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WD 2006/ 034178PC17082005/ 033451 MULTI CHANNEL
COORDI NATED | NFUSI ON SYSTEM FI ELD OF THE | NVENTI ON
Thi s invention is generally related to nonitoring the

unt of nedical fluid delivered by a punp -
WB&?P'{Gf“éfi'V%rl y, to accurately monitoring the gﬁﬁﬁﬁ%&g@&ﬂ

5 nedical fluid remaining and calculating a flowrate
for conplefr§rEANNCIYCODRDINAGURS BVFUIION SYSEENer i od.

BACKGROUND OF THE | NVENTI ON It is known for
i nfusion systens th al i nfusion
punpi ng nmodul es teﬂ%ﬁl\?!%c ISR ].N)e/ managed

i nfusi on punp systemin which punp and nonitoring 10
nodul es are selectively attached to a central
erent .uni.t NBRAGENE Me HAblnt CEEALS fluid
t hefl‘ﬁlﬁ ! ‘rfer%lfm §%tgﬁn£91r?g?%%%grt%mn ngﬁﬁg' tehe attached
deliveshdl Bﬁs a punttp,r fclemeees partichlalils pbagesurhielyo MEAKGEIE fheofwount of

the Fach npdul e apabl e e f
é‘m Sm%aé‘é‘?m%f uﬁﬁ? @ v?oralen g%ctﬁr a@%%s d(%é )
Preha@mﬁ&yﬁm@@emtem that can be plus or mnus 5% or

nore 15 over |ong perlods ~and other factors such as
i ntravenous (T ) ptions in
flow, a desireédferum d LA be i nfused
wWithin a desired period and the i nfusion may be ahead
or behind schedul e by, in some cases, an hour or two.
Ilh e#cl gﬁaclav%ll A fﬁs’lc?ﬁ grﬂ%{? ofkid lrﬂlﬁtﬁﬁéj dfﬁhl&ﬂ'}ﬁlmpmg modules to

prac Icé o iclne, psychiat r%
indhsiechaleagylly massgetlhmfusioen painb ysybtey o sdi rP"@@I@: rag s@onitoring

the flow rat rder to f
o P B B s TIPSR, ! B A6 mamazomen
unft B6QREIVDE iRASall sBrup e pwgf@mﬁiﬁg Ioéﬂablaﬂachedimodds:u latd feeives and
i nconveni ence and del a for atl

disgliy AR AN s i a5 TR 4 GEHGE o gt detached from the

_ceﬁmﬁgﬁg%é%ﬁtlgﬁgl cacy -of the msdl cation. Drug toxicity

econe a problemwhere the infusion rate is
|ncreased toward the end of the i.nfusion to assu

on- Do CRRpIRSScH o BOROTLPIREA LT £ 1A KPS U Sfhpor more
ov%tell%hfi; maﬁ&s ﬂ‘éﬁ ARQVEBCtPIs %BJ:I?EQ in&a@eﬁomhbié‘lﬁrefﬁﬂ betdrfptions

ne t exact vol unme of bag. This is not a
in ok, # deaitédsaliono pg aalpgg oag ot bq: ﬁéflﬂﬁﬁti Fréthimg degisd Regod and the

aref ul |
’i‘é“f”éﬁ?a o¥ Vﬁ%a% % su%cg Irg‘gl%:em% Iwaom t g Jta%?'a%mlwrgﬁ s The
clitlRnbag. aDbddr quaddiediin decdivey poictivh of suedi@nangpychiatry, 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 negative 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 the bag
subtracted from the total weight of the bag. Differences in accuracy of the scale and
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correction for the specific gravity (density) of the
solution (which is usually not known) result in
addi tional inaccuracies. Typically, a clinician sets
an infusion flow rate based upon the derived vol une
of the solution. This nethod does not allow for
accurate correction of flowrate due to interruptions
corfeRtibh Qo thagpedifie gravitugdeamsity)sof thetsohttiod (ahdtht isusudlymagt known)
not del.iver the infusjon di cati.an to th?@gftieﬁt te based
resgy & agqitioppd dpacsyracicne [PRFRlEY 2 RIEHR STUS AP BIYSHR bYW base
upa nfﬂ'}ési:l&ﬂzehh%luﬁgso QRN SSHRMECTEE hOhbMt RSt URk | AW for accurate
the clinician is often left wth a sizable vol une of
corfegtibil uffloweadieadtd torinteenpiionisrig flaw ohes thy iagonrs Mitigteryand thus
that nust be flushed.or. di sgarded. |f the,resj .
may L AN P g RUBIPABE CHEE S P CHy B QoS (8 pgtiod. At the
conﬁlﬂkﬁoﬁ&}% ihRtRRARS HAY bbdiesub]ecit @b afterripiiess, TRelelbiicign is often left
the nmedication's effect. 10Therefore, there has been
with desitable edurae o mesidnal mgdisaieen teenayting ittied Vnkag erubing that must

,hf.usi on. syst that w |l accurat. FUATS :
v BT B Pl Sl YA S LI A may ot recev
the SMMYARYntehaels thbVENEI NNl redosiag drnoelivitioh's affbétr st

aspect. of the present invention, there is provided an

15 infusion system conprising: a first delivery unit .

t hafhetetbiey dhere ahdsi bern idefitiet @ eantinningnnagdi gnprovide a  medical

in i AT av e s el R A oAyt et fiERimined periods of

tim@easurenment device that determ nes an anmount of
undel ivered first infusate remaining to be infused,
and a control systemthat: controls delivery of the
first infusate fronSUMMARYSQFd&IH INYENIHON and
delivery of the second infusate fromthe second
delivery unit; enables 20 input of a predeterm ned.
vol maecafdahbe wiilr stfiknispeat ef the jrescdelinweatied thed is provided an

. input of a predeterpmined.tine .period.for infusion of . . .
infyspn fyFele COPRTHEY 3 E}S& ﬁ%‘fﬂ’wﬁfﬁlﬂt@%ﬁ@; a fé‘é{ ‘é’?&‘_ﬁaﬂeetg ag infusion
cirduit'® deeHR ALY hnfth@aPa&BREeh Reaind infifsiRi ONtht iifikision circuit; a
period; communicates with the first delivery  upit, ..
megseersant davicd dhat veteymings n ageynt peundsHErFe Seshinisys ggmaming to
ey R fobhesds Bk S in@isald B9 the first
be |, GLH D SR ChARis PRIIZLF e LRgl) B
deliwetyungit ahddelversl etffeheriserodd iinfusate drom itreesqserd deliverhamit; enables

