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"COORDI NATED | NFUSI ON SYSTEM FI ELD OF THE | NVENTI ON

This invention is generally related to nonitoring the
wioooeso3ef7s nedi cal fluid delivered by a punp, ramdiSpwese33451
particularly, to accurately nonitoring the anount of

5 nmedical _fluid renalnln cul at | rate

for conpl ¥{ETIeHANYEL %M@&Wﬁn od.
BACKGROUND OF ME INVENTICN _ is known for

i nfusi on systens thaBLgnmﬁaﬂﬁlmmﬁmnnbﬁ'|nfu3|on

punpi ng nodul es to include a centrally nanaged

i nfusi on punp systemin which punp and nonitoring 10
nodul es are selectively attached to a centra
manaffgmemtention tis gdireallyerdated toramagermen theusnount aftmeliel fluid

he i ernal set and N of the o tach _
RS o s i 9EC BRACHTRGySeiply RaPlbRE B qromt of
mkdiedn ﬂEﬁpﬁeﬂ@ﬁﬂheach cRpRihe a)fﬂdfwalra@ fiet &ﬁﬂ[ﬁdtef ﬂﬂmery in a

the central managenent unit. Due to inaccuracies of
PregriernpipeidiBhpeEipdt em that can be plus or ninus 5% or

nore 15 over |long periods, and other factors such as

i'ntravenous (I ViaAbsgseenD OF TOE INUFENTIOR; i ons in
flow, a desired volune of a drug nay not be infused

wthin a desired period and the infusion nay be ahead
or behind schedul e by, in some cases, an hour or two.
The Teisikmo®in 86y, infusen s@stﬁlﬁs thahcayiedd mbitiplt infasibh gumping modules to

. |n|ca actlce di ci ne ? chi atrg¢ or “tori
inJut o IR e PEoRiEh B, TR daibith 6, g gonitorin

mbdifesk Ar@%l&éfv@ly* DSl 4 @ngenpengahe: wdfd. fBE ctMes eanagement
factors as soon as the problemis recogni zed.

unitrposirela e iniemal setimew pergmEARE ofdhs dicliodmedsles) andirepeives and .
chéq?é:)@ Qiﬁﬂfngﬂ(ﬁleﬁﬁﬂlqug ¥l ol i F%Eﬂna%ﬂ;t offf8ng detached from the -
1'ni'clians, as well .as potenti al egative

cetring magpegirant efif.i cacy of the nedlcatlon Drug toxicity
- may al so beconme a probl em where the infusion rate is

i ncr,

one RS R0 by Sl01 sl Ak 002 cB8M S o
ovdﬁh»hc\yehhdst el ahmvhcqorsainch 13 n::sranome(Eyh bthevdrill lva g1t¢ru1pt10ns

ter exa ol unme of .t he Thls .S
in i v PSISEB D o Gorot 2 feu R egh Bgiod and tre
mﬁz@ibﬁfxﬁw Y ViBEAN afi befind hehddRy BRCY 6 dab@ %Hﬂiom or two The

i ght "of -t he bag
chmcmn i.e. a person quahﬁed in the clinical practice of medicire, psychiatry, or

psychology, must then manually increase or decrease the flow rate in order to compensate
for these factors as soon as the problem is recognized. Interruptions in receiving
medication can result in inconvenience and delay for the patient and clinicians, as well as
potentially negativé therapeutic efficacy of the medication. Drug toxicity may also
become a problem where the infusion rate is increased toward the end of the infusion to

assure on-time completion.

One approach clinicians use to deal with the above problem is to weigh the IV bag
to determine the exact volume of the bag. This is not a fully satisfactory approach, since
the bag must be carefully weighed in the pharmacy and the empty weight of thé bag
subtracted from the total weight of the bag. Differences in accuracy of the scale and



subtracted fromthe total weight of the bag.

Di fferences in accuracy of the scale and correction

for the specific gravity ‘(density) of the solution

(which is usually not known) result in additiona

I naccuracies. Typically, :a clinician sets an infusion
gdx#%%cgnafb? tﬂ&ﬂﬁ%@ﬁbo%ﬁvftﬁ ?de%@i’ﬁ;})vcﬁqhé/ Q&Iﬁﬂ@n ehntches usually not known)
sol ution I's met hod does not allow for accurate

restir achddimoraf ifdcowacias. elygumlly paiohtefanugsts engnfusiofn |fiw rate based

oncle‘@t@ P(?eﬂ}{gé u%ll on.! @Eg%oili{q%g {1‘% n%eﬁlépdp gip?seﬁ{at a.t}%w for accurate -
ctoﬁ%cﬁj(ﬁlséﬂ' 1?%&' ?ét@%lu@ 6 iRhrufont RE6QMRLEHOMAR PR initiated and thus

i nfusion has been subjected to interruptions,
rhdyenat ldehvarithoinifissiof redichiadn tothe hatans pyatthe desiled ﬁmm}ﬁerwd At the

SRR of TR i e b et sRrRLb e R, B aliRtas often tef

Wil 468118 vilusRa0RS dudl Hediaikibe RemaTBXH ¢1Rthe BE Bhy 6r tlbing that must
full dose intended by the clinician, thus reducing

 beHbishesddrodisdateds Tethe gesidual galmeds diseardedydhe phiiest BeEnnot Teceive
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medi cati on over predetermn ned perlods of - tine.

SUMVIRY o fdFe, THiErel Wﬁ'ﬂgém&nﬁﬁ@&%oﬁﬁﬁﬂlﬁﬁlgw&gﬂ & fphfv?r&e a - medical

_aspect of the pr esent i nvention, here s DFOVI an

idfBsiom fspsero rthatywilbagcucaalyr infisag madxﬁ:attcgt oval prv@tgmumdt periods of
that delivers a first infusate to an infusion

B cuit; a second delivery unit that delivers a

second infusate to the infusion circuit; a

measur enent device tggkﬂq§kgfqu§§3ﬁ@vgmqq@N-of

undelivered first infusate Témaining to be infused,

and a control systen1that controls delivery of the

fir Sbje%lgcf g f'Ejgénoénth ?%?Fuzéﬁ gl%l ]#rggen 11%&1{18 ere is 'provid_ed an

del i
infedid1v §fsieny r&bmpngmgb:h €sst dBivenpuiit diat deliveacefist mﬁmté to an infusion
vol unme of infusate to b(%gellvered

nd ) e
‘pfiseie, o &P gpfigion circuit a

mel8rdh S QLGRS Q'iefehﬁﬁies iR faRaheo V@l déMPered & 1AuBAS rénaining to
tine remaining in the predeterm ned infusion tine

bpinfussd; mcbmntitda%t@ fity copfeols delétery ef itfv:eﬁlyﬁt inhipsate from the first

SdREGEBPIF) ST 0\ p RLEE PR SRR y3RM i e
inpat ef iaa@edetermmdstb vph&nh‘:‘bélﬂm hest fmiusste fonbeisialiesr@d and nput of a
PHAEPHIHE AT BERT o (RdSPPveh B PRPer P Rrhdare Misate volume;

A& IBhRIaNné Fentdh§ink B HRiRAIEYSIRM MG oh lien et BENE RAeHunicates. with
time remaining in the predeterm ned infusion tine

- the dirstslgliversdmitother srend daliveny wait, gaf itheemgagikement gevice to determine

iRt usi on wrate, erein
vodmm rtthh pegdeteemi st Dfeion atﬂeyparedaﬂmudéa@mmtdﬁ emoqmn ofinmdelivered

te after.a terru | ons, it her
sy Pl G v R BBt s e Feidited it 8najnine in the
pré®Whiklet @R oReEima et bd; @ﬁ contib@eahd fies @dlifdry shit to deliver the first
~infusate within the_renajnder of t%% al |l otted
m@p@g@{ Srenistaaingd QRIIHR™Y fl%l ion ﬂownrate wherein the control

sy g@%&ﬂ&&a@ 8B 3RE0DE, (ﬁﬁ_ ,ﬂowﬁfeeaﬁér ﬁfque%gum of either

usion system conprising: neans for determning a
the Girsil orvible usreoraf  Hélbvery mnﬂwat@ fosinfigse e newhudelgrmined amount of

nmeans

ds,!r,ﬁ@{ @f& L{ﬁéga%é h%i%ﬁa@cﬁg Ghtet BReAS W&%Q‘ ﬁs&h&&ﬁﬁaaumst infusate



10

15

20

- 25

. COPRUNICAE ST h

5 for ascertaining a period over which the total
volune of first infusate is to be infused; neans for -
detecting a remmi ning anount of first infusate to be
i nfused; means for calculating tine remai-ning in a
predet erm ned i nfusion period; neans for delivering a
second infusate into an infusion circuit; means for

. uiidefivered dirtthefufdte stithimfhesameinidnt of thhellothfdusedaermined infusion time

circuit; and nmeans for: deteimning an infusion rate
PHRded on the remaining 10 anount of first infusate to

- be imf usegddard Whe 4 ideeodde aBpdRt,Ntheid id hrRorasd @d, i@idon system,

: automaticaII%(, recal culating the infusion rate after
%

cogpprishe Pregpt fosefermindng ¢ &l wvlump ohEst iHesag jsgip be infused; means

fol @%éé?ﬁﬁﬁ]%?\dﬁ ptﬁlagd SRELRLId M SBEE vB Soft frsf YRR & 1d6e infused;
I nf usi on thin the ascertained Infusion tinme period..

m8mis efor ydegerdini ra gemeinalg tewnst ofirfireix anfpdate dovibed infesed; means for

f.the present. invention is .15 di.rected.to an .

caftH{AE TS PRI it ® JBMUSPEIS) THED Pt dngns for delivering a

se@orll Bir@dtey o MRdinG@lidoBircitif @BardsViok iiRRsing e Firsteifdhte into the

. infusate, preferably a neutral carrying solution, to - .
infuienperquets end megns ifie deteBInIAL Ay BRUSIQS £, biped, on the remaining

 anddit L&eﬁlfs?ui%?ﬂlé\r/g{ngg %hCend MR dR! SEALRGS A the I’E)gnod, and

amount o irst infusate remainifig in the
augysttienlly Feoalchiating itles intfineon rftel sftomansingreptiomol ddesrnof either the -

oAb P B TR T BB By LnE i e wooramet
infakiod eles poridgd vol ume of the first infusate to be _
delivered, and input of a time period within which

1Nt ysld n'raglt{d" 1%1?%{1&81 ?ﬁtliﬂs,nglyﬁﬁrﬁ?% %#égﬁvl\?%g ldk %}eg r%%e;]né invention is

