platen and cassette assembly 216. This device 210
is substantially the same as device 10, with a primary difference being that

device 210 includes no hinged door, latch or stop.

Figures 8show another embodiment of a rotary axial peristaltic pump
device 310 of the present invention with cassette tubing carrier structure 318
incorporated into a hinged door 328. For example, in this embodiment, a
planar platen surface 330 and ribs or rib members 332 are incorporated into
the door 328 as shown. In the same manner as described above with respect

to device 10, the door 328 pivots between open and closed positions.

Optionally, as shown in Figures 1, 9A and 9B, pressure detection -
devices 132, 133 may be included in the device 10, one just prior to the first
pump finger (inlet side) and the other following the last pump finger (outlet
side). Alernatively or additionally, an apparatus for detecting the pressure in
the tubing may be provided. The tubing 50 is partially compressed by the
pressure detectlon device 132, 133 which exerts a reactive force against a
preloaded strain gauge beam 133 having one end attached to the housing.
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device 134 to deflect away fromthe tubing 50 as seen

in Figure 9A. |If the anount of deflection away from

the tubing 50 exceeds a predeterm ned anount, a -
controller, conputer or processor associated with the
puppiongeseevi ce 10 may provi de an outl et occl @€irmis2006/033669
al armor signal and/or may invoke 5 sone desired

reaRditRe AARASY ro? o‘%ﬁ@&oﬁsoﬁﬂboﬁ%h %g%@ WeaflP¥83 Qar, déé‘ %ilrecﬂy

punpi ng” devi ce . preciate

t Wih ithe ampoE ¢fa§fel§é'¢l"ﬁ Wé@erthﬁewbm éab@iv&amiqcatfon of that
r c exgNp or gﬁ,ﬂ{ o) e
|§F\?§£n ?oﬁet?g &f “%/ban oushg‘?{dl t%@m&%g e 3 gtre}uli‘ gauge
aﬂmradac@romyabﬂj LIS'BdJ f i Mats ewiﬁmﬂy,bmmntgaug@ bdeﬂm el33

e a es b nent depar.t f.r t.h
SRREE B g PR sD At e pte gt BE B ubifg B iR eases
eo«ammteaslea,nmeethgimgrﬁo owellst dr,radgnmetsqfespmewelma@d_ inse the fixed
or, examl e may .be i ncorporated . intg or use t

it e sh gt i causs MeRaES dbRcBaderSs 1l kg eert
rBfstent prassie dirmeme Qi‘alrﬁ?j@ﬂ’@é @eatﬁSIGBta@@tﬁe:fe@? chhsge the’
i nt ended use. where the steps. of a nmethod or 15

PG gaugs Be%@st&flesw ﬁss*ﬁé*&e'besfébiaﬁhﬁédn the an, the electric
pﬁ;]rtd: GHESSurd dedm 8USHaiRt §A% Aﬁ@p&ﬁéﬁé?rfée%é Mrddlht of

order unless to do So moul render the
glefeetionetiie skaiaxaapde beam evkgriensesi oMeracyern grlibsding the

Ul R OLiBRE Yotk 'tﬂdé strdln tg%ﬁﬁ;é %Ii&k@ﬁts%% % dcfé’ﬂé‘l?r%é R Smount

forits |ntende use. reasona t1ons,
céIpeessores n thediubingator dhe pamsal af rressuon seatieg Bod lsclusion
%%dﬂssclnggr ed equi valents of the 20 descri bed exanples '
enbodi nents and are to be included within the

scope of the following clainms. What is claimed is: A
per i sRefdriiny fuFigutkesy P amdc@Bpais pumgingaogelies, éinidhiavdragndnto
Qheaﬁ)ﬁﬁipstld[nng §0 from the inlet side. If the inflow of fluid into the pump
.tubmg 50 becomes cbstructed, for example if an inlet or supply tube is kinked,
or. if the source of fluid become depleted, a decrease in pfessure in the tubing
50 will occur causing the tubing 50 to collapse and lessen its force against the
pressure detection device 132 in the inlet side, thereby causing the stain
gauge beam 133 associated with that pressure detection device 132 to deflect
towards the tubing 50 as seen in Figure 9B. If the  amount of deflection
towards the tubing 50 exceeds a predefermined amount, a controller,
computer or processor associated with the pumping device 10 may provide an
inlet occlusion alarm or signal andfor may invoke some desired remedial
measure such as automatic shut down of the pumping device 10. On the
other hand, as seen in Figures 2 and 9A, as pumping occurs, fluid is pushed
out of the outlet end df the pump tubing 50. If the outflow of fluid from tubing