. determ ned ampunt of un i vered first inf .
PR AR PHOCFAPHG YOS b6 SHGHARE (o bF GETIZbE ng nput of o
prebiéiBEnih&M BRI Heribd fohanfusRdedening pedeienhined ofirst i dmfusate volume;
period; and caontrals the first delivery unit to ) th
defefaningse timp eemainige 1 Hreugedterainghiaigiond g AP do G iHcates Wit
the frkSdeliv By Shd HcHRE QBliFe-P Wnft ARl th¥RRLESIrBmERelevice to determine
cont rol ystém automatically recal cul ates the optinum,
an optmumafiest dhfusateainfusion Bpwuista bessd o Bt prefletgpniped first infusate
first or the secon [ 404 . ' vered
ol bR TRR T A YO, B0efpb spRAA St Sncvr
first iffuSudd eermditihiz rintthe infesian apkeem ahd tthe detbinoined time remaining in the
predetermned i.nfusion ti eriod. .ln . .
predeterpigsd FEUSIPR HIE RETIO nancgg?{g@ﬁs’ %Fﬁiér?tedefhgelgr%]\l/ﬁ taec}.:?hg%r the first
infhs@feUst (B dSHEhBRI GRIMRML FirfGnfudmansfubion et elel wherginahe control
total volunme of first jnfusate i s to be infused;

systeesn Astomatienllyaresalonlatesithey OBLIGEM LR &4e AltRh ARy, iftgguptions of cither
the! sPlor YR lﬂgﬁ%tnﬁf Je'liﬁférg IRfUSALE th SnitSe Bendwll URGSmined amount of
nmeans for detecting remal ni ng amount of first
infusate to be infused; neans for calculating tine
remaining in a predetermned infusion period; neans
for delivering a second infugate into an infusion
circuit; nmeans for infusing the first infusate into
the infusion circuit; and neans for: determ ning an
i nfusion rate based on the renmai ning 10 anount of
first infusate to be infused and the tine remaining
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15 directed to an infusion systemthat delivers a
first infusate, preferably a nedication, to an IV
line, and a second infusate, preferably a neutra
carrying solution, to the patient's IV li.ne. The

i nfusi on system al so includes a neasurenent device
that determ nes an anount of undelivered first

i nfusate remuining.in the syste Furthermore, .the. . . .
unc}ehffng? digst A1 ﬂ:@é‘gmg%glh?%ta a.ﬁgé?dg%g?ﬂ%rgmnef infusion time
perfntrol s delivery of the first infusate, and that

enabl es input 20 of a predeterm ned volune of the

firke apesrdange ewith pescaend \epesd, ther if gy ided @ dplggion system,

co@‘ngsbﬁ:é r%%a%% :ﬁg‘ d@e@rﬁﬁhihgfﬁl{&ap{%l etotf? @irdtiihfkatt I St ffused; means

occur . e control system al so _ _
forcotauiniicg hasriott dvef iwlith ghedtotd cotunal ef fives ripfugale jig ég be infused;

d.th t .devi qyp! t:] .
e e TRAE Rl L A 3 RPLAAAE man fx

cal N AARL 8mB1 ReMidihg $i J pledaaingnydlinfosion tdetiod; means for delivering a
predet erm ned infusion. tipme erig?,.%?d tﬂf . te into th
scceled @nfitpate dntanat MIVSPN S8rCulin SRS, [elpiies {04 fifs Jajugete iwto the
infﬁds‘?(?m'cﬁhﬁg, ahd hBfisSihe! QBerm@RtheC ANtiARLSNt AR bhde8lon the remaining
eltvery device to deliver the first infusate at_an
amoyptti ofifirstnfnfgsatm 6| bwyinfusesl and the Dinge | GEBEIME Bj Hej geriod, and
an _J.nf.usi on stem G I (.Sl £ [T ALL: [ :
o BRSSO TR D 0| Rt e
firdhiraddtd bethe @ochdiffusast sonmawuroamdett tkeinifiggort within the ascertained
. determ nes the anount of infusion ultrafiltrate in
infyspn §URF G&l%h system  The i nfusion system 30 al so
i ncludes a second delivery device that receives a . L
pat Beiafly snd émgeedtaluletmsfagt exampld pohedimenhelideigressat vention 1s

..and a second mneasur 1t,. devi t.h e ] S
it PP S Y APV-T) ACEH RS I P o Hedieaton, 0 an
TV 38! & a keohbahfRAS, pleh@atinfausdutial sarsliegsolotondesha patient's IV

_control system comunicating with the first and,
ling dtho imfusieh systery alfovineldesrgcashisnient devicaihatstssmines an amount of

asure t. uni.ts . B i, tyi Wel.a .
B
incﬁllrrleslﬂ?_ﬁrlltﬁfl s&ﬁé@Sﬂh@tLbdmthafe@lilvényatfeheaﬁﬂt irfnmeg dnd that enables input

ultrafiltrate int i nfusj.on system. and a,. . .
of ppredeicariv st Ba fSHds e tfé B CEbsin an fanu L time period
Mthﬂles{vmpqﬁfugﬁnmpé ?ﬂ&vlﬁﬁlg&lat\{oﬁfthé L AIE SecudNPhd gfntrol system also

controlling the Tirst and second delivery units )
coramOnicaienghith fidktsaid sexdniedediveryi devacasetridotheomepsufaném glevice to

ca first infusate into a patient. The clipician 1 r_.
detprRing 8 (i EFEFt *&@{_S@‘Fn‘?ﬁ&% VB AR P gfedeBimined firs
infidafeSbolhRE VAR Seldldinih&d tfulin &iﬁf&?@ﬁ)dl, Rh® theh@etermined amount of

patient. The clinician then ascertains the period of )
undelinercd fest infrisath remainggdioghe exstenhandioeatrelsithy fispHeliwery device to

of first .ipfusate is.to he.infused, such as
del{%ﬂ?ﬁ”f‘tdﬁﬁlS#Sﬁ% &n opimuwRHUSio né@&%}e. of a syringe

punp or the weight cell of a large volunme punp

det 9?40%)5&{‘ ekl NN GhidhaHRYstéth Ednipitsinghb USat @elirPalevice that

i nfused. A control system constantly cal cul ates the )
deltvierse am énfasion ngtrianfiltrsiet wea greaudilier. ninded fyelr ngesureppat dovice that

| ar.ge vol.ume pu LVP).. del.ivers,the s i S .
s 5 VR BB o ISR ESon syt
als® Wl M€ a RUFRJ @kliderk: VP and wei ght cel | conbinati on '