The “con eém akso’ conmmu
dirs@ed sl anl @dfusieh Yysan itk slcings bhrsnBasueepreldratde diraelitdion, to an

deteim ne an optinmumfirst infusate infusion flow L ‘
IVyliee apd getgoad mhesaiss erderabli hagutral cayingsgps, t the patients IV
tin PR foctoASy RE PR LT BT BEF dmifiin amount of
undelifverdt rat enfiisaie ngmamihd an sthst estemanthrtentome] she fefusion system
. first delivery device t Jiver_.the first infysate .
inclyded s COpEPHINETHRELHIoR Ay o hofise i faf 4 craes input

of g rdddfiSiRn vOHRLEDT SRR ihflsRG 8 bk ideBlerEahd hplit tof a éaime'_ period

vice that delivers an infusion ultra filtrate to

- withemwhichtiefusicanef the fiirstsnfusetasilene shoultbvcae Theacontrol system. also

det er m nes. tlﬁg §;erm 'néeﬁ?}fg 46%,%%: aVil%J%;Sr f iyl B]&I%ésgmxénrzlent device to

detbGhH A8 SoRISRC NG idalshiahiusidienbs GafeBked 86 8he/ BRedBtermined first
patient's renoved ultrafiltrate fromthe hemofilter,
infiggatt wolswmeoti predaenmenehinfdeon dene pratoddend fhei datemaned amount of
tra

: f . ed ultrafi i n,the i.nf.usj . .
undeRei8sT e R ERRF AOPETITETD the R ol ROl Hifo i heetivgry device to

delRRPhe AlrstSYALAREATBMBhGA MG owifloly ke first and

second delivery devices and the first and second
“nmeasurenent units to 5 determ ne optinmumflow rates
t o Risdlobed hetehe ihenoihiusier sydes esmppemgt hdirdeddrvreinddvice that
delﬁg{glrj%t; ?q ;igx:} E,Iligu?sll ﬂ%tléll th][ %El:&lla]:?% L etaglﬁ.]da tﬁ%mléga%uremem device that
detREBARLUBE nbes FeafukRd IaSEHIsn dhd fek@iH dydlenDahweSMsion system
the i nfusion and renoved ul trafiltrates, "and for .
alsccippluder 4 sasgnd dddiviery st and second delivery units '
accordi ngly. Di scl osed herein is a.nethod
of infusing a first infusate into a patient. The
clinician 10 or the systemitself determnes the
total volunme of first infusate that is to be infused
into the patient. The cli ni.ci%an then ascertains the
period of tinme over which it is desired that the
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total volume of first infusate is to be infused, such

as twenty-four hours. A position sensor of a syringe

punp or the weight cell of a |large volunme punp

detects the renai ni ng anount of first infusate

to be infused. A control 'system constantly cal cul ates .

c%%g/?c tfhﬁ‘lere%&% Q Gehid L o%}f uRfefehe HohL ek Hﬁﬁéﬁger and a second
e |large- vol u punp VP) delivers the second -

mefsusateat detice thee dﬂwnlnm&ls ag aml:fuu‘s pOmerhdwed wibafidrate in the infusion

" either, a syrin oraLVP d wei
S PG Hor s GG 1S 19 ) ot h P gopipunicating with

thé Hst Q}{Eﬁs&%ﬂ& rlliveySameR fliehablid oMSkadtd MeRiflement units to

automatically adjusts the infusion flow rate based on
deteemrrenwtmnmg faroustes of abd rigtm ithef beravfltaro bhkedi wifonsdd determined

EEYEE LT N T ——

ﬁrél:fe%é%'nﬂﬁ:d ABGread] piskinRg dr@Rsiafr setﬁ;e@{ eﬂl@blui/fuglgﬂeﬁﬁ@d removed.
until the total volunme of first infusate is infused.

ubrafdirgtse dnthBrr eontroléing thegfiriiogd second lakiyany uaits accordingly.

~ultrafiltrate into a patlent conprising the steps of

delivering. an infusio filtrate. Jhenofi| R
nmeas 19'153 @%@reghﬁ L?ﬁfletg?gp e %Sii }Ini}fsﬂaet s 3epa}t]ﬁmi h@e clinician
ok el 'r“tir?ﬁ‘ﬁit ﬁééﬁ{c%@ﬁrﬁﬁé&eché’ b8 RIRAd bfaf'ltst Snfi8BVEeA is (o be infused into

ul't rate from25 the henofilter, neasuring the
tlaenmatiabt. dhe clenowe dhean asc@fanﬂstth@p@lqdmftﬂm& e wrdiianit is desired that the

system a ustin | o tes.of th I|Ve g .. -
Gl eiiee PEGRT I Bdp be el TROA AHETRIRE G Aposition sensor
o NBUM R Rifnp Bfils 'w‘é%h@@éil sRimMR olbd plrhp HE‘L@E@ ﬂﬁerl"ehﬁﬁ]mg amount
I nfusion sy st em an redet erm ned desired pressure

- ofififst exfevatd Talbebefu&edam t3¢téml Y st oenstandly caleplagad the time remeining in

| fil 006/ 34178P 5/03 451
ohgab s Do L% B AP gy e o tusace invo

tHeN YL ﬁnfu"si%ﬁ' fine Bettil @Bhdroa lstyﬁn§é Uioe ANIVP tasd weight cell
operation, will be best understood: romthe

cerbioatim wfn@s dhaviirlg infusagk &no ithe d¥niirg ctheoponifol (systpm preferably
%%%?A;ﬁ%@l Egﬁiaﬂfsﬁ%i;ﬁ g{ills:“ﬁn Eﬂ%ﬁ%’wf gds%\lorgﬁje%almng amount

IC view O

ofist lFhar el becdisdd naide dhe nfmesteanirtys irefhei phedetermined time penod.

accordance with aspects of the present. invention

Thndeipsgeneaieating delreesing, BHHsIEe 2R #eTtiEgsieps grecriglestbly repeated

oacormo mnistration line for
“infusion into a patient by two infusion punps under

t he DRERFRA EA8 @la MEthad RF QEsAE R Gt T lrate 3ol £patdent Somprising

a enl-arged view of the programng unit shown in FIG
the -steps of dehvermg an mfusmn ultrafiltrate to a hemofilter, measuring the amount of

ul%ll}lr’;lﬁpe ta?v ﬁﬁ]%%tﬁﬁgt%ﬁ%}&%mﬁﬁ&i ‘and a syringe, being

infusion ultrafiltrate in the infusion system, recewmg a patlent's removed ultrafiltrate from
the hemofilter, measuring the amount of removed ultrafiltrate in the infusion system, and
adjusting flow rates of the delivering El.l?d the receiving steps based upon the measured
amounts of infusion and fremoved ultrafiltrate in the infusion system and a predeterinined

desired pressure differential between the infusion and removed ultrafiltrates.

L3
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FIG 3 is graph showing flow rate versus tinme in an
.i.nfusion session,; FIGS. 4A'to 4V are user
interface screens presented by the programm ng unit

ofo tbéAzadzswhen progranmm ng the infusion- fromgdeudrensnssast
di fferent sources shown in FIG 1, FIG 5is

a flow chart of a pethod of infu a nedication

|
. nt o Te @aml dopturEh Off BUSRYEUgRNSS vl fo ARVGHPRdiRgh both as fo its
ltfb;wsa:bauola Hill be best Eﬁd’e‘rst&dl ol 186 heEBhpMyMiceWawings,

ano er enbodi nent of a nultichannel coordinafed

tﬂmﬁm¢mﬂmy@tmﬂﬁthtraa@@@ﬁdﬂngdeﬁmm@ﬂaspect s of the
present invention showi ng medical fluids |located in

two di fferent : ' I ol unme

i nfusi on |o'un'p%{i%%dﬁﬂyH 6 ;E gW urds being
punped into a comon IV |[ine for infusion into a
patient 20 under the comon control of a programming ,
uni t 5161 is aFdckemdly vRw/dil 2 ah@titeahell d@bﬁﬁﬁa@@cﬁ lﬁiﬁﬁlﬁﬁ N§stem in
presented by the programm ng unit of FIG whe
Mﬂmlﬂ?ga@h‘és i ot (8] BRSO} AReRfien ﬁmgfm@iﬂ%ﬂt fiuids from two

AT uZBAUYE, Bl 1 | BT et o o

cmnmoni V) admpihistmat ors limmnfos infuséon inio fa@aomtdaartwe infusion pumps under the
ect S oiﬂéfhl? resent i.nvention, show ng renoval and
nglf Itrates through large vol une
[ nf USI on punp-wei ght cell conbinations, for infusion
in amuiiﬁmémm&fviewwm@mmnﬂngtmﬁﬂshmnmFIG. I;
progranm ng unit; and WO
Fl G is a.flow:

200 178PCT/, US200 /033451

char (1oh S Tk DB e A P ap ey seRsion
ultrafiltrates in accordance with the infusion system

of  HBGS8 4 ADEIORE T sENinfkfadEkcrR iRk piRERIEE] BivEeDpMghEning unit of

Pl L e e i Ctom TORE T B PR e ahap & IO 1

to like or correspondi ng el enents anong the several

Vi evlIG, tshig anabiv ethanaleh m@dﬂbﬁaﬁmﬂg afmisdionics istoeMpatient in

according to the invention i ses a predetermn ned
ac&@‘ldé’i‘f“@%% the Bfesien vt 1S s{)gm fic predeternined

tinme period, such as 1000 ml of a chenotherapeutic

agentiGoy es a@ch%ﬂléﬁ@ Wicwd 8f hffher embodimedher PhRERIREnnel coordinated
invention will be explained by way of exanple whereby

infsipat SYSIER TOAGGATEPGO ¥ ASBEENHE HiST BISIPRHERICRERPT GhoBIng Fmedical

.ﬂlﬁ &E‘)Eatg@% 16 Pk rh]‘(){il%laso(;ﬁ‘ ﬂdl& aﬁ@ﬁ’}élr Qﬁuﬂﬂ@ﬁﬁﬁﬁ&@g&bp havinga '

at such an exanp e I's ustrative purpose
wmghtyceﬂ the ﬂuid‘syb;‘:ingtpmy;pechmm ammmnammmrmaﬁlsmm g a patient
|nf$sed over nullt)'hg e sessions. | asting many days. Due -.
REURTPLEIED! P BORBOTHPE YR systens or
interruptions in the delivery of an infusion, the
(i nf UBGONAMBYTh areedel yntarack ateetnyprasenied louths pfrygﬂajmmng unit of

FI% g v%entp?ggrénggm%? tﬁe infusion from the two dlfferent sources shown in FIG. 6;

- FIG. gisa schematic view of a further embodiment of a multichannel coordinated
infusion system in accordance with aspects of the present invention, showing removal and
replacement of ultrafilirates through large volume infusion pﬁmp—weight cell

combinations, for infusion in a patient under the common control of a programming unit;

and
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15 session. The present invention addresses this
probl em and i-llustrative enbodi nents are provi ded

+ below. I'n one enbodi ment, an accurate fluid -
-t Wenrafed@s41ithg devi ce, for exanpl e a wei ght cel PCTmS2005/033451

conbi nation with a Iarge vol une infusion pump ("LVP")

is us ere he f sf e r|n device |.S. - .
contr oﬁ? ed'b ﬂgg ePngnéen gt g"%‘%‘flu gpiag%}llgi Hggliates in
auﬁn&n&ywhmakhﬂhﬂaﬂ@mﬁma@ﬂﬂa gylinder that holds a

fluid that is expelled by 20 an advanci ng pl unger.