50 becomes obstructed, for exambie if an outlét tube is blocked or pinched off -
outside of the pump, an increase in pressure in the pump tubing 50 will occur,
thereby causing the tubing 50 to sweil. Such swelling of the tubing 50 causes
the pressure detection device 134 at the outlet end of the pump device 10 to

cause the sirain gage beam 133 associated with that pressure detection
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a tube positioned adjacent to the platen surface;

a camthat rotates about a rotational axis, said cam
havi ng a cam surface that is spaced apart fromthe

pl aten surface; and a plurality of fingers,
sachofemsger having a first part nearer the camraszhea033609
second part nearer the tube and al so having a spring

FQLvidl B, P%cft I rfrc?lWatMe ft% g Bh et sHhe, ﬁﬂnﬁxlgﬁeﬁ 9A. If the

| ongitudi nal axi s I's substantially para

t draourdt eft deﬂea:lhoaxa\sasoffmméh@ diping 5@ excertds @ ﬁ@d@@rmmed
e ment t e
rBtaT s Bt AU Bh o OEEe Soscehibd B Wa® pfifiPing
nawigeeat( Alalyyorivddd aanﬁltlébntdh,lsm'e qlaemtdrasligr;al andi[ur ey ingoke

the t ainst ,the platen surf there .
s iR teeait mesliren A PG it puming
tdé%&g'ﬂ[door that may be opened and closed to all ow
access to the t ube, wherein the tube is nDunted
on or in cassette and the door nmay be o é@gned

gai n e ke ABPIEIARN MEkBwANvaTiopias bege @rﬂm/h@{ﬁabove
tv!ﬁﬁ#éf@%n td E&aiR rextaﬁﬁ{@e‘. br éﬂﬂoﬂtﬁ@n?&?@f‘#\@ int&RIBBut that

anot her cassette havi ng anot her tube thereon or
tvagipes mddiings, deletionsy a'féwilpﬂér?é'dampélﬁﬁ@iﬂnssmﬁi’é@e made to

t%#ﬁegﬁérr@%%‘%ng%‘?ﬁb cﬁr%bﬂtsa\hﬁl?:ﬁmﬂ@gaﬁﬂ ﬁﬁﬁtl‘?@'iﬂ?%ded spirit

con re IS er wt sse te when t
cimnlr scc@ecdafomednve;m@nebifohekatnplg ehy alemenlt oraitibuie of one

| i gnoent en.

SemfitoRL L2 RSRMbie, R e ealiERAEh Pl By lghcRyp gnoter
asrm@bfci-tlimélﬁta@':1 emﬂolengalﬁsattom 'lstls V\{Jourdmfgwden tsaiethbidiment or

raesuctatt e W e, su
TR LB dauPEndRd LsPr Al WABHF Tl § method or
ProsRd are dederiedi Raed ©f @lithag irf @ pattizular brdﬁresmmsﬂab@ may
pl at en surf ace i s subst anél al I I ana@J A%hdew ce
becsrarmgd i el ar ardek nlesa1q fe Se WRHI reRdeitne AmRngigent
3r Bkahple &rﬂn&fel |c§ﬂ%ﬁ)‘ixs 16 -a furS&Y bCadmapPsil Mdhe @elé{/éhtrﬁrt or

1 wherein each of the cam conprises a wav
mewtﬁdx*ﬁ sf@rfﬁ%emt%éi@ﬁ $156h méUeFQ?éOF%@eaaﬁé'ﬁR"&t igletions,

{han étg’% ofié%h f%ré’f%p@? Fd B het r@?ﬁi?&’erﬁh ab&ﬂlvél%fsa%? the

e rena er o ? cam surrt ace . devi ce
@esmmdngxamples and emhedirhents cowparsitadea lrtmi@dhmﬂaér the

tsgc%e Qﬂhg?oifouﬁngtbigirﬁﬁg adj acent to the platen surface.
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6. A device according to claim1 wherein each finger
further conprises a second spring for urging the
finger into contact with the tube. 7. A device

-according to claim1 wherein the platen surface is

substantially flat and further conprising a tube
hol der that holds the tube adjacent to the

WhaiSsibiatnasatis:al |y flat platen surface. 8. A device

4,

according to claim1 wherein the door is pivotally
connected to a housing of the punping device. 9. A