I nfuses the first infusate into the IV line. The

control system preferably constantly and
automatically adjusts the infusion flow rate based on
t he remai ning anount of first infusate to be infused
and the time remaining in th2apredeternined tine
period. 20 The detecting, calculating, delivering,

i nfusing, and adjusting steps are preferably repeated
until ‘the total volunme of first infusate is infused.
Di scl osed herein is a nmethod of infusing an
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The novel features of this invention, as well as the
invention itself, both as to its structure and its.
operation, will be best understood fromthe
acconpanyi ng drawi ngs, taken .in conjunction with the
acconpanyi ng descri ption. BRI EF DESCRI PTI ON OF THE
DRAWNGS 5FIG 1 is a schematic view of a

devindl thhchapined aqeeiedisnaheded niltsfiloate Sygb éhe hamofilter, and a second

accordance with aspects of the present jnyentign. e
- measany desiae chat JeARSS FADOMIPYE i TF’F’QV%PYE?E@?%%H dpe infusion

sys%bﬁ%@%h%o%&etﬂ& 3tuSiok fs%;é’[leﬁ {RaSdes2n dofrol ikt son@inliBating with

0’a comon IV admnistration |ine for )
the | firkuahd etontlodeivest idevitesbynd wiee ifindt uandosecpndrpBeagiggaient units to

the common cqntrol of a progr 1 N nit: 10 HG [ .
detgmgng, SPUBHTV TGN Bies T BORa PTG T ERBhADT O itermined
amc]ﬁnnftg_ﬁ infudiSn %@ﬁﬂwﬁ@%%ngﬁntélémmﬁm«@m tfe toifiBori BysBéin, and a

|

usi on sessi on; o 5. 4A to 4V are user
predeiererinal edesred eprsyre sdifferntiply hetiecepr dbg avfysin andy  removed

oL, MG 1 en pragr 1.Ng 1L ' ' . .
e R SRR e BT A e SRR Rl

is a flow chart- of a nethod of infusing a nedication

i nt g; 20 i Mg @ Mbtihfishe ibfysiien. The clinici

Ly PRl el i IGD IO E AR, T i

or thé sgstah hiself dateudinge fite tofal aokiet ¢fdfivain iefusaio Biag isnigr feginfused into

i nfusion system.in accordance w.th as 4 het.c
the RS 4 SRABHET I eporg Caerogiol FRRRGE Fpf L Yesired that the
totd WIS et fisatdlis esb@infiided] fheRAS tlert@f@e hoatsueposition sensor
I nfusion punp having a weight cell; the quiﬂ% bei ng
of psyringd pimpor gheewpigbtrelhef]s lagerohimapyap gefesthfhy rgmaming amount
ati ent 0.under e f i R&nainine i
o g} AR R s RTTR P AL oty B QS5 i
the Pr&R ARG Perib T lagearviimng pumnp (LUP) BtlGersthewhamd infusate into
programm ng the infusion fromthe two differqﬂ; ioht cell
thesmjye@ﬁfg iefysen e pyhde elgther a syrlpngpung or p d¢ enaﬁlfii weight ce
contbifigti %f i "'1’Eu.sf Wrib, %stem&q{enﬁﬁé _tﬁé 19 A teh @&,ﬁﬁil system preferably
COOT Hinated i n usion systemin accordance W th o
cor@Bptg had adtotmaticilyesipnts thaiefsionrlove atmbasgd pa i/ igmazveg amount
5 replacenent of ultrafiltrates.through | arge volun .
, . i R RS Do S period
Thd Het@ctR%}nbeﬁmiaﬁHgi QE1i+cd o CRMTEMY, GRN hajaktindf stéps are preferably repeated
programm ng unit; and WO
unt? ARG 1003 40 BRCT/flySA0 05410 33unSused. FIG 9 is a flow
chart of a method of renoving and replacing

ultrafiltrates in accordance with the.jnfusion s -
of Prsglosgd herein 1s a method o%qni'eusmg an ulgaﬁf‘traie into a pa 1gr¥t%rc§]mpnsmg

the steps of delivering an infusion ultrafiltrate to a hemofilter, measuring the amount of

infusion ultrafiltrate in the infusion system, receiving a patient's removed ultrafiltrate from

the hemofilter, measuring the amount of removed ultrafiltrate in the infusion system, and

adjusting flow rates of the delivering and the receiving steps based upon the measured

amounts of infusion and removed ultrafiltrate in the infusion system and a predetermined

desired pressure differential between the infusion and removed ulirafiltrates.
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring

now to the drawings with nore particularity, in which

like reference 5 nunerals refer to |ike or

correspondi ng el ements anong the several views, the
WRLRGB3HERNel coor di nat ed i nfusion syst em ac ®GAHISAYS 51

the invention infuses a predetefinined vol une of

atio L& n sdEbb@hs to its

R e R

strikaibe mdrltsOﬁberatlon will bEHEStptﬂe-’QESmOdI frare rthe eecompanyipg drawings,

expl ai ned £hy a patient 10
akt?ﬂ&b?oﬁﬂ’é‘gmﬁy%’ﬁ@%ta o %%g%@%l g‘n or other

medi cation infusion. It should be under st ood t hat

such an exampREEF PHESGRIPTIGN OFFHBRAWHHa®s onl y.