- The pl ungeq | o 4BHAIN HrATHPBEEGab S FMISORYERASS, BY

a drive necraRrsH-tThHat—Tieude a ot or—CoOeCt
t hrough a gear or gears to a drlver head to provide a
relatively constant pulse-free flow. In accordance

Wit h ! f
prOV|%QE §gﬁﬁéhghr%pg?Q&g§§ﬂ§f%§¥§ﬁh¥g%é?@fﬁﬁﬁgglhﬁaKﬁxﬂme'
mﬂmums nﬁxfhuﬂﬂnovenmaegmeﬂegeﬂmnnmdapemgodm Restchedr views, the

fic fl | 25
PPy anpaal iRE5 onfie CHebdd iy Rt Sitwes o
ﬁlﬁ@ﬁérfmﬁedp@ﬂdr&doﬁﬁl@dlbmn%f eRpRificopBddtEedlihed @b ek, such as

the flowrate, within certain garaneters based on
498 mlvg ichempribarapeyie agest BT ARt IREPCEAMY t he remai ni ng-
period for infusion. The system al so acconmpdat es for

-any changesni Rvshidht wWObaRLISHAPBY MhyOdr &:R8pRy $1h8Rby a patient
.due to circunstances that m ght occuf during infusion

wdetgogss 2agheaodictrpy omedicatiny of nthendngdifatian ontusione - d should be
bR ?8.10 {m&ﬁ@%‘%@r %&faﬁv& ﬂﬁpés@g Y54,0n needs to

e nonen arl
2006/ 034178PCT/ US2005/ 033451 Typi cal |y,
medi dapicelly, sobhemathegaryr meflwmmdednﬁusﬁdc@wenulmalee@ssmns lasting

for st.-be ut P ysio
bt Dudthret bl Bt Sons Rt HPlsRarop bR b B8 activery

& rmllﬁfusm;h ubeidfiefonfhay bt eatly of GNPBY ﬁﬂnﬁ hodrk/ betihleridag he infusion
mapy s r|n e- borne. nedj cations ar ed in

Sgﬁ}%le nif g)rVﬁﬁl%qoacin%‘.fcsﬁ 8 #9 qsﬁgﬁve embodiments are

PR &Mviﬂt [0he HRRDIREGS, SMtacSurkts VIR m@f@ﬁﬁga@nce for example a
concentrated nedications in a syringe to be diluted

Bi bhé celbi somborasiop agihsa ]ﬁigeé’ OHEf WSIOEW %ngl iy ppegrvbere the
|
DRy ke SelohEISA AR BURRLAEA idaen | ar o°

a view o
mul ti channel coordi nated infusion system 10 gccopdlng
t o ofgringetpvdipseyrricadly cohwstich aeiindsn thaTheldsra fiuid-taininekpelled by

Coa%l{/g ! nat ?\nfre;:]f ufhe @uﬁ%&tlﬁ mSJB?}glgdvbﬂE% 1B%r&1t tcarhflder by a drive

ogra atten re sys msim ar to
nebchalisps et m&lu'deﬁa mRabetdnnblded HrotikB, 8561 o gEgges &,driver head to

|ss ebruary 3, 199 'S i cor ated her ej

@@rl@ﬁ@ﬁé& co tapls@,?fﬁﬁﬁ@ gﬂﬁ%ﬁof én%‘-‘fte?ﬁ the present
uiv@ﬁtidahd @SnénP & ﬁt)l%QIch ab:adéiatell REIngl2 ptefdieféﬁﬁ@lb@ %ﬂuale of fluid
with at least two functional units 14 and 16 The

017 3 predrtpoinedeastigdc gathes thagRpgAnas §eprsili flgw ratc ‘& cloicimn

| ?rJr %ﬁ § %ﬁ%g{é; '{}Sl]ﬁngn@ D idaEa RALS tgrk%?cﬁﬂﬁ gneﬁ)f& taﬁ@ﬂ%co system

vi des physi cal attachnen system
alsbmamally edjusts che afbw YAtgyowitiin mgliqgmlpe@mtmts Pbeded an ltsg remaining

rovi.des t he_svyste rovi des
otk @6 “Babhb oot fis' EuftRE don, foby RSER, Pl svseem a0
a@BEmoaXEERk aﬁ;ocfha@gerstm startingfadd sBPHioNOL 186 Eystdm ﬁﬁmlcﬁeﬁnstances
ority_ of the user |nterf?ce wth.the system

thel %?glh%ochr dpting APEYFIgR 4USR A AP BFC SRR 561 11 BredRBRqn lige or for some
otﬁé&easan WEBI% ﬂE’e%ﬂs?onlﬂae&s%e B2 m%gleaamygt@?e@t i on displ ay

be any type of display as a liquid
crystal dlsplay The display 18 may be used during

~ setup and operation procedures to facilitate data

entry and editing. The display 18 may al so be used to
di spl ay various operating paraneters as described in

relation to FIGS. 4 and 7. The PCU 12 may furthernore
contain a plurality of hard keys 20 and softkeys
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30 this enbodi nent there are provided five softkeys

S1-55 on the left of the display 18, five soft keys

S6-S10 on the right of the display 18, and four |
wolnbeeps17611- 514 under the display 18. WO PCT/USZOO's/O334ﬂ1
2006/ 034178PCT/ 11S2005/ 033451 Again referring t _
FIG 1, there are two functional units 14 and 16 _
mountypically, medicpigy sphution atef previded nmlcouentrgied foram dnd Buust be

S48 B S ! NSO ST et

,vcdmﬁ@@r Df)éfmdd mrs], u:oﬁlpaf%ﬁt?ﬁnlv Neip &.ﬁllﬁ]aﬁﬁﬁ?fnﬁcteﬂb@nd ﬁlebﬁgtwns are
stood that. altho ional units 14 an
Rl B e B et R P! e e tgfon. “The prosent

infdnbieh hoGRd c&ﬁbﬁt&td&ﬂecﬁ’@hbﬁ&ﬁ@%&ﬁé@ £ BdiiRddns a"%ﬁﬁﬁgus basis
- care stem 10. - The fi-rst functional unit
by %%U&aﬁm% sqlpf isuth 2p BeRERab palinggolvtipe sumied via a large volume
,ﬁ@e& cally, the first functional unit 16 is
preferably a |arge vol une parenteral punmp ("LVP")
-Wth a flowrate of proxi mately 1000 to 2000 m /hr, .
~ or Adeel iSEhdewof ml;mﬁml a@rdhatehenfisionstystomidt dcomrding to one

erﬂ’b'a e%l@ éfnéﬁ |h| Vo ff&Od mmul@%l{ n%g l‘ﬁ?‘ggmﬁﬁil gﬁgu%}c)ino sttem 10

ron 3 nto an I I ne
mq@qmrﬁm a \praprandiable tpa@smt cntugitan dhianelthiChaniel inNI.S. Patent

i nst.ance, P 16. T di Ll ution sol utian
Ny TSP FRRais g TR SuciiO8s "ot Tpaiecherein by
refSRhéH, '%pr@ﬁgmbﬁbk)ﬁﬁhé&ﬂ |c!31¥ s?ﬁ%@hﬁ@&s\‘é{' ﬂaﬁéﬂﬂ cite unit (PCU) 12 in

‘receptacle such asan IV Db . The second

| commf@%wail rigast 1o fupciipnat @fﬂéfb |19 23d 16w Vil BEE 12 imeokporates a

cohthi ¥ U&era} ? 3%1#81%5%311&&?%{ dnld ?ft_leg %@en;tr Eb?r QJS{C% 1typrov1dcs

task’ o e Seco unctonal uni
a phpdicad mﬂmhtnenisoﬁ the dgtanv@rsttacmmscsadt asal\émonﬁ:ﬁigc;@lds and bed rails;

i nt. 34 waarredc i nf on chan .
TR S S T S S R e
deving] £ &-QRpITBY clyRirARFbrNIRS:; Andiitypeovidbsfaliskith of me i @interface

npl e a chenot herapeutic agent. The syringe punp
Wltgihesé’é‘@’é’rdl ng to one enbodi nent, includes a syringe
size 20 detection system having a sensor 38, such as

a | Frearis as eHRkRH vidwloBaPue11 BvwaYihiFae] dTREBERT 12 1nc1udes N
that" is then used to determine, using a |ook-up table :

an giforpqEon fisplay 1 dhat gasy bsany yynerafalislay supls aneliggd oystal dlsplay

TIEBISEATDS 8 34 L, D058 LS TR 50 Bt cor

andsaitimgy €Ehandlisplay he nggsodicarsed e display vadasrogemtng paraneters as

oo P REONY a7 8 TR AP ol ety of

har& k&s 20 and beftkeyd BG4 Botantchthe@ita bt ERRRMARIE HIAE kBRe20 may

a_neasurenent device 40 such_as an accurate |inear

inclgds mprogrical disbkeyshdt, HIteationikaES Rbvisychr asaup poh gewn 4@ys), an
EN'@ER %e$ 26! NOANTET. L4 5@@31?0@%?@”& e A f G? @(Snntﬂgﬁ keys exist

gun ger 42 must travel to rea ndo
suchie$ POEYER and SI]'_.ENCE used to terminate an audible alarm. Thc numencal hard

keys 22 may partly be used for entering numencal data, while the remainder of the hard
keys, as well as the softkeys S1-S14, may be used for entering operational commands. Tn
this embodnnent there are provided five softkeys S1-S5 on the left of the display 18, five
soft keys S6-S10 on the right of the display 18, and four softkeys S11-S14 under the

display 18.
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stroke. The plunger position taken together with the
syringe size,. enable a processor 30 within the '

mul ti channel coordi nated infusion system 10 (see US
PYO B/ 0NG78 5, 713, 856) to WO PCT/US2005/033451
2006/034178PCT/U82005/033451 accurately determ ne the

vol u f mai n i

dot eraptaEBRE I Re HENE eAth Hhshafy S PESie @ fba o me

PEUdes iThe Gunctional unitf 1445:&1 16tdaep1emmmpfemsm9mu@éheﬂ lethe PCU 12
PCU 12 conmmuni cates with the functional units 14 % %atent No.