. deévperistaliicdaingn dRYIGCHTRISKIL wherein the pl aten

SUffaC%ﬂlﬁehﬂﬁﬂhgd pnmemmfes:eﬂe of the door. 10. A

d di I
ol der “LHEE POlRs BB T ik H%ﬁ%@ﬁ%&?‘ér{ﬁé”& o

sur f ace.canthat Wt%f@% peeut el '@l“"ﬂ gt %ﬁ%‘"‘%”%\ﬁé’@@ wrface that
t hesiaebe apat A6 the prkdre@sfaae;pndr al i ty of tube- |

a plurality of fingers, each finger having a first part nearer the cam and a
second part nearer the tube and also having a spring for urging the finger away from
the tube and a longitudinal axis that is substantially parallel to the rotational axis of
the cam, said fingers being in engagement with the cam surface such that, as the
cam rotates about the rotational axis, the fingers will move axially back and forth,
sequentially compressing the tube against the platen surface and thereby causing
peristaltic movement of fluid through the tube; '

a door that may be opened and closed to allow access to the tube,

wherein the tube is mounted on or in a cassette and the door may be opened

. to gain access to allow removal of the cassette having the tube thereon or therein

and replacement thereof with another cassette having another tube thereon or

therein, and
at least one alignment surface formed in the door, said alignment surface

being configured to register with the cassette when the door is closed, thereby

holding the casseite in a desired alignment; and
wherein the platen surface is provided on an inner surface of the door and at

least one indentation is formed in said platen surface such that the tube will be
substantially juxtaposed to the platen surface when the door is closed. '
A device according to claim 1 wherein the platen surface is substantially planar.

A device according to claim 1 wherein the cam surface includes a plurality of lobes.

A device according to claim 1 wherein each lobe of the cam comprises a wave in the

cam surface, each such wave having a peak, the peak‘of each wave being closer to the
platen surface than the remainder of the cam surface.

5.

A device according to claim 1 further comprising a tube holder that holds the tubing

adjacent to the platen surface.

6.

A device according to claim 1 wherein each finger further comprises a second spring

for urging the finger into contact with the tube.

20



recei ving notches within which the tube is received.
12. A device according to claim11l wherein the platen
surface is substantially flat and the tube hol der

hol ds the tube adjacent to the substantially flat

pl aten surface.. 13. A device according to claim1l
further conprising a housing with apertures for

7. rAcdsvidenaccardinnie oliredcwhereinsthespiateR gurfaayis subgtapfily flat and
I G i Etantially flat platen
furtnel G a LR oD e bl ot P
surfadehe tube in a desired configuration. 15. A device
according to claim 14 wherein the cassette structure
hol ds the tube in a substantially arcuate , )
8. cAmfvigamatsrding to tieim A herein the daos isppivgiallyespnpacted to a housing of
coprirrpri si.érég: a platen having a platen surface;

the pum g devi
9. A device according to claim 1 wherein the platen surface is located on one side of the
door.

10 A device according to claim 9 further comprising a tube holder that holds the tubing

~ adjacent to the platen surface.

11. A device according to claim 10 wherein the tube holder comprises a plurality of tube-

‘receiving notches within which the tube is received.

12. A device according to claim 11 wherein the platen surface is substantially flat and the

tube holder holds the tube adjacent fo the substantially flat platen surface.

13. A device according to claim 1 further comprising a housing with apertures for

receiving an end of each first spring.

14. A device according to claim 1 wherein the tube cassette comprises a substantially

rigid structure that holds the tube in a desired configuration.
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a tube positioned adjacent to the platen surface,
wherein the tube is nounted on or in a cassette and
further conprising a door that may be opened and
closed to gain access to the tube and the cassette
for replacenent thereof with another cassette having
anot her tube thereon or therein; a camt hat

150 Ot & &5/icRRRESrdRg 1O LRI 8 Mher¥ the cBetle GRIBHIB\HORE tRe tube in a
cam surface that is spaced apart fromthe platen
subsiant@liearchplg configuration. pl ural ity of fingers, each
finger having a longitudinal axis that is _
substantially parallel to the rotational axis of the
16c amA rsisaitcipnggrdeviseicnigpiisinengagenent with the cam
,SUffa$% chh thaﬁ as the camrotates about the
r ot &R BHAIBI ZP a{qﬁ‘ésuffﬁﬁeger s wll nove axially back
and aftoid positpagy adjatélt ty thepmier swfaag, witeein ufhetudgdd mstinted on
the platen surface and,thereb¥ causi&%éferi§taltic ,
or iy Sresette andfiuied cORPERIEH 2t498" fghmay kRN Rd eRE closed to gain
2cbA3SR the HRERhHSPE @sBitl B IrEMadimevt hire ORI Ihother cassette
t hrough whi ch the tube extends and wherein a
haping eadthentulest thgteontor thefgier recei vi ng i ndentations are
recei : : : -
dood CEFhpYoleits fclt &loistrRafe S bal| Aiyind S Bln slface that s
sphdeel partiormtbapkterr|ofaceiang i-ndentati ons and t he tube