Typically, a chenotherapy medication is |nfused over

mul tiple sessions |asting many days. Due to
i naccuraci es in sonme_ infusion systens

i nt EiG.ubtis ensshematicn sicdepf ¢epyltighanag coRrdisatesh infpgign system in

acéo@%a%# Q{l g e?t (ﬁ’afﬂey Rbent 3bRntdn @H&Wm@%écﬁcﬂy b from two
e I"NT UsSI on session. The pr esent invention

diffdein apsess bihflmdp actbd:e@tmbn@lmd bag} tandts SBingpshbRIPSPHIged into a

ol QAR R sy G PP R SRy e i

coinﬁmﬁ@ﬂﬂid]%fh@@gﬂniﬂainguh'ﬁ;r ge voI une i nfusion punp
LVP) s used vvhere the fluid transferring device

troll edb el liqgen €.
Syr P Banpeceey st b porerbin g et
hoI ds a fluid that is expelled by 20 an advancing .
pl uFgRIr3 is Thph phawige flowsate yuabd ymatharicidion sesionhe
cylinder by a drive nechanismthat includes a notor

' h . .
o oV 4 fo A i BB iekeR o i Grost ARl o of
FIGCE OhéetafhioSraintiig the infapiet fronfthd mn differsetrspuicay ghetvindn FIG. 1;
means is provi ded for accurately infusing a ,
Bgf%g(té]e %Qe ?Wt %ﬁneog(r)agaj:e ul d OV smg 91%5 I{T‘hﬁgq %atient in

ac@or&dnh@w&hﬂibﬁﬁsimwysﬂéxﬁgfamsa1s<peC| fid voI ums to be
i nfused over a speci fic period and the system

automatical | ,usts t ow rate 't in..certai :
par dHét @52 s 8‘?@ b o @W@ﬁﬁﬁt‘i’%‘“‘t}%v&é ‘t['htl%%{ntﬂa Sordinated

infuSibh $96lerdNd doB&rdRENvIIh RgpeRET dfotle frdéseht friventton sHEh\ﬂng medical
system al so accommodat es for_ any chan ﬁ in.starti

fluadsdloentasiip ityg difererr sowres: of v and; ajagge v igfsian Ry having a
0 SHGhoA TVanO e |iHfisRA 18 a patient
w%%]rlf ?‘%%ﬁ“%%ééﬁ%ﬁﬁlﬁgér@ng?af or gome 30 ot ﬁer Sr eason P
undérethecdnirgon evintrsl affe pregrimnting Wt nonent ari |y st opped.
WO 2006/ 034178PCTf US2005/ 033451 Typi cal |y,

medigcat ' Bt t of
o LTS I UL S0 BSOS lRcp e g wit

FIpa6, viteh prodsasmirigthe sfuptoneireh the two different seureas shewy n FIG. 6;
smal | vol unes of f|UId as conpared to IV drip bags,

co nﬁﬁ%/ $ igt S%h(?rg Qatic a qu %ﬁlﬁ%ﬁl %31@‘3 1y eg@%ﬂuérjllﬁﬂléicﬂannel coordinated

inf@ich Bl ai dcebrdaddrewit esaects obthe rpmﬁttumnadm ahewing removal and

concentra di cati in a SY[ e ta be di

replacerrely n‘i:’ﬁt ‘ggg@t‘@%l k}*’}h t urgear FyEhg sg{nﬂ{) %ﬁght cell
coddbiitiass, RRiAMbios 3 hRRti&®dlidrGhe sotppbi eshtiol af a prargeming unit;
vol ume punp (LVP). FIG 1is aviewof a

aogul ti channel coordi nated infusion system 10 accordi ng
to-one enbodi rent of the invention. The nultichannel
coordi nated infusion system 10, 10 i ncorporates a
progranmmabl e patient care systAEm simlar to that
disclosed in U S. Patent No. 5,713,856 to Eggers,

i ssued February 3, 1998, which is incorporated herein

by reference. The progranmmbl e patient care system
includes a patient care unit (PCU) 12 in conbination
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15 a physical attachnment of the systemto structures
such as IV nounting poles and bed rails; it provides
power to the system it provides an interface between
t he system and external devices, and, except for

- WOepaeaB4178 nf or mati on; and it provides a nmj oPfTAYSHPS0ISI

the user interface with the system FIG 2 is an
enl eg ;yi f B %Pg&ﬂo‘}l End inbN@reiitates in
12 ?ﬁ%lgd%g §%£P§¥gﬁ#g%ﬁ%n |spf§§ 18E?%§F&hay be
acandanty with die idfiusiph aystesmohPFlas 8a | i quid crystal di spl ay.
~The display 18 may be used during setup and operation

B oo Tl RiPAfON dirTAE EEAReratiENAg. The

di spl ay al SO pe used to drspray vari ous

operating paraneters as described in relation to

FIGS. 4 and 7. The PCU 12 may furthernore contain a

Pl URRfdrtiYe Rbw Tkt kewsncR0wa ehos® birkeylanty, dr Fhith Ifl@rreference

entering data and commands. Hard keys 20 may 25 . h
nungeludelenurelkec AT pRIFSPRIAE Slemeplsy PPARS RS kigyerabgiews, the

S oSRaRAgg AN dEE Ve htemd ER #68)he? GinyéhifoANGES:
mw.ﬁ%@h%g%e? 8%%@%%% k%%/te%o %c%%r%? !cf:)ommnn.?(reys ) =
prezieieshined vhluas FPaMERating oS ENEEifig pweiletesmingd fimpapasiognsuch as