418l map et interohansady WHE mihe dyitiensd ity sgedosrmeddnal

" gﬁ%ﬂeﬁmﬂ is rtc?ﬁe ﬁl{gek!ﬁ&;d%dt RfiloR Ry SfuhbOWal A& 1235896 QR shown in

termned anmount of undelivered first infusate
Fl6irdi nidierpmt ruvebes pé fengiion] prisdaee Periltrerposasbditpso gfc patient care
{Isw cioto be i nfused, and a predeterm ned i nfusion
i period. The control system of the PCU 12 then
controls the flow rates of the functional units 14
and ﬂﬁxeaﬁnsbﬁuhlcnqllajl unfil 18 is3preferablygam pifugan qvﬂm[pl awihe dike. More

ﬁe Su%} Jgnfﬁcggﬂ?ls tée é Ca%)liﬂ%e‘?}{bﬁ aof]ar RO paI]Bnteral pump -
QDDHE yeEeH zoﬂmlc @Atk We H}lﬁtﬁdﬁlmétﬂ@lﬂt()ﬂaltd 2480 mmr bﬁﬂ?mo Tt ipithary task
such as a saline solutjon af a main nanc oW 1 at €,
QRS ok Rt Wt TR 16 P RHERRRS S as SHU68 deREon 32 into an
WRAE M liYoertcannel pﬁleni be adﬂﬂﬁﬂdnolﬁﬁﬁ;hﬁn&@bmeﬂ(@hanne] A) in ‘this

cont.inuously run to -keep the IV |ine "open", although
intinse,ithe hOP 1. [Fher diltips FalutionThaxsby #ivtnesiralfsoyjoppuch as a normal

i plePan o i h s Y bl e ERERIG R BB D

Channel A is set to begin infusing sinmultaneously
WI t h Thh@estmdrftnafonal wetlil€ &t proferablf adiervoBuneotim@h anfpsién pump,
LI the infusion _f éagﬂu her Igho%ntﬂe secon%bfupﬁan um? 14 in this

ny reason annel’s
efubaticheBt Wi tbldeBtam &brﬂkﬁﬁa&ﬁeﬂ&.ﬁsdaﬁon Wienhd Neliahanrel a medication

that initially s ped.is restarted, bothc nnels .
ipfggiprmrhanpel it 1%51%13&&?{ FCPyA BBERH BUER 14T be Begjcaion may be
ARy h@%f 1%l ﬂuﬁcﬁ)ﬁﬁ t8r &ifipledt BebihbABedRGeeAL | ON

infUsi on (Channel B)-20 sO as to infuse.the renainder

of a_desired predeternined nmedication_vol ume_wjthin

't heThe fafirgrePusP Hh BFIB0ELE PicctBbtimeHedngiiies Gysyrnge size
dge@% teﬂﬁﬁw 2"RiFaki ARnNAS, ﬁﬁémlaeﬁﬁﬂgy HB88Mhsure the syringe
I NT use e nedi cati on |nfUS|on channel -
dammhataalthgn gtedplo Glermifive ughg wtlookup el er theckiberibe type of

ﬁ%ggl{aé Is VgeL[Lseﬁo Bk %%1?& ea éXﬁng %ﬁnﬁt@ Ignglf a%]éeter may have a

ﬁ@r@EﬂﬁluﬂﬁzedThﬁe camn @cte@n bal dtherasjrnﬁgd‘:sodlthﬁ;hft sarhe Abameter, so,
the_invention. Using FIGS. 4A to 4 xanpl e . of a
agrorting 1ot s AR RN tch AEHGHD gvg?@me%fﬁ) oW B syringe size as will
b@&ﬁ&fsééaq{irdﬁio%toﬁ@@ a main progranming interface
screen 70. This main programing screen data 70 is

di spl ayed vvhen the infusion systemis either running
or WHesYERge BYBP dfhiay Terdierranie Trludect meashisrgt dexise 40 Buch as an

| ac%g}%?é' Bhed: YoSitioR" £t NgaifaseQldinK e (212 Pltheef 45! 2 hringe has

traveled and how much farther the plunger 42 must travel to reach the end of its delivery
stroke. The plunger posrtlon taken together with the syrmoe size, enable a processor

within the multichannel coordmated infusion system 10 (see US Patent No. 5,713,856) to
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30 to a displayed function will activate the function
or'connand dlsplayed next to it on the display

screen. "A" and "B" are indi catlve of the Channel A
wododchannel B infusion WO PCT/US2005/033451
2006/ 034178PCT/ US2005/ 033451 nodul es connected to the
system |If nore nodul es are connected to the system

agghragdideteomie et YREMGOM| Bedisatiins FiraRwns Br the ggR0ee  Such a

(%I&g‘ﬂlltia%on JII %th%uhmugﬁ% reaPfime & REiRd oudness”

I'ons of commands nmay al so be accessed via the

soft keys. By pressi ngf the "Options" hard key
(r eflorendls erutrel gteBotithe RPEG12 29 mwﬁelcgf@weht@ffuncnonalmts 14

arﬁp %H& 72%1%£sufelngnt ?lgﬁeszl(? i ee gf.}lmﬁérﬁ%%r;t 1lnﬁ139cclmfusmn

Fst ace screen )

- floptrito ﬂﬂseﬁbﬁr@ erdemgu@érmmcmht oben@ethwcmd a‘“rrsi idhwspk aymeingg in the

t he screen pr SSi the "P fir ke
sspeea, S ppicimte NG R ot ©pdaiind, L e pro S Bhhion time
pdied. 4Ge conirol systeﬁi’cﬁﬂ BOPCTAHIIDER cPBFdlS tel feov Yatcfsedf&maﬂinc’r:ronal
to i nfusion are: presented in FIG 4C. By preSS| ng the
undfgflé apéy6 geopinglyt o " Mul ti channel | nfusion" the
functions pertaining to further 10 aspects of the
presgpt 3'19‘&33?%:'110@1 B0 §2t8 96 88588 time 48 in diyFicaliblusion session.
presents an‘interface 76 for Miltichannel Infusions. -
Chemiel A ris dyificadley sas|upt tos infeset h @hamagplogipalbh @ert (neutral) or carrier
oRLSAACE O Wil 18 Rt céﬁwtrht%]piﬂ e RARAEn is loaded
be or :

O.OIILﬁléC to enterin ow r at

 anidhefusidh r‘degﬁmn Cﬂgpicm]ﬁ)u ﬂhanneTlm the |ddumnachanm;1 ishm»ntlmmldy run to

kctglg tebgzﬁgfsv\}:q{qe ?g}pg} o aFUE f’—%? 18?39113 lﬁrjgfeééq%i%te %P}.ﬁfﬁ@éﬁ /8P bilution is
refel@Vid & £rffntd@nsd ibusich 3NtL aEebratit PrddoRrUED ﬂﬂlﬁiﬁiﬂ flow rate 52

hard keys. By pressing the soft key next to
on( Chaginghe 5058 O] ]Pﬁ‘gﬂ'sef%“%m& ﬁ]éaqlm«@rlﬁlérc@ﬁ% éraf‘eér%rtﬁ @ fmedication

mi%ngh 5& on'¥ilahodl 8. dir S Jﬁﬁﬁgm o-ﬂéﬁhé‘rldﬂﬁhﬁél @Poﬂ%ﬁatﬁﬁ 1ﬁ9rrupted

or approxi mate vol une of naintenance fluid

' ‘<@oer 531fmsmy resuch bath cmcelmA asd $hwilh sion slun@tana@slvrhwhen the

5 EEI by R R i Bl A

anK &%. 78 PCef BT iteRathulp edjustbthi natb bithe Zl)edrmyorbmﬁmcms(@hahnel B)

so:qgég?ﬁf{lnfléql r%&gn@g%%e A ap L/glg%}fe @r@ﬁqqn}q;a eﬂ.\cau% érof_lume within ‘the
rclﬁélhﬁlérc bANni SNIGERA PreR&OARh&ad p%ﬁo&onf)néénthé" QleMiAddl alelistion has
as ‘a backup precaution. The "ENTER' hardkey is again

copapb@sé:re deer infosedli fim medication infusion chepnshAyomelieally slops 64. The
e RTER AT 51 W hEcBRael MR Tebibanc o .
Channel B, the soft key S2 | ocated adjacent the ' '
Chafi@s. J&rtrte o amdnrcﬁaqemracss pﬂeéss @dnne@h@pwablang’mbhélmem of

o AR SR L i e S, B sy

wiBYbivngelefitbpd.enbodi nent of the |nvent| on as shown in
FIG 4J is that the_ cI_i'ni cian nust identify the

F.[G 4A is a main programming interface screen 70. This main programming
screen data 70 is displayed when the infusion systerh_ is either running or when the system
is dormant or not running. As a general rule, pressing a soft key (S1-S14 of FIG. 2) next
io a displayed function will activate the function or command displayed next to it on the
display screen. "A" and "B" are indicative of the Channel A and Channel B infusion
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type-of syringe being used (as flow rate is dependent
upon the rate of travel of the plunger 30 and the

di aneter of the syringe barrel). The syringe type may
beoawtsosrrs cal | y determi ned by the punp, as dipecuszesises
above, and are dlsplayed as per thls exanple; i.e.

an IVAC 50 ml s soft s S7 o

ERGC R0 S e, TP 0! LS 510058 e g, en

ZRRRABALBRGA YS2095483 345dach Geidert etheS WolRGLirfye" or "alarm

If the syringe type is incorrect, an interface screen

lopénessiHiedtionher aggERanARipay @15@@? afa:eéﬁeﬂ FiariBp Eotslpisn gy pressing the

'tcg/;}%;%néf“' Hata 1?e§; (Peﬁf&gdc@ﬁ cfal9h ; o blredd\G ﬁBﬁmfof FIG. 4B is
s con , e i nter ace s oWh TN

dsrdpledy FHG. 4Phie adirstriptomniniesager smpn éa Acnuanitee pf OME)HS concerning

medi cation infusion.flog B Ie}

L N R B s e N o

PIGFRE. ) 0 delfrid 99tionsSPREA /it & WolhaepeFIGheC.ent i re '

vol une of the syrlnge the soft key S2 next to "VIBI"

may be pressed. The i an el ther ent

Vo ukeptBes B S adBationy p{ReR ORIy 6 AHpEhe: K AC BY

ﬁ%&sﬁg REOMR 16083 n@ﬁiﬂ‘?mﬂtu@l@&eﬁnfﬁ(ﬁ“ 129 fuBEticnB @ed@fihg to further
gain, the clinician nay select to infuse the