wi Il he substantially juxtaposed with.the platen .
our PG 25 igers ceaeb dngEt BT g i bRl supstentaly
paidilell t6 &5 roftionfaxishst the Bgersid fiigeReeipiRngaGsment fith Siie cam
spring for retracting that finger away from t%ﬁ pat en
suggfer el thaty gs the gamp 'EteR BRIy TARIca Rl 17° WRgre vl move
axial\Poddk R TortH! SEQGIntER TNt Essigy RS fRRBGgaME thE pl#én surface and
urging the finger into contact with the platen
thesefyf easing perigtaliis meveroent aaf diddihrrygh dhe |tavan wigrgip the) gpssette

BB, PO, TSN b AN GTERndl s fneron
plundiligy efi sirut rendiier Freasdngoinderitativge rare seceiven iretthetpdater eurtaeoe such

in a hat uld, not, cause the.camto. pyll that
thet; ey TR for ST e P QYRR SUECH (RO 4D i 2 frember
redivirlg MoBMETINR Jar Bhee tube2Will e dabdtartiaMC Atabobe taith the platen
claim 16 wherein each finger conprises a first part

surfagat ed away fromthe platen and a second part near
the platen, the first and second parts noveable with

respect to each other.
17. A device according to claim 16 wherein at least one of the fingers further

comprises a first spring for retracting that finger away from the paten surface.

18. A device according to claim 17 wherein the finger further comprises a second

spring for urging the finger into contact with the platen surface.
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22. A device according to claim 16 wherein the
fingers conprise finger assenblies, each finger
assenbly conprising i) a body having a first portion
at one end and a second portion at the other end, ii)
a camcontacting surface | ocated on the first portion

of the body and Hi') a tube-conpressin surfacg . for limii
19. | dcatewide oncaoring e oPIiNp otdt fGHIEH CAPRIISRq 7, MegRanisn for imiting
' [ o claim 22 wherein said finger
move&:ﬁe&ﬁfﬁh%%?ﬁnﬁﬁ@?ﬂ onprises a spring for retracting
the tube-conpressing nenber during a portion of the
- 20. PUWTRLRG %681&1 to2daim™ EXGNArER RS @Peabighet fhget RidBuBled to the cam
wherein e camsurface iI-s |ocated on a peri p?eral duri
in a wagdhainvanid ndteausmihe cam togull dvat drgei@vsy dioRYythe #l&ehFyHape duning

wher.el n ) urface includes a substantially
apoqua?f?h%gé}}ggl\?é%@bonvex race surface. 26. A device

according to claim?25 wherein the race conprises a

21. gré‘gﬁ%\gcéj 33&0‘?@{@ 1S '\ AL Rk éé&xuﬁ{g%tr Wahbrises2d firsh part located

accor g to claim 25 wherein the race b
away donpihe pistemang @ seeondanartngas theupiafenthe drst gndseorap egrts moveable
8 ach o eyi ce according to claim25 wherein the -

L wal k
with rSpegt %"o‘?rﬁrl SE5 a groove having a substantially
tapered wall. 29. A device according to claim25

erein the race conpid ses.a hahsgds ab@ariTirigbeagamblies, each
22 RS SIS PO FarT e s
fingerf dsegmbly duyeisingli) @bsdy hading R destgartiop at e fred A3d @, second portion

at thefsqjtlp]ea'%ng,ew Y gan?—%grgt{agﬁr@%%c& Io%hf@d%@l tM@ﬁfsﬂa&tiéﬁ@f the body and iii) é

ave su an y spherical rollers that
" tube-cdrol@esaiay ssrtack hecatarthst thatseednd paficefitle bran |

23. A device according to claim 22 wherein said finger assembly further comprises a

spring for retracting the tube-compressing member during a portion of the pumping cycle.

24. A device according to claim 1 wherein the cam surface is located on a peripheral

region of the cam.

25. A device according to claim 1 wherein the cam surface includes a substantially flat,

cancave or convex race surface.