~audi b I T ' 22 I
N e R I

remai nder of the hard keys, as well as the softkeys )
Si - $hé prevent ineentise dvillove exylEnédhy operdtaxemple whereby a patient

ommands., 1 n 30 this. enbodimept there.. .Qvi ded 1 e
mfgerse by eaemeY SESFoRe ] oer oo B B shoutd be
unfiér¥8od At s XS exbBnpRlld ferilitditvé glhposed olhe di splay 18,

and four softkeys S11-S14 under the display 18. WO

2006/ 034178PCT/ US2005/ 033451 Again referri t o, Fl .
i T T R G R S ST
mzin? dabe PelolidacchiBict UNSdrhomalsioanydtemd ér iattdupfiorsrie the delivery
preferably renovably attached to the PCU 1£h an% ?’?ﬁ/ s
of lg tifsien, dheimfsiPninhbotaorldiR BY AR ROt Py refnd of e miusion
Crihed. e RLssNGis Hroblcin 888 illdskrafive drfbddements are
Se%ﬁj ér??eogrg&@hgﬁtvé%tﬁ%ﬁ%ugﬁst V\osfpanct_i onal wunits 14 and
pradaat eeleholmonerensbogin@nt,1an apcwpieffidinsfagingedevige, for example a

f.ynctional .unit ' ' .nati
RS GEPonf o R B FABSPRERIG 1. Rl
flupd eherabhy daiteiinfonsiotied pyapintiligeteohirdenodvl: e
specifically, the first functional unit 16 is

preferably a | ar. vol ul a I LW - Wi
B iSSP SRSl Rl o TG Bk BHR it alistrbtled by
an"Rfvancild SlupkéTBTHe phfilged & odualiadfaneelt infaithet ¢xdmeér by a drive
unit 16 in this enbodi ment is to . deliver a ditl utéﬁ)n head to
mebpiem Jhar3peliges ¢ MATCR YopRaied 3UFOpgIsR EpAPrigReS g 2 dever hea
pr&ihid E%latWe Snbthht Yol @0 rde Hdie | Baceftaaie with@aaRpad ofdhe present
in this instance, the LW16. The dilution soluti ?n i
inveagiomea aegnsnie prevdedstsr eeuspicly iBHISIAE 2aPTRdsiGrRIned a0l ee of fluid

| ut i nd j ' con it i ician
R0 SR ol RAGR s SRUABARY L b s . cos

misupaigramal spedifit Voluhs tprhefisfuat] pver 4 epecifisl paviod: indede system
auitorglal%i%ziﬂ?yn agjllilsgp the flow rate, within certain parameters, based on the remaining
volume to be infused and the remaining petiod for infusion. The system also
accommodates for any changes in starting and stopping of the system due to circumstances
that might occur during infusion such as an occlusion or air in the infusion line or for some

other reason where the infusion needs to be momentarily stopped.
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15 such as a syringe punp. The primary task of the
second functional unit 14 in this enbodinent is to
deliver a concentrated nedication into the IV Iine 34
via a nedi cation infusion channel (Channel B), in
WOHI0B/[3hI58 ance, a syringe punp 14. The medi c ®ATATS200E/33451
be any type of drug influid form for exanple a

chenot.her apeyti ¢ agent. The syringe pu 4 |
o c Py PrettpEronTiisa pOTied BB RReyFe foge &g gmust be
dild8d gebeet ifRRionYislemt PawWnng A3 syBAGRIceRall} delaiaSelatively small

| inear actuator, to neasure the syringe dianmeter that
volpmey | rflvih eas ewRIEetond &P SR IALY SHRLSSPETH Mg digpiions are

probvl8d th KncehfiGied YRE Ald S¥k H?:gcﬁhﬁ&ﬁ&uﬂn? RELiBRreRd . THOpresent
exanpl e a syringe having twenty rum di anmeter nmay have
inventioinfallpwerkconcehtrated mydiestionsing $BiRey b beodilugrdey a continuous basis
ri.nge it h ' ; '
by B Simind Jolbfi, S2fRe S0 Ko SfuioASERIEN 1 | Beftotume
pusy (Ve size as will 25 be discussed in relation to
FIG 4J. The syringe punp 14 may furthernore include

L B T T T e

" embddidey 6f NB€ heantibh.avahedmahidhiraal ruoddidfasedt hefusidthesystem 10

. plunger 42 nust travel to reach the end of its_ .
incegPTlFer Prggﬁasw@b{weﬁ %@Ft%@%w &’ﬁk‘é‘ﬁ‘ﬂ?s&aé’? k- Fatent
NoWist713 1856 5 ViidoREe iKu&P FeBRal) 8, 809%] OAESE Y imBrpbidtdt Rerein by
the nul ti channel coordinated infusion system 10 (see .
refeggcpa (Thp prageammatiq Batpghyare gystepgyncludes a patient care unit (PCU) 12 in

' corél%ﬁaq{og?’\ﬁj#j? %g%l&%%ﬁé&%ﬁﬁéﬁtsaﬁpﬂdaﬁ@l YhA PR T RcolRfates a

ume o ication remaining in the syringe. Such a

contiel systennatdi genere By pdyéorma fer dwetipmaio dly patient cagsalysteinpi provides

| f.desired.. I.n_use, the control,Syst e _—
o phsiseh S ot o SRl Biserpetiref ARL{R oy T Boich A hod il
it ptéideRdwehe> (e agstdre e piovitiey g éntdifhck bethetr i systemnand external

optimumfirst infusate infusion 5 flow rate based on
devieteORy R O MO RIVLPRGFS § SEIGFK it tsor terface
with @¥BlyRRg i n the system a predeterm ned vol une of

fluid to be infused, and a predeterm ned infusion

time period. The_control temof th CU 12 ,
co [2ds iy é"lﬂg&@v"wﬁ’t the) ?éﬁh]ez fhonads %Hgl 1. u’#i‘et é&igz includes
an ﬁ%ﬁoﬁﬁﬁ@?ﬁ%@ %LSaY makbSan$ type ok dBHAR Rudasf licIdi@Wygtgl &splay.