%WF&@WPS@WIQVW% Fay 9 erafgedi nf using the entire

contents of the 10 syringe is evidenced by "ALL" next

to "rGBlp r%héﬁ"lﬂtehﬁcé: Y6 or WrultidiiBne! AbisioS i O G ¥Ye relates

alternatlvg e set as a default setting Presmngrh ,
e system

b I SBursof the m@;mmatnce Sleweaftthe kdingppiugan tVlﬁ Chemnt:l fhe

tion of t S ,
s I A R
eftel thealededtflopi e ih ynilliditpts peshobn(nulf) agstavprie e e Fredxample,
vol . ume of nedi cation. over a termned ti o :
agetipigaencalloy saty L T P FoiPe B B R e s, Piygresing tho
'SSft 'k@jr aL:ano MasRB ed“@&ﬁﬁé-té@ewseae) th e@flch kQeMOTEIBEFIE, 4F will

rlngre To input the period over which the entire
b@cﬂmp&med s The cb@cxaﬁfra%@ﬂtelt HeCHACt P MIPETIBAT Sfolurp, gf maintenance

fﬂlﬁgﬂg q%qnﬁlééaesu\éh gs rﬁ%ﬁ@hb%ﬁ Ly PRY. Qka QY8 soft REysEERMB! "BTush” or

our péerio wn in N. By pressing the

"BblidaSf mak g prhge@ttaraﬂter ieftberobf tfhree |S¢tf:111$:1 orhard " hard key-

PSSP P U OB s g o

HIGS 48 e atte: P00 Goredh 66 S it confimmtionl (The piihiciarliy agrén peimpted to

to default tothec rent tine,an cian c, .
- conlirm e veRmblegss grb baglmEioR g0 L LRRE b@fﬁ#%m@ﬁ%fﬁpfﬁmd to

Adelay in infusing the nedication may be
esirable in order to allow the clinician time to

- first perform another task, such as adm ni sterln

pr e- HiHi daisizofmsnel wiecan Aefei ChanseAnt WPWE, togh@. ‘éﬁh"eﬂﬂg the

D}aﬂltegja&qufus_mn. To move now to the medication Channel B, the soft key S2 located -
_adjacent the "B" Channel screen indication is pressed, displaying the interface shown in

" FIG. 47. FIG. 4T isa syringe confirmation screen. A feature specific to the syringe pump

embodiment of the invention as shown in FIG. 4] is that the clinician must identify the
type of syringe being used (as flow rate is dependent upon the rate of travel of the plun;ger
and the diameter of the syringe baﬂel) The syringe type may be antomatically determined
by the pump, as discussed above, and are displayed as per this example ie., an IVAC 50
ml syringe. The soft keys S7 or S8 may then be pressed to either conﬁml or change the

9 .

s,
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25 the chenot herapeutic nedi cation via anot her
syringe or infusion channel. - As described above,
the nmedication typically nust be diluted with a
WoUbde@b1%0l Uti on, such as saline, prior to i nicyais®Ms033151
into the patient. To set up the ditution channel the
clinician presses the S12 soft key associated wth
detepled\yEnge thé.cH e Spingy $yreHe ingPIedti Bninforfeet §o4p68 trom which the
SCr sho |0 F t f
LR e P i by VLS00 AR R U8 e type

is smmﬂéeﬁh@ﬁmﬁbaklﬁmwmm "“BAEHEisplghdwn in FIG 4R A
flow rate, for exarrple 100 m/h, may be entered Vi a

the gunerjcal hard

200dPEs BT st AP 48 o which may be
entrddvia \iBhimedihe lekd kéyei dif thaylidobe ﬁﬁoﬁlhii'pﬁfrp reexifimed e specific

volume or dilution soluti-on to be%rg%ﬁe for

voRIERTRY Eicspmireivoluee eh AR YrneE e o 2ynah Rttt ey be
éf-s?e(f OfijY &ﬁﬁicfuﬁxsﬂne? ithRctel TRBILRNL HR3KBSRL 6F, by%ltbél‘%ressmg the =

ow rate o di lution solution. I|f dur|ngt

- haidwpiei @WII ¥ays $ywnerah 2088 FdGt 2)ote thy $afit keynSZsagaii therelinggipn may

m the ou o) B |
N e T
syfigf ig eeidesoed byNAIIY steenio W@ﬁi‘l& bt gebwriio I&GW@L eflbe fhb " settmg

SR i Y o
" fo ;Hf)%t Ak biatig oSl %fu%n'a§sﬂd%fd«iﬁ¥@(}34MU| taneously wth

he medi cati on, and therefore the start tlme and

durat|on are the sane for th the dle!h on. Chann
and Acpardipgdioctis eRPeHmER %fn B¥AEPD el ygpally T"'q““es

o 'mfaqgs 3 SEAAGRIRLS BBt itaidin HanDShecBesBhUp iphas@iod s

15

cian iIs pro t ed ress t Enter" hard
de,k:ajved o mdﬁﬁonrtmfﬁtﬁeﬂg, @JIHB?I] gﬁ%@gﬁcﬁg to Epfuag the epiigs volume of

th' E}%{ﬁg ? haC u% qg\g%eﬁgd ﬁ%(l:“ W cﬂ the? eg%% 03&@9 is E(! %:’ellﬂildsed the

PRt annel on a

clihiciag enaf 1.’ne Keyred aiseoda gleetmatit4] heid lves, fahaangle ni3/hdie period

oo Bl o 4h Sk SHEARS o R KRR B Fu S, Ulnbbina pey e

20

25

30

enfeRdla0 ShoMndrrbe4di spl ayed. To start the system t he
clinician presses the 814 soft key bel ow " START".

Once the system has started ni.n t he su
scr EeRl@dE themligician hgs Lnfgr tﬁlﬁ{é@ﬁmg ﬂ@%l%usmn as 9:00.

B Tﬁ?ﬁ?{%}h%ﬂ# Dot r@e&h@@o b i b bl doBRBCiAb by 15 @kdician can

I ng "and the cation together with the

‘uﬁﬁid thei o os slowni oard vikelys to shgngsede rtaro nmqf uéedfé%}/ & frfusing the

ft t
e e B AL AR5 N g e
tasRiich headtbihRtarag af pie-meﬂfcummsucm hal ardecauseaan tirugyprior to giving

tinme.
the chemotherapeunc medication via another syringe or infusion channel.

As described above, the medication tjrpically must be diluted with a eeutral
solution, such as saline, prior to infusion into the patient. To set up the dilution channel -
the clinician presses the S12 soft key associated with "DILUTE", which displays the
dilution interface screen shown in FIG. 4Q). To enter the flow rate of the dilution eolutien
the clinician presses the S2 soft key associated with "RATE", shown in FIG. 4R. A flow
rate, for example 100 mi/h, may be entered via the numerical hard keys. By pressing the

10
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PIG 5is a flowchart of a nethod 98 of infusing a

medi cation into a patient in accordance with the

i nfusion system described above and shown in Fl GS.

M0 2@am@3abs ni ci an or the systemitself, as descriubeds/o33451
above, determ nes at step 90 the total volunme of

dic tion that t dlntoth atient

S0 Sy Sorspieg il ORI B stERlanabt puctal Seapaiese votume or
fiutRR shMiidh LRSS, Fe¥kiRge 40@_ B, a6 bhd¥:CinIGL AR MOnly an estimate
selects at step 94 t he period in whi ch the total

. opgredal the diocaiemtinspargngier is ihq8ed ralgydrihadilution solution. If

!iﬁﬁ% ttP(e {E&l&lsuale?l Stezﬁ?&s ldupgg%ihﬁ%ﬁ's&hﬁ& %ﬁréfa% vé‘lﬁ smmdf and both

constan € renml ni ng anoun
ﬁhmlmelaAlanﬂ B evilbeimubfausesly sfblpelrmb fiter dlutisy sbletion is replaced and the

ReehERibie: B sl i SHEonn Db, i, GEPEn G reses e

“ENeERORart hey Tfbedle GAREN 2506FURIGDIR)! IMThe @RS sdivtion is infused

l.ine while the syringe pun’plnfutﬁs at step 102 the
Feaitaserdn vith the RACIoR A0S EPFCDF plart fime g siapgpn arc the same

f%ﬁ{gtﬁ A Bﬁ‘ @Fﬁn@?ﬂ%@ e QRRlidat 8 ln¥uRei cl@f step

nne B infusion flow rate based on the

remai ni ng. amount of nedication to be infused and the =
time FL EO@@& ierakacialy E oSyl @sﬂ@mnql &hegtep whererihe plénician is

%Eni%?tgﬁ 45 r&%@%&d haﬂﬂ%ﬂ@t SGHAH th é%y gg 'Pising "Enter”, the

Vering, intusing, Justlng st

ineffedt Sdshatnsh @RG1O6 iudispléyetlh #1¢ o4ta khorel thereifefion of both Channel

H%gé %agd £ tr%n:xleﬁinle.n;fslfl)ﬁ?{%ys associated with either channel may be pfessed to view
or change that chanpel's setup. If additional channels were connected to the system they

100 would be displayed. To start the system the clinician présses the S14 soft key below

"START". Once the _systein- has started running,ﬂie summary screen 38 in FIG. 4V is
displayed. As per the example, the main:cenaﬁce flow will immediately start infusing and

“the ﬁeﬁcaﬁon together with the dilution solution will only begin to infuse at 9:00. After

9:00 the screen will change to show that the entire contents of the syringe are being

infused and the duration for infusion WOUld .decrernent over time.

FIG. Sis a ﬂow chart of a method 98 of infusing a medmamon mto a patient in

' 'accordance with the infusion system described above and shown in FIGS. 1-4. The

" clinician or the system itself, as described above, determines at step 90 the total volume of

medicationr that is to be infused into the patient that may simply be to infuse the entire
contents of an IV drip bag or syringe. Thé cliﬁician then selects at step 94 the period in
which the total Volumer of médication is to be infused, such as twenty-four hours. The
linear posmon sensor 40 constantly detects at step 96 the remaining amount of mechcatmn
to be infused. The control system constantly calculates at step 98 the time remaimng in the
predeten:mncd period. The pump delivers at step 100 the neutral carrier solution into an
IV line while the syringe pump infuses at step 102 the medication into the infusion circuit. -

The control system constantly and automatically adjusts at step 104 the Channel B infusion

flow rate based on the remaining amount of medication to be infused and the time

11
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FIG 6 presents a nultichannel coordinated infusion