26. A device ac’c'ording to claim 25 wherein the race comprises a groove having a

substantially arcuate wall.
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32. A device according-to claim27 wherein the
fingers have rollers that ride against |ocations on
opposi ng sides of the substantially V shaped wall.
33. A device according to claim28 wherein the
fingers have rollers that ride against the

supstantial |l y. tapered [ ] 34, A devj rdi '
27t @ ('E'Ie‘éfF?nafgor&ﬁgr iﬁlai“‘hg%f Wh‘a'glnsﬂﬁa@é;er%q%lepégég%ngt%g? draving a
substeAtilly Yhaged @ali de on the raised area. 35. A device
according to claim26 wherein an axial plane is

proj ectabl e through the race, said axial plane being
28. SUbgbARS iaabbrdingetopeam OBl wherein theerarzi ngfiseotaicone having a
about which the camrotates. 36. A device according
substarfially fapgfed Wtler ei n at | east one of the fingers
i ncl udes an occl usion el enent that conpresses the
tube sufficiently to_subst ially occlude t

% an he tube th
29. | dvisyicgAcrRIgng 1RSI SR WIS IR S AR PRTPEFE Ad 8IS Freaon the cam.
devi ce according to claim 36 wherein the finger has a
t ube conpressin urface of.a fi.rst wi dth,and,the . ‘
0. | Ao B GBS WhIEb PadBae Spin (PIERee e on orin the
race. conpressi ng surface, said tube occlusion el enent
having a second width that is |ess than said first
wi dt h.
31. A device according to claim 26 wherein the fingers have substantially spherical

rollers that ride against the substantially arcuate wall.

32. A device according to claim 27 wherein the fingers have rollers that ride against

locations on opposing sides of the s’ubstahtially V shaped wall.

33. A device according to claim 28 wherein the fingers have rollers that ride against the

_substantially tapered wall.

34. A device according to claim 29 wherein the fingers have rollers that are configured to

ride on the raised area.

35. A device according to claim 26 wherein an axial plane is projectable through the

race, said axial plane being substantially perpendicﬂlar to the axis of rotation about which

the cam rotates.

36. A device according to claim 1 wherein at least one of the fingers includes an

occlusion element that compresses the tube sufficiently to substanﬁally occlude the tube

lumen during a portion of the pumping cycle.

37. A device according to claim 36 wherein the finger has a tube compressing surface

of a first width and the tube occlusion element
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38. A device according to claim36 wherein each
finger has a maxi mum point of travel where the
occlusion elenent is as close as it conmes to the
pl aten surface, and wherein each occlusion elenent is
spring bi ased so as to exert a controlled anDunt of
onpressive force on the tub mheqjtq%%1fun ? &E} na a
protrgies paRN the (RS SPBIPFASHIDE T PepBntAd fYRmOPRLSI R SRR having
seco&P\hllmh @ht it (¥ @han sal@firsbwidgyi ce according to claim 36
wherein a transverse slot. is formed in the punp
finger and the occlusion elenent is slidably disposed

38, Wig Bé\f‘cet Q@or&rﬁg?'?@%%frﬁ B86Sitlrein e4bh fi ﬁgéf&\éscéi maKipntipbipt of travel
toclaim1 f her conpr|5|n a co I 1er

where thgtacsiLPiPh §lamit 6has elpsoRs @f; meetod 9|p en s%&:ce and wherein each

occluSiBY efefneif %Oéﬁinﬁ%lééédcéoaédﬂolexmq &jrﬁroﬂétﬁaﬁqum o @68 pidseive force
I ncorporates an identifying featured
on the a@thhqngmgmgw st obwﬁ%p ,@djra%q;?rggne %%ang@ %@UI’% énammum point
of tragggcording to claima40, wherein the tube cassette
I ncorporates an identifying feature that is
identifiable by the controller and wherein the

39. € Q\ncﬁév@el SebordthgoQHiAMEEReheréin dafmbvatBe Elat s 38mTM it B pump finger
device wth cassettes that do not |ncoﬁE¥rate an