46 versus 48 in”a typi'cal infusSion session.
Theoiapiap L8 maydetugpd daringsesotand ppemstiomprgsesiuges to facilitate data entry

hatr ma ogli ' : [ i
ancEORAE RCHARY 1Y el o e (PUAPIRY vERRS oBErmBE) il us
desuiiteid! in tdiationed F6@ES.i omd s ThedW8d 12y fufheshom cheiginre. plurality of

- icall annel the dilution ghannel [
nard YR 200 TRt -5 L i Sesiine e P SR, 'ty gt g0 may
inclullé SukiRribNthadd RERYS eRUhBidaBon Kays 24 Midchads fip aid @bwn keys), an
dilution is referred to as a_nmintenance i nfusion

EINAER oy 2P eh CANGGe kot 2480 SRDPIRPDS WY dlh Pt Cagpmon kejs exist

such as POWER and SILENCE used to terminate an audible alarm. The numerical hard

b 5
=D

O

keys 22 may partly be used for entering numerical data, while the remainder of the hard
keys, as well as the softkeys S1-S14, may be used for entering operational commands. In
this embodiment there are provided five softkeys S1-S5 on ‘the eft of the display 18, five
soft keys 86-S10 on the right of the display 18, and four softkeys S11-S14 under the

display 18. .
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15 on Channel A is set to begin infusing

simul taneously with the start of a nedication

i nfusion 54 on Channel B. If the infusion of either

Channel A or Channel B is interrupted 56 or 58 for
WEH06[84IBN, both Channels A and B will st opPCI/US2005033451

si mul taneously. Wen the channel that initially

R T pAEA SR 8 o o

Pcauiw STise ﬁ,thﬁldhﬂt mutsﬂzuah@ 1m|pw@nahim tmé@blyoragied e
B) 20 so as to Se ro Si.l
an% TaYebe l]_tﬁ?rﬁ]éqﬂlgi;ﬁlls tfna?tp rrgj Hl%?s Ele ?lﬁlge%. In gdS atent No.

UITEWIt e remnmal nder

5.5 338, Bl Rid-eddateeeter mhnegh tnzerfum:donaﬂ)unﬁs thenddésire ggwa in

Fl¢gre g,: ;g::ﬂl’egq%t I;lg;'xhéro rflug%%%%lé}%tg narllalg u]?l%cgp?lgc}gg t]%tﬁsﬂl% Raﬁent care

1gilution channel (Channel A) may however continue

Vsy%o i nfuse a mai nt enance i nfusi on 66. FI GS. 4A

to 4V are interface screens used in.connection wi

an Ghbdustninetiossl pmit dAds PRRFEARY o1 MiRSIRGPERISST tEAliky, More
spech?qaﬁﬂ o%aﬁﬁgﬂ fufio elﬁﬁﬁlrzll(i' fat ﬁéife%@ @ngkg€ ot p@&ﬁéﬁhpump

w be descri IS mal n progranm n
('LVE'g vitcefioe raeol proxititely riﬁ@mto&ll@a pﬂ%%@ﬂ%ﬂé@upﬂmy task

of gfetf?fﬁﬁ'f%il Hglntﬁlﬂ @ik %%ﬁo&ﬁ&t LNGURERR a8l &R dIfion 32 into an

syst emils ormant or not
IVrhlﬁHWBﬂ GuseAS] &ntg e:nmﬁht vmlaedlhmoeggfunlgn ahewfel (QW]I?ISA), in this

-S14 of _FlI o a I
et Ve RSt 7o il B Yy SHOALS ARy ol
sait dolifiof] Bl P¥pREN L htainad w1ﬁﬁtﬂa reBeptaﬂfEsmch aé mplV bag 35

t he Channel A and ‘Channel B inf u5| on V\D
20061034178PCTI US2005/ 033451 s co ct ed e
sys tléfmsegqnd r%?‘%“’i‘}ﬁ]dﬂll%g‘? E‘G%ga% faied, SD?uStl& pump,
sufl{] g?qdé}tﬂn%é‘%;uﬂpet trgE Mﬂt@ﬁ i tﬁ@h&}tﬁid filﬁdftmﬁdchmt 14 in this

vol ume i'nfused" or. "al arm
enftwriznand sstooielizemmennyentirind Brdetige Bie @&@P Pk V{ar?emedlca“‘m

810%1 K (C%anﬁlﬁ E? Sﬂé gﬂs itngtgnce@ %rﬁﬂ?@ puipngl Tﬁé’medlcauon may be

érence nunera he screen of
ang:pype@msiru‘gzn difxid o, f¢Bexag1pB=: mf@mogy@@eumla@ﬂtm is a
first options interface screen 72. A nunber of

t )
op Ifsi’gr é’%ﬁ ng %‘[ﬂ}]& ! S,gfd%gﬁf};ﬁe&péﬁé‘kﬁq%&%ﬁ %o‘%uﬂie@yaegyxﬁigm size

t he sof t
defdcli6n sPtem dasiag ansknept 38 machsey @ élneazmcu@tog,h@vme@grep@p syringe

ons 74 nore r
s, A 1 on s RO Pt ol AR et e gy e e of
syﬁﬁ?@ﬁhﬁg bteﬁig us&f. tRd¢@yanTple Beyinge Mavi Manqhmm@hmcter may have a
| nT usi on e functions sgéhalnlnc

furt
i SR rogimeg.  (FHSTED P i er ety i 1B SSHEo & (L el ciameter, so
ac?&@ngﬁp onb & %H(.thﬁleﬁf‘ al dﬁhﬁia&ﬁ@? rofptddoio d&fiﬂm alrasyrigte size as will

i ons. |S|nterface relates to the setup of the
bendisonssed ameatibh owElE 4he sal i ne sol ution via Channel
A. The systemdefaults to entering the flowrate for

the pai EFRANGS LA %&lﬁeﬂ?@hﬁuﬁ@hﬁiﬂhﬁ%ﬁt HEEEe 40 such as an

accurate linear position sensor that ascertains how far a plunger 42 of a syringe has

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

within the multichannel coordinated infusion system 10 (see US Patent No. 5,713,856) to
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enter the desired flowrate in mlliliters per hour

(m/h) as shown in FIG 4E. For exanple, 15 a

mai ntenance flow rate of 10 nal/h is entered via the

numeri cal hard keys. By pressing the soft key next to
WOE[034178 0| ume- t 0- be- i nfused") the i nterf afeT&EPWP33451

76 of FIG 4F will be displayed. The clinician my

_acc?tﬁ&eﬁ% c%gb %qr%?o%lgﬁer@ﬂhﬂggﬁﬁdﬁolréﬁﬁ@%ﬁﬁé HBhBt SRAREE Such a

| e i nfused, such 1000 m as shown in FIG
detéfGindion cambt miady sontisxeustydn teal teRif dspireder of i | " may be
pressed to alter either of these settings. The
"ENTER' hard 20, 68 o AR R &rith ThdM@nct@hal units 14
may L:Dese’p %%%né%?%(%s coé#tlﬁ%%&t@ﬂe%\?ari abItel:::'s,@(tﬂ%wlg}f1 vve?e al units 1
and RN tMomedshternent tdeeice HO ¢o Hetcenise pr optimamdirsiinfusate infusion

confirmation. .The .clinician_.i ' P
Mo, P B A, detranigh Al O bRl SECRRLEE Aaiing in the
systdpBEfRe ddiaitted w dhinagrilid ps bsmbded, and arfrédetormiieGinfusdon time