- system 110, -according to 5 another enbodi nent of the

i nvention. The mul tichannel coordinated infusion ‘
SSlogdRsusgSi M lar to the syringe punp enbodi S2005/033451
descri bed above. As in the prior enbodi nent t "
present -mul ti channel coordi nated infusion syst em '
BPInE o shea pREYeImined Reliadd| Hep gelener GllcuinE e gl vaRE, aniusing,

a{gr}!’\{i&]g%mg slteglg 99'18% Egaﬁed% P@kﬁ]ﬁglq:h% ':ﬁ” A ok tc!g\ﬁlerﬁhcatlon is

uiﬂléeldl ne 34 connect ed to a patl ent . The system 10
further includes a functl onal wunit 112 that conprises

ot o 8o o RS e 6#[9&%%93(:%?%%%5’(05 acgording to

ahdthdrasneddidnad iop thd BEuRRaY ) Thi mhlntmnacadoﬂcﬂnated infusidNsysiem is

R A S N T X AL (0T R
pié's"ér@ PHultERRRY BbAGinBeRiHGRH é}@ﬁngc%glﬁrﬁesm g ei‘ﬁclﬁ&ﬁ@“a control

wei ght: cell 15 116. A clinician typically i dentifies

-S¥skean ragg gpt-HE| 16. thlbeorsmélﬁmdﬁdwmmdtw@lmndM bagedq is pumped

this i.nforma
fushthintludesp mﬁmﬂoﬂﬂtmn/b]lm cmehrides afivem1 idf aIIdhze welght cell 116.

nf ust nto the PCU 12. The type of recept e _
ThiohERh{ Pl PG Py oG FAEHBL A0 L BRI, Radi
Fﬂéqu@cy)e\g;ﬁpﬂ@qiwggt ection system 122. The tare weight’ g

may be determined from a database in 20 the PCU
progranmed w th_the names of_manufacturers of

r ec 58| eceniRrls hES: sughersq8; Yhirnhag ﬂ%‘l’qknP‘@Eé’ﬁ{%|®§hang a
o f éﬁg%g%g YR GHAEIR colfBhid E ddR Aol B0 i@%queaaeda@&h%gm cell

n device on its receptacle that the PCU
119e Afslinictap typigally fmehfpﬂsathmcmclmbwsgwdﬁﬁ drogy thie b@@ht cell

thgiﬁ;[%t(lfl%ﬁﬁ%mr rCthg L?JJ%Q' lﬁezéﬁcéyneﬁécgﬁ) {1% nﬁ The system

.(e%a H}&?ermaﬁ‘y Q@aﬂ %ir)l C.?S fagt(iecr 50 {H‘ra’cﬁlt 6&%5‘ ﬁdt%%rs Qs Eﬂl%gnnanon

urer’ may i i den

| togeemmxﬁx:lhe apm)bcuﬂata go‘hhﬁ aﬂﬁﬂtﬁaaem of e ifusiaminto AU 12. The

iy O RhecpPft it Whcs P dipr el Pl D iBingd " Syormadlily oy «

reSapbicleatdolitn ng@é SlQQClTﬁlear@ it ghit AR e deRPMihell Fofh a database in
receptacle's net wei ght neasured by

ht fromt
the Q%R/wp@ﬁm@ém th fenames eHMaBRERGIFETSOL ToreDiplas alaftﬁh@rﬁare weight

- of Qﬂeu{fé%ﬁ@% \7I %Fgfg@%:f}xg@%e o o? (:_\lé(éq,g‘?éq% %%.%@detci% £0MRBESFormation ‘

dewige v ok awmeﬂaclc@batdhmﬁ(ﬂﬁdnayrﬁewi[m reafs f]&amphi@@xsbnhy wleigh the

arf oS Gt mThm Bier B0 it RO e B e Bt R e gpayy mclode an

idenciFiBnen e rb@ptaﬁfeliﬁﬁddmg e mRasishes'Siladied m\ﬁeeigﬂhsbe@@ﬂﬁ weight
the tinme remaining in the.period allotted for th

of fhirhagith gramn Shequeighinlihg {16d Rdle Beepiglees cURVRRGBY syljracting

-thz@@ c&fﬂ: EGRdindlsBolvh ta%@&ggﬁﬂk?ﬁg cié@%@;@%/e%ﬁgﬂ'égsurad by -

ired. |l naccuracies due to differe speci f

'thegwalxghit pedb df tfbieulQ® delivergethemaadioption of ﬁml ba(ga@rmhtthe LVP 114

1%9 t AL cific gravities close to :
(C El%tb%gnﬂecy{”gﬁg% mass%?o wat er which is used as a

st andard) but may be taken into account by the :

mul The paoeassor ot thmelﬂmhamm]sq:m\dma}tsi Hrfmsimﬂsysﬁhe 110 (COIHIO]

| SYS%%J an omfgie %ﬁyf’ 8&%1’&?’1%50%}3'01%3 % mcqﬁertlg\{/ rrrzlitg %asad on the predetermined

total volume to be infused, the measured fluid weight, and the time remaining in the period

allotted for the infusion. This determination may be made continuousty and in real time if
12 |
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5-. weight change of the receptacle 118 and adjusts

the nedication infusion rate via Channel B

accordingly, to insure conplete dellvery of . the

CcCO289 84168 t he receptacle, or a specified vom@qﬁmmmwmmaq
the predetermined time period-allotted for the

i.nfu | n.doj . the system.aut tical

AR, Dbt e SR S OO T e S (e
%@@m&&@iﬁn R have sFemflc pravines EMBEC) 8ak eURstnSlat Goass to water
and 114 are preferably renovably attached to the

s Faeed 16 arstandpe) 1Y maY bereipkee it aspetdige dewpuliichannel
8hgha JE&J R St&ﬂ' {1@ 3o Qfﬁm%ﬁ'm&&ofeb%maémgs det@mines the

be under st oo at "al'thoug functional units are
whighinchiamgeFdfGhe ﬁ;cegadf: e amhmdjlmtmfbe medfcafiemutiisoimadate via Channel

' S;;%%%"@?(Ot%emslu?ecgor@%r oy lld E: [ﬂ]g t%i%sao%gl %ceetaclﬁ, or specified

hetinghtin the RERisahmed Cignsr ;&hedi M_lotﬂe& fdil'hﬁb inveisghit I6@bing so, the system
enbodj nent di scussed agﬂ t.he constant control of
Rgcally sdiuses oRPEiRSR CERQHAE Augtoy SECPHEORR EH-

for a positive head hei ght. The arrangenent above

per m1s thihSiofaldateny afd 119 8e pRiférasly Q@ﬁé@'ﬁlysatﬁf:heﬁrto the intorface
unknown vol une in an exact_ predeterni ned period

of ,
PHRCU 12 2pd may emiprehanpyd Wﬂéﬂ%ﬁﬁ fopqtipnglgmifs, as\sﬂ@%cnbed above. Itis
ﬂo%é‘ﬁﬁ%rs%b@t @9& hich 't%'f‘t'}ﬂcti% 8 mﬁ{s% %ﬂoﬁf?'lﬂtmﬂ% a different

are e uaI y app |cab e to the weight

- wwiber efifbocionentitd exybe wdretatadentoddFpaBentoare fysE Hoe

user interfaces used in conhection with the above

oS LR A NP s BT 119 v

ol msn:lbaahmandlmmsted dbhed, texphstimedntra of éieéﬁlaw.) raid t’mrctdgh Channel B

|or enbodi nent . ., Agce e multi channel infu

REHEN (6 Redory BuH(e TR B o hE aifiatmea) AR Sepertmt o Qivery of
tBe st ReElchi® of 8h k@Rl Golith&SHh ad Axdco ﬂeﬁe@ﬁ&ngdn E&Ebd & time. It
FIGS. 7TA to 7C for the sake of co Ieteness

ApaireRedn e aliligiio dakver josntxyeatntad dilufien yud mﬁ@lﬂﬂ Soluﬂons
described in relation to FIGS. 4D to 4H and shown in -
FI CSpid® 3 Gnd Qlarfaoéqu% aplssn19 o GRITREBhE BES %mbé\ilment described
summary screen where annel A is-shown to be _
ab@ﬁiverlng a mai ntenance.infusion.is shown in FIG 71.

By pressing the S2 soft key next to "B" the interface

- Scr egf; 8fh fovutdhe ubé}fiﬂﬁifg&s $683d4R dofndlkisRWAUeHe %50\‘%%61 ght cell

FIG 71.7°30ln a simlar nmanner to that described in
embbditrieninof theBn@Sitioak The 2EU wied iamowneciion mﬂnwmbgchment is

P{ZO%II ZJ? Eeci :glegél?'ﬁlﬁ SII&%%’%”@) fhe :@&ﬁasinedtllﬂ 1efahon b He® pnor cm%odxment

Access to the multichannel infusion mode of the present invention is attained as described

=

in relation to FIGS. 4A to 4C and shown in FIGS. 7A to 7C for the sake of completeness. -
A Maintenance flow raté for Channel A is set as desctibed in relation to FIGS. 4D to 4H
and shown in FIGS. 7D to 7H for the sake of comﬁletenéss. A sumimary screen where
Channel A is shown to be delivering a maintenance infusion is shown in FIG 7L By

pressing the S2 soft key mext to “B" the interface screen 80 for the infusion setup is

displayed as per FIG. 7J.

In a similar manner to that described in relation to FIGS. 4K to 4P, aﬁd shown in
FIGS. 77 to 70 for the sake of completeness, the flow rate "RATE", volume to be infused
13
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WO 2006/ 034178PCT/ US2005/ 033451 "VTBI", duration of

t he infusion "DURATI ON' and the start tinme of the

i'nfusion "START TIME" are entered into the PCU 80.
Woeopegram ng of the flowrate is not crit |Irch/USt26h\,{,334,l
the systemif the entire volune of the receptacleis

to be infused as evidenced by "ALL" This is because
"YHRL'f diadionatfdahd isfusoms 'DﬁRM]IQH and ilgt séeglt fiype offthe mfusion "STARL

bt bSO PP Kb e S B B s i

thB Q¥iEn aNthe Fhitkt@Surhie BBhS irt@ptadle dto e | ifrbeichs Fb@[de@@bdf h@r "ALL"
the infusign._ The weight of the infusign fluid i

Thigdepeaere fhesﬂ%%refauatceastﬁsﬂys%mu}ﬂée& b&hal%%m%aa@% F?Oedmated

111%{&1%5;&@:51 Rat IR 4 &E&ﬂé{ﬁ akh xafei%ﬂb}? A€ nhBEaIfARLE Sd minutes
net wei ght neasured by the weigh The Channel A

reghiaining ionan ﬁfqtigq‘l daripd Tarkibs lﬁ@ﬂioras'ﬂtfe*g@ghltbédhﬁ: infusion fluid in the

2 PR TS0 A SRR L P

recopieclefset wengh&nemdb&@ha Wexghte:nllpr esented to the
Cl inician as per FIG -#S. The clinician is pronpted