~ and theeashision| elemertiis sidablygisroged WEhIn thes TANSNEF 6t or
punping fluid, said method conprising: A) providing a
peristaltic punp device that includes: ‘i% a El?ten . ,
40. hdvideyca aprerdion oyl e fUrihpr £OMpRRING s Cpttley for controling the
opemﬁgﬁaﬁﬂgﬁe i@zt he platen surface, iii) a camthat
rotates about a rotational ‘axis, said cam having a
_ cam surface that is spaced apart fromthe platen
41, SW s %’& rdn\@ t@c!@’nWl%He‘i‘é’ in @he fubBdQESeticAtorpBreRshRCigentifying
and fort i tudinal axes that are substantially
featungdatlis @En’ﬁf@btemy BPRIIPHgdeVERi s of the cam said
fingers being in cooperative engagement with the cam

surface such that rotation of the cam about the . .
42. 1 decavicerastomiiostovdiaim 40a wheraimibe tibresgetsnrerparatesan identifying

featur@riﬁatf@fdkgﬁifféﬂlestﬂ} el BRGSH hdd dheNEHe chhesIRPY prog?rammed to deter

equenti npressi ng the tube agai nst the
opera@mrd of dke |dpwﬁg with pesselies|that daBokimepPomte ﬂnuc’f‘C&epfab'e identifying
featufeNr ough the tube; v) a door configured to open and
close to allow access to the tube; vi) a cassette,
wherein the tube is.mounted on or in the cassette;
vii) at l|east one alignnment surface fornmed in the
door, and wherein the platen surface is on an inner
surface of the door and at |east one indentation is
formed in the platen surface; B) attaching one end of
the tube to a source of fluid; C) enabling the door
to be closed such that the at | east one alignnent
surface registers wth the cassette to hold the
cassette in a desired alignnment and the at | east one
i ndentation fornmed in the platen surface causes the
tube to be substantially Juxtaposed to the platen
surface and
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enabling the camto be rotated such that the fingers
sequentially conpress the tube against the platen
surface, thereby causing peristaltic novenent of the
fluid through the tube. 44. A nmethod according to
claim 43 wherein one end of the tube is attached to a

sour c f a fluidic,therapeutic or .djagnosti

4. S OEERRRCHEI Gt KEE BRCRro TR ibe | s af t ached
to ]tche body 011: a human or ani mal subject such that
per ormance of Step C causes . th | c.th I
oM di a@ﬁ%’ﬁ'”%afﬁﬂgggfﬁé’émpo %Véc ‘5@‘” (9 %ﬁ’%‘%ﬁﬁé"”ﬁ% a platen
:he Pueaﬂﬁy ijpai tope paﬁlbbreeﬁ adjacedrﬁ to A]errpratmobmﬁacerid) agam that
o claim erein the I ed t h
of t ho e AW L EE4RE! AL Al U PRA & G S.ges Mt s spaced
C: oS n%géﬂﬂ&oﬁh&ﬁé p@@émﬁtﬁfa@e and6v) Fplmetityof fiagess thdit ngpve dack and
claim

wher ei n th | | h _ _
met hod qrﬁ’rQW@Pg‘E’glﬁ? sﬁél Q:%g 5%%&&%&\@8%8@%1 &E @eb‘gt%tlonal axis of
opened iy cdrh,f daidBndehe beiag i cooﬁb?ativé empadenterd edthrité ngm surface
to claim43 wherein

renovi AECRiREt EHeBOf h“gee?ﬁgpﬁg tli]]egr Eﬁag'é’%l at(’)(gsp il 88 the fingers to
move back and forth on said longitudinal axes, thereby seduentially
compressing the tube againet the platen and resulting in peristaltic movement
of fluid through the tube; v) a door configured to open and close to allow
access to the tube; vi) a cassette, wherein the tube is mounted on or in the
cassette; vii) at least one alignment surface formed in the door, and wherein
the platen surface is on an inner surface of the door and at least one
" indentation is formed in the platen surface;

B) attaching one end of the tube to a source of fiuid;

C) enab!ing the door to be closed such that the at least one alignment surface
registers with the cassette to hold the cassette in a desired alignment and the
at least one indentation formed in the platen surface causes the tube to be
substantially juxtaposed to the platen sur_face; and

D) “enabling the cam to be rotated such that the fingers sequentially compress

- the tube against the platen surface, thereby causing peristaltic movement of

the fluid through the tube.

44. A method according to claim 43 wherein one end of the tube is attached to a source
of a fluidic therapeutic or diagnostic substance and the other end of the tube is attached to
the body of a human or animal subject such that performance of Step C causes the fluidic
therapeutic or diagnostic substance to be pumped into the bbdy of the human or animal

subject.
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45, A method according to claim 44 wherein the door is hinged to a housing of the pump

deVEce, the method further comprises closing the door before C.

48. A method aécording to claim 45 wherein the housing includes a latch, the method

further comprising enabling the door to be opened by lifting the latch.

47. A method according to claim 43 wherein the method further comprises

removing and replacing the tubing cassette.
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