IS a summary screen. He Al h .
syl U el v e 4 TR s oS b pctona
mﬁsol.;;ﬁglng%gé&%%gp Channel B, the soft key S2 | ocated

adj acent the "B" Channel screen indication is

B L eSS L g
CHERREAf isctavinﬁaltigh Qe ¥p tH IR 'K%k@ﬁﬁ&@[dwﬂ Ghert t@eutral) or carder

I'nvention as shown in FIG is that the clinjcian
solirtist suichlen isélinetsobitioy pea pringspencedlovomi gt feqnedicatipp fijoaded
ané) ?r%fﬁsdclérf bggeu[r)l.e nfiy@p%alllffp eﬂaﬁnlgleAf eCaiftioh rcﬁéﬁﬁx'el, f c&ﬁﬁuously un to

keep the IV line "open”, although this is not a prerequisite. This initial flow of dilution is

' referred to as a maintenance infusion 50. A different predetermined dilution flow rate 52

on Channel A is set to begin infusing simultancously with the start of a medication
infusion 54 on Channel B. If the infusion of either Channel A or Channel B is interrupted

" 56 or 58 for any reason, both Channels A and B will stop simultaneously. When the

channel that initially stopped is restarted, both channels restart pumping simultaneously 60
and 62. The PCU 12 automatically adjusts the rate of the mediéation infusion (Channel B)
so as to infuse the remainder of a desired predetermined medication volume within the
remair_lder of an allotted predetermined period. Once the desired medication has
completely been infused, the medication infusion channel automatically stops 64. The -

dilution channel (Channel A) may however continue to infuse a maintenance infusion 66.

FIGS. 4A to 4V are interface screens used in connection with an embodiment of
the invention. Using FIGS. 4A to 4V, an example of a user interface and control system

will now be described.

FIG. 4A is a main prggramming interface screen 70. This main programming
screen data 70 is displayed when the infusion system 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
to 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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30 and the dianmeter of the syringe barrel). The

syringe type may be automatically determ ned by the

punp, as discussed above, and are displayed as per

this exanple; i.e., an 1VAC 50 ml syringe. The soft
WO08s/087179r S8 may then be pressed to eit her PESRABRIOHP33451

or change the 9 WD 2006/ 034178PCT/ US2005/ 033451

ect ed ringe o fef [ ' an

oS EpGet 3 e sV, & oSSl 18 bRl B0 (e system
addifynas e tvoalddicf digpleyet foy eachgrodujepeThi [Yoliyae difgpsidaype dalarm

(not_shown). |f the syri type i.s.conf] \ :
loweRs} PRGATS REFETPHICETRAY i et irodr R SR RER: B fressing the
"Offidrdt fird 'Re%r GofefeapPhethril G0N FEE. 2 ke sopeti ofuwptons 72 of FIG. 4B is
~infusion flow rate, which nay.be,; ;gterﬁd ¥ia.the min
displapied: | G 4B &y b gRIions futerfase SHPah 74 oh WHRT P QPR Copgmng

. kool cREnt B Liln b €heV'THAGIE DOHWN&oft key
B oy e B e B P Ty b
S14 (s @)l 2 saond optioms s¢rest Hely shaverrs PeeiCefCa vol une to

be infused, or, by either pressing the hard up or

d . i e 57 ML i 0 4.
ag‘g’pﬁg&%ﬁ’gﬁ %Iﬂféﬁ#pﬁbc RevhiltGo ifilsiBh atdpresedtdd EMGRAC. By

clan rmay select to infuse the entire

pressing thetseft &y §heexsyo IMgkichannelafunignt the fastippspesigingiourther
f the 10 Syri i ' by "ALL" t ot
asterpigt o pResEiiifion Epfb 4EASEE Y o Vol hg may

alternatively be set as a default setting. Pressing
t he FE@ Appresdmsyanvibictfacee]tefot Multichape] Bifosiansi Apistinierace relates

uratio f this infysio S in E
to Mo Trgie peptirrendh ot R e Ylubich, Fa Gnatthls A, Tho systom
deﬁllu.'%tﬁ i&élﬁt%ﬁﬂg}’tgié Eldk date R Whe msintanﬁlweiim@_sian.g (Tadafigiomnneay then
vol ume of medi catiop, over redet er m ne
cni e gasieslongiaa SRIBGHS P 0PI GURbT BRI G- (g exumple
a rﬁ%ﬁt@ﬁ&ké‘ﬂo@ Aste SLIERIA G Sifterbd it SR dub@riedl thafdkeyel Byprasfing the
the syringe. To input the period over which t

sofkby nextvol VEBL' € velompéo-periniessd’) o ey ok I 4F will
t he,desi e vi i  6f mai

oo AR 298 448, LG LB Gl o B it

{luid PSR infysddnech 4s $0G0 mkasshote isFIA). HGt The seff keyseneXt to "Flush” or

i nfysi on may be entered.as i.0:Fl G n n

Pm?@? By Yo e%?leflr{[f)c?%%ﬁ Hag éﬁn&‘g%eaé@%. dgggr ERVER, pod key

(relférBRbeHunibbe2d @i FIS. Qnray b8 piBsedfth eosiirst timvargbles that were input.
alternatively be set tq defgult. to.the.current ti

PG drederice) G75et A s orgEntine 0 Spar pgp Bometed to

co #HeQabhNB08 4 bRKSp BrebailtioN® The ENZERT RardRé i3 dzgintpressed to
nedi cation nay be desirable in order to allowthe

cogfifomi cian time to first perform another task, such as
adm ni stering a pre-nedication such as an

ant iFI{:'al‘i!lS %@E%s&ééﬁ@r%&, @R A2 dH3®n to be delivering the

chemdt her apeu di cation via another syringe or
maimfenesice infusiem s} moyssnate srhe pedicaioeiange}d. Moy i located