ENTER: tocnf rm.t he . se -.
O PRt AR SR b s SRR R g Fr65. 4Q 0
@E?ﬁ\/@hdnm lﬁ% @kI)Gg 'rl]'"/’lc’;todﬂés P’bﬁylﬁdsakEloﬁcoﬂlﬁle&iﬁ&NS Aheinfusion setup
| QT Us] on O ot anne A a on a ti e
COR%%&U&@%T@P%%WW%W@@H%ﬁwﬁmﬁn ﬁﬁyer[a% gsg‘é'a { jcian is
plé’ﬂaﬁt% Gh HBANGINTHRY (& RanReh 'the S&kY Bhovd 1@@%# WQnaIOn pressing

channel s were connected to the systemthey too would

"EDETH"s BleaiptedfaceT scretna$ shaven &y Eienilt ﬁeh&pﬂamd cifd@. 7T shows the
inf3bi% %?%H{hh@h%flté%g& Bkgly a%lleto]ﬁﬁe §8_1Arr§%_ys as%&fa%e& ngg a.u}(’[ channel

sys as s Funni ng, r'y Screen
mdyl & prddsadstoed lmpzl ayemc,é\s:hzﬁechanﬂaé's sxtaplTé adchsomal hﬂﬂnmaﬂs were

cOREGRAIPIPE RISy YELE 0 PRPHE gl Cal (e g the cliniien

pré¥eddi ﬁatﬂ@msdﬂ)ﬁ@f BEIEwWW S’MRTTE Qinke tieOfyseat bis @miad kinning, the
only begin to infuse at 9:00. After 9:00_this _screen _
SuURmaly $EeRgeS RdFISh AW it H&Plawe /5 Petrthe empndescdffed; igelation to

ther G6PLABLERAE d%@'nﬁlﬂnte%eé %v@%ﬂu LRBCGidf-Rl kAR mr% and the

crenent over tine. he thod of .i'nfusing a

‘ mqmn@ratqcr@hen witlothe Qdauclemlumqm Vaﬂcﬂ@}ydmgméo wifede of A0, After 9:00

L nrf ngﬂl d&\éﬁné &0 B e s?th e !:o%tetﬂgeof ce%gacgcha?é %)emg infused

exp alne rela on.to priror e

lanmhedptanbhatouldhacmntm@nnﬁensor of the ‘wei ght cell

const antly detects at step 96 the. renaining. anount .of

b e of e HRSE G b et At eal o iy intosion

sysftdﬁﬁ of [H‘ﬁ(BSI €17 i§ it btinke as that exﬂﬂl&d 8 rBIaﬁ&EEtI ﬂ:eépnor embodiment,
mul ti channel coordi nat ed i nfusion syste
excaBl G198 thy Rogitian fserioRet! ERbBeiBRe Al Sty |dﬁ§Fé‘Fit?toPFeP % the

renMﬁJufx% Eafﬁ]@ﬂﬁt‘%f AbR 6idenEaSing @hesl},’@lf’ %Hd si g:ﬁpcell combination

typl use or contlnuous renal repl acemment

) _ ' infmﬂaea@pape@%@ﬁ@wmmfash@mﬁmmmt arteriovenous

30

hem)fl |t ratl on (CAVE) or contl nuous arteriovenous :

n?f@ S(WIHQZha%H% % ﬁnhﬁ ldnYsyeRe s h&c%rdmg fo a
repla or a norna yS|s procedur e.

fur&m@ﬁﬁbmw BPChe USQ@@BhOSMBﬂchanneI coprginatedt mflwalmm system is

chronic. renal .failure. us ke
BlEoArS §8 CripasRe PRy SRl R D e g pontnons
arteiobdrons| hemefilttation PACAVED, oS chiteuens smﬁbaasr_@es aBMBdialysis
of fluid shifts and el ectrol yte changes  as S
(CAYHD) pris iesrenigily ﬂ&?&ﬁ&@?P@%améé%r@rn%wémpﬁe@ymﬂrwum
is having his or her bl ood cleansed by a henodi al ysi s
machi ne. The 5 procedure gené#ally drai ns the
~patient's energy nmeking hinfher tired and weak. Such
side effects are even nore pronounced with patients
who are critically ill. Patient's bodies often cannot
tolerate the procedure as their bl ood pressure drops
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10 patient is on the machine (the filter system
continuously rather than for several hours at varying

_increments of time. In CRRT, it is inportant to keep
aveup@toddifecor ds of dialysis Iiquids and intr @CensSuss/e334s1

liquids entering the patient and the anmount of

st BRoSE VR AP RGe Bl Bl eI kEodalysis

PRkERRS.. HORY@ERsH i Hihderplioh@Te; (BNRLEN SR H88ENa larpe amoumt
may occur if these fluid balances are not 15

&k hifjs pscheibeiradrie chifechdy Fstllagensty phsintodishchamgpetat occur
(30 PR 95 97 S LOSRlA LoBA UF PGAIL paoive. o
progedukrogimetalipddiiad the paiestssiergysnaking hinilre tgeibdndofeak. Such side

I NENIT T % N T —

CANBI thispicak gima&ﬁ@ ad theéir Plabdl grtbsuse @bbeiidahe PhA@@ther physiologic
pressure to 20 deljver blood to a | owresistance :

- Pehlsrs | (BY overaomaitht &Py B & ksl db% CRRE KGAVH and

OALER ey e SOLGETECHY it SVERL I gy o i

A ie ouribvpaeiing éhy Slieresystoto) porsimuuslintages trandit savoml hours at.
e T T I

lppuidsi e istoavehous diggids enating el pdement! thdenepy of liuids Raving the

al.l owi renoval . of sol utes, an di.fi catjon of_the
RAIPThe B £ Gha0 LRIERs ot SRROWESE TSGR 71807 P wpleged from a

* RBEHT SEMENEIhiQY ?fdbieﬁm- el R, Bk 0B AU 3F hWRAGTA Balances ate not

often intolerant of the abrupt fluid volune and

cgsfybiercsdaednlhandwmtaen ahies Bpmpionischaphey atslen dapsdful on the
' g : | t NP
8 SRS LIPS PR PR e ot

sesidns.zes .a smal | filter that is highly pernmeable to
~water 30 and small solutes, but inperneable - to plasm

prot gins . I I ' ] Lood. . Th

Pk 05 2o A8 LR, 8 SR Ol P2 O sl oot o

thehgrokdse bdmperdradies  CANVEIghicklie ukesninf patiear's Aterial blood pressure to
iltrate

dF:jllg.tvcE 3%&?)21&{1%“%635@%%%2&@5 i {ele.\r;\%yoenqéintggne Sjlf'lslte_gngigfbﬁood pressure, the
paRD6 3447 BPati kISR QORI O3PS b Afhdaidation 6F ik (0N A1 method that

el ectrol yte conposition that is either simlar to _ ]
Ug A0 Bfusiag pHEW 191BRee Grlyagie erlvtianatquptesrEpaiedpleqd flow, adding

- HRULI8E Lo ARBIJRL L LEE dofud e Rdiovidualg pat i ent. The
ﬂﬁem) | gl V',i.n

tration rcurt connects a.large artery and
vein. Blood is typically punped through the circuit
by tBethh€AVH and ((GWWHE priewidp srontmious renal replacement therapy, thus
erial -1 o-\e I ent rovide the
SEHEE Pk SRS, TP L A0, JEOKY IR of e
exinedintetilutourcatiedvynlg ontrtihe. t Uestdblapaienmsshdat afteeintolerant of

thgl g!)%"p@sfsﬁglda\pcﬂl\llr%é and solute concentration changes that accompany standard

hemodialysis treatments, can usually be treated sﬁfély with CAVH or CAVHD.

The hemofiltration system utilizes a small filter t})at is highly permeable to water
and small solutes, but impermeable to plasma proteins and the formed elements of the
blood. The filter is placed in an extra corporeal circnit. As the blood perfuses through the

hemofitter an ultrafiltrate of plasma is removed. The ultrafiltrate is concurrently replaced

15
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In the present invention, a dialysis filter 144 is

connect ed between an arterial venous ("AV ) shunt on

one side.and two weight cells and LVP conbination _
{RAbes 46 and 148 on the other. The LVP:- conpi LN,
rmduFes are both controlled by a single PCU ?&’1‘&@%&03}333431
Bl ood 152 fromthe patient enters the filter and an

Umng radiiid withtag clkGtolys composigoh hnids ot a'rmladtd that of normal plasma

FRBRANE ARfned, PB LR d HorfeBRS: S hon Fsiugomatit.  The

helzlnt)ﬁmfatlbﬁ ERdt cbafectY B athey diivbar Bl iV tﬁn@u«} Q0shged through

160, and_is mxed with the separat ed bl ood pl asim

e GEingy phe deatr 2OTHRS K B @E’n"i%éﬁqﬂab@d"@l@u& meessure gradient to
pRAtdeARL reg-g?:?e ol OWe i s, TS o ;‘%ttﬁ%‘;ﬁégla‘te& ﬁ%gs tf]gg%cc:fgaécly control

rermved romthe patiént 1s no

" theffhid moss raddnse disenstedrbawdul e 146. Li kevvn se, the flow

rate of the ultrafiltrate 158 replaced into the

. . ' | . e
Dant Fofie FRAE Yhthan, COQhH0 MRe Y ) Uicia el ol
v@a0us (20770 oimtnt oh ont kide hx\ﬂﬁtwmdmglﬁ c&}lisamtl mmmmtﬁﬁzeioy modules 146

ver . an_i nf in e d f
ol Graf Pt TR e OB o R eI R0 Sl B P
15C CBloat &5y, fidint fH@r Ve tett the @illi’ef ﬂﬂ dnl Iﬂﬁainmm@aqg kdbved and

the anmount of fluid withdrawn. The syst em can
COFFHRFIRBEERAS AT (h AV Za0TRY dlved callilparommmonenit mééﬂood plasma

prbfdgns! VR ﬂeﬁl%&b%ﬁe?:@ APt HS 'ﬁ’df eﬁt&s%ﬁ%ﬁﬁ&“ﬂ%ot a %O?dnhhﬁf 960 and is

or negative bal ance. Sim di'men ,
miged ovitth 8w m@m@d Woet plagthe ptqmms hiforsi mwringl Ub2 shd Bod to the

oo, 1A AL 1B SORUTRaeLNS SRRATFO 1P ptUER fored by

P(L‘MCMD ehati dohtr@lls Slﬁb EVOpnodule 146. | DitewMeaha oW @&Yof the ultrafiltrate

15 OO et s e GioHaf o e RCERP Sy goumal e LVP

' mdiﬂiﬂem achi eved using the nultichannel coordinated -

i nfusi on system 140 with wei ght cell capability and
central PCU 150 control. The nultichannel -coordinated -

i nf J31 Hng %t@?r?%lﬁosm&ﬁ% tay - YPrepdgipetgoipacourately deliver an

:Jﬁﬁﬁﬂﬂ' ihic0Bs I%’Oﬁﬁé’ GRsAS o 19N ot f’anee @s‘ﬂgd Ourﬁ)éj 'L\/'gér GRele®146 is

di fferences that significantly ect Vo
PIQ%MJXI@@ o agcurgited i o el ﬂm\i\ﬁom the ]me by measuring the ‘amount of fluid

w8540 SEEH SPACHHSBR05 ot  Bc

- twb ribfusionpabi enilt irhani abusicopositiver &f hdgatiad Baliafice | @ﬁtﬂlar to the

ellveregeﬁco a. h m)fllter at step_ 172. A wei %ht cel l
REMeREa eeedat Y% pSiAc4 then éw‘én’ﬁf}ﬁ’c‘mo?lofi#% 4§nand 148 are
prdﬁlrzidiﬂéd b & @ndepdh@ 5DNGHS 611% iBHRHR Modfle 4dJR BARR re ason, the

tinme the patient's renoved ultrafiltrate 1S recelve

~ secgpd grodple 198 alspetapt he henofilter. 5 The amount of

removed ultrafiltrate in the infusion systemis
8% Phectl 13k 84 ' o
. and&?&? omthcg hgyrrgfltﬁct)er aree at? J% %t%?%%ﬁ%‘kofm ative
presgtiry sliffemetial sinbas €8 Rdh SYE‘(@@B meas theedclm’mdl misngofthe multichannel
It t
code B34 A0S CRIRYAS vl N ol PP b pbt 2250 contro.
Thel ncfuﬂtmhemd{ aboﬁeiaanﬁishﬁ dysEnns140nis aid dbBITBY E¢kroome conditions
SucE|traf||trates The nmet hod.170 ma be.re eated 182' :

i 1l aakfornd QyPHPEE ! TR i R figanfly afoct volume of

delifely ot &Fifdraal.r enoved fromt he patient. Wiile the -
particular infusion systems and methods as her ein

shown and disclosed in detail are fully capabl e of
perfoimng as indicated and providing the advantages
herein before stated, it is /6 be understood t hat
they are nerely illustrative of the presently
preferred enbodi ments of the invention, and that. no
limtations are intended to the details 15 of
construction or design herein shown other than as
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CLAIMS 1.An infusion system conprising: a first
delivery unit that delivers a first infusate to an
infusion circuit; a second delivery unit that '
debivghsad second infusate to the infusion cipeyigkioodessest
measur enent devi ce that- determ nes an anmount of

undelivered first infusate remaining to be infused;

and aFlbRts vflow phré Al ¢ mgthod 170 of nfgging popETadidaty BYG/A ptient. An

gﬁ'lf‘sicfﬂ ERbak B Us 3 S i& eﬁhcg f nﬁ);ﬁltglel gﬁ y17§n| % \%lght cell then
elivery o heé ‘Sécond I nfusate ron1 e secon

dE&MMﬁﬁWswpﬂﬁétheamﬂmﬁnﬁthSWIHMHﬁﬂaﬁlaThe&ﬂ@menﬂkmmd At the

vol upe the first e to be d I|ver

o e o b Rbr e e R uel oty w6, By hg pemofiter
TheahhRe ef fniPvee Witdilgdte inihb $Eh8o §fsthiis BeLRfdll AQRpATS after
tinme renalnlng in the predeterm ned infusion tine

B@plp B flow rates e hemofijterarg aliustadias stey éﬁﬁ)vgipﬁyadjusmlent is
%@écf on tRE nREGRNH 1088LAN Sl YinthSioh - an8Emb &L IRASHERIBN e infusion

device to determne an optinumfirst infusate
{ysibws iuoh af prodeteratined alseiedopresshe gifscratiek IJﬂGW@Hf the sinfosion and

et ok M BSE L R Shehl 1320t P i stusion

mmﬁn&aﬁﬁ<mﬁﬁﬁhﬁoﬂ@mmﬁmdﬁ@mﬂﬁ&mﬁman system and t he

~determ ned tine renaining in the predeternined

ol | VR hPEoba@E Setms nd PR fs hrEmaorh and discosed

iflabed elerelly 0lablauen dekfoshing B HSRhRd iahd Fﬁjv‘itﬁné tHRvdh &Hifes herein

wherein the control system automatica Iy recal cul at es

- el sigtedndinistipdve Padeastand Bt 215y 9% esrsly glipgrévefof the presently

- PRAERRT enlddBirhdntSor BE ilVRBHGE GRMa0R] THRINonY B ﬁteﬁ@edat% the details

to infuse a newy determ ned anount of undel’ vered

- of construdtioh ws designliartin sheweotherednrad descobed inghe kppsndaglctlaims.
predeterm ned infusion time period. 2. An infusion
systemas recited in claimi wherein the fIrSt ‘
infusate is a medication and
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the second infusate is a neutral carrying solution.
3. An infusion systemas recited in claiml wherein
the control system stops and restarts both of the
first and second delivery units simultaneously. 4.
CLAMISI nfusion systemas recited in claim21 further
conprising a progranmmng unit for providing an
L hepfaden HetspdbeRMPRSINENT usi on system and a user of
t heg ' Y i [ - em.-as. .
oo BB e 1%, RS (O RRGTLASIE,
c areroskdlivegyumintet gelivpts aGecond infubats foothe Syfssiomcasuit;
recited in clai.m rei.n the first.delivery.unit
coriptRlisotaf R St BSGE Aonl o S G e
remain@ th & ihfisel; ahdn 1 wherein the first delivery unit

conprises a receptacle containing the first infusate,
afifForie! wslEuehent devi ce conprises a weight cel |

f Qbn@SIE L ArPbPhet M6 iWRISEB oA the HRstldehivdry ufft Y8@B&ivery of the
containing receptacle. 8. An infusion system as
second ggfugadel fiom e ateand dgheergivupitt he control systemis

SRS AR AL MR o, SRR 0 o
of a pralietontlmdainsypdrivgiefor Aifickidref the predetominyd fiesn iffasdth eolume;

conprises a syringe sjze detection system.for .

o drenit = s eBrHing 5 Hn e riemecd v time periodi,

| Rb e afs ST FirbtRRIiv @Y uhR, Bk 8dddh® JWRRE-E1Mit,1he the

syringe punp includes a syringe that includes a
measppagaicviegdo determing 80 reBHm fgstintusate dnfypios dlowarate based on the

B Ry 805, 8 BB 12y o M) 0 i
amoustystuadelasredBist adudate emaining/invhe indisiont dysteanandnthe détermined

~ . first infusate remaining.in.the i.nfusion systemis a

time rgganiiRe D PredeteTRPRL e PRHEREHG A he 1 nf usi on
SYSHAIR ARdirkSletiabsUindt 6 defivepihd At Waisgldtat efe deb@mbdedptimum -
i nfusat e containing receptacle |ess a tare wei ght of

first infheals Blepentew rate,

wherein the control system automatically recalculates the optimum flow rate after any

- interruptions of either the first or the second delivery units so as to infuse a newly

_ de_.termined amount of undelivered first infusate within the remainder of the allotted

predetermined infusion time period.

2. An infusien system as recited in claim 1 wherein the first infusate is a medication and

the second infusate is a neutral carrying solution.

3. An infusion system as recited in claim 1 wherein the control system stops and restarts

_both of the first and second delivery units simultaneously.

4. An infusion system as recited in claim 1 further comprising a programming unit for

providing an interface between the infusion system and a user of the infusion system.
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12. An infusion systemas recited in claim210 wherein
the anount of first infusate remaining in the system
is a volume of first infusate remaining in the
i nfusion systemand is calculated fromthe position
5. of AhligfuplodRgREM aBebcitell O ahiny @ HBRiR thel 8t SNFERGARIt comprises a
.13, An infusion systemas recited in claim1l wherein
SYTINgREUENSt i mum i nfusion flow rate is calculated fromthe
wei ght of the first infusate remaining in the
i nfusi on system and the first infusate's specific :
6. grAvinfysionnybtennes tdcited ireetainnil ghetain thedirgr dtietgrinit@dmprises an
inﬁmhgfqﬁﬁon time period. 14. An infusion system as
Feditdd in claim 13 wherein the infusion system
further conprises a receptacle detection system for
detectjng the type and tare wei ght of the receptacle.
AT S N %f%ﬁ%ﬁ%ﬁn @R PerEry hediasiglctiyery unit comprises a
recepBRICEIHAHIRY (R QL RluuR! H{'ithh@fméa!sﬁj:%{nehmem.tc%glpf‘isésoa Qf@igh’c cell
i nfused; neans for ascertaining a period-over
for asgpitaipingiee weight ofbe Gins infxsdte centainimpusapéacis to be
i nfused; neans for detecting a remaining anount of
first infusate to be infused; neans for cal cul ating
8. tiAwinfesiai syisieth dsreaitql @dedier ryvhedid hé usnted] spaEh @8llocated within
means for delivering a second infusate into an
the POZEATERNISE Y8t cui t; neans for infusing the first
infusate-into the infusion circuit; and means for:
deterni ning an infusion rate based on the renaining
. anguiRfusym ystestasitagitpsidpelaio Hehensintbesyrangs puhw inclndes a syringe,
i ni ' ' . . ticall .
and tfe SR (e RO #0ine sige MO s o gegsine e

total voturde bf thesyrimde. ei t her the first infusate or the
second infusate so as to conplete the infusion within

t he ascertained infusion tine period.
10.  Aninfusion system as recited in claim 5 wherein the syringe pump includes a syringe

that includes a plunger and the measurement device comprises a position sensor for sensing a

position of the plunger of the syringe in the syringe pump.

11.  Aninfusion system as recited in claim 7 wherein the amount of first infusate
remaining in the infusion system is a weight of first infusate remaining in the infusion system
and is calculated from the weight of the first infusate containing receptacle less a tare weight

of the receptacle.

12. Aninfusion system as recited in claim 10 wherein the amount of first infusate -
remaining in the system is a volume of first infusate remaining in the infusion system and is -

calculated from the position of the plunger and a total volume of the syringe.
13.  Aninfusion system as recited in claim 11 wherein the optimum infusion flow rate is

calculated from the weight of the first infusate remaining in the infusion system, and the first

infusate's specific gravity, and the time remaining in the predetermined infusion time period.
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14.  Aninfusion system as recited in claim 13 wherein the infusion system further

comprises a receptacle detection system for detecting the type and tare weight of the

receptacle.

15.  Aninfusion system, comprising:

means for determining a total volmhe of first infusate 1s to be infused;

means for ascertaining a period over which the total volume of first infusate is to be.
infused,; _
- means for detecting a remaining amount of first infusate to be infused;

means for cal'CuIaﬁng time remaining in a predetermined infusion period;

means for delivering a second infusate into an infusion circuit;

means for infusing the first infusate into the infusion circuit; and

‘means for: | _

determining an infusion rate based on the remaining amount of first infusate to be
infused and the time remaining in the period, and

automatically recalcuiatiﬁg the infusion rate after an interruption in delivery of either

the first infusate or the second infusate so as to complete the infusion within the ascertained

infusion time period.
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