' ad}a%gﬂtctﬁ‘é b PSSt ePErdnl HESHioN it BrRsddCHishi@ling the interface shown in |

FIG. 4). FIG. 4] is a syringe confirmation screen. A feature specific to the syringe pump
embodiment of the invention as shown in FIG. 47 is that the clinician must identify the
type of syringe beiﬁg used (as flow rate is dependent upon the rate of travel of the plunger
and the diameter of the syringe barrel). The syringe type may be automatically determined
by the pump, as discussed above, .and are displayed as per this example; i.e., an IVAC 50
ml syringe. The soft keys S7 or S8 may then be pressed to either confirm or change the

5
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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 "DI LUTE",

whi ch displays the dilution interface screen shown in
wPl2@6/044Q78 To enter the flow rate of the di | uPFHFS2005033451

solution 30 the clinician presses the S2 soft key

associated w " RATE" 0. F AR frdeh 3 kh-l n th
dmﬁ%ﬁ%ﬁ“?%ﬁ“@Qahﬂ?%s%ﬁgeﬁﬁ%ﬁ?“%ﬁ%ggbﬁgﬁFbred Vi a tﬁé# e
usePN AR kél6dla difiérehtksgsisge tBye pilebsdisgayadgnot\Wimwn). I the syringe type
- 2006/ 034178PCT1 JSZ0.0%&S ol .53 soft key associ ated
is copfippodythgnterface 810611 ity Y PHPEr ¢ he approxi mat e

volume ot dilution solution to be infused, for ‘

exanil @inf0f iFhrongfedsbanter e ddRatiéh inf@idnyflan rass twhich Bay be

is required as the nore jnportant par ter is_the e
entprpdwia Heeeriet Al Ky off Bge ?’F’&B.WCI“?‘{TB G tpfhe a specifi
VOlgleEq’}ltHQFF'&% SNShE BF NS , Bk @ iyl SN nsal tut NATBL" amy be

armw sound and bot’ Channel A and

Ll .
pressiedtu (The wbuigish ynaytedhenmmiar|a YoEmeia Reiplseds oF- E&Y?lgbthefi Rgessing the
harg i%ﬁll,?t% I%gﬁm ?{%ﬁs (%1&%51%}’ SEELOR e tZ?B{ &6 soff Re T ONBIA81, €hd diBrician may

sol'utron setup, the clinician presses the
selédENT Efftseh dfeckokiey céntefte of tresyringer dnfusigg dhe ppte coptents of the

The dil ytion, sp Jon. is.d S ' u "W TR cat
SYIRNE ITERERE] Bh Ao o of of EPL SE oMl PRYAE S (W seing
ma§ Ult@hhBR1PbEsct Hen Gelittt deangh Pidssing ehedi3| softiken with sedent thepption

and the nedication infusion %ﬁ@:g B. 10FIG 4T is
to inputi the dyrptienel $ip BEWFIgLAsSYPWR el B setup where

the clinician is pronpted to press the "Enter" hard -

key Ab&r&iaBfib It tdhhodRhdp -of Bye vestin) ghe’ Eiticad fyidally requires
- interface 86 shown: in FIG 4U is dis I%eed. FlLG 4l As
infatiegve rreretarmingd VORI ohBEficein St 2PEIFTRIGH PG PR

de%lrfiggd 'nﬁ%faﬁog QY IR SIS OfealifEEi KR sBlebtb@ o RihaB MR eriiity vbleme of
S

ssed to view or change that channel's setup. If

theagjdingb.oriBo inpiubititve piaferver culisle diceentiry voEesy P tfeyd. the

.15, too | d_be. di beaddn HA®our period
o SR et PR frmd et hAN gl fr SXERRBN A ourp
as G tEIGS YISt eBy bassing thet $tsafukeyi the stattianesefnthe infusion may be

screen 88 |n E‘L "4V i s -di spl ayed. As per the
entgted 78 FRown M 1t %t enance flow will immediately start

i nfusing and the nedication together with the = '

di | @t FER 490 khet dl@mvian Has enteked the desired otaitriimesef the irfushen as 9:00.
_After 9:00 the screen will n t o _shaw TR
Thespripe Tebndiah et & ArgE tams Gaprigin MR ph dgicin can
utiftpd tﬁJ‘% e RleinORarfl eyt 76 WHApE MO utat deer eAadelayoineinfusing the

ti1me. G 5is a flowchart of a_nethod 98

:
mddiration ngy derssirdlk inodstoGUgVae PUHER Hmg h SR gifgmn nother
tas\g" %ilhtag _ggej._uﬂ]%qeg{ng ) ﬁy—ﬁeﬁ{@aﬁl&? Sich 38 6h ARPYRs@RHISB oMb itd givmg

: I'i'nician or the systemitself, as
thelgetoiizedeaitovedication atavinather strings epndigion Khanpgk 5
vol une of

As described above, the medication typically must be diluted with a qeutfal

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 solution

the clinician presses the S2 soft key associated with "RATE", shown in FIG. 4R. A ﬂ_ow
rate, for example 100 mi/h, may be entered via the numerical hard keys. By pressing the

10
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medi cation that is to be infused into the patient

that may sinply be to infuse the entire 25 contents

of an IV drip bag or syringe. The clinician .then
selects at step 94 the period in which the total
WPOoIU84138 nedi cation is to be infused, such P&37052005/033451
tvventy four hours The | i near position sensor 40

| |
S3nsé’ gtnafs I u S é Q}ﬁ%l%lrolﬁ %li %FE@J[S yS F%%Mé v@lﬁlme of

dilogasichitionyto B@hﬁmbratfmsexampbtfi@@ nf8astshew mrEGr é6aPnlyag estimate
in the predeter

' g BD BT PP BRFPRET Bt (oS ot B! peputon. 1

dulih fheWhiukBn iiCsyB¥ ﬂﬁﬂﬁotﬂlﬂmﬂﬂuﬂitfmmoﬁ,t a:sm;m msmme and both
medi cation into the infusion circuijt,

Chaya] enrecbRsvillraimyliapersh tionaey das rlgluﬁ&&] %9 Biings f‘s}’kaé‘ﬁd and the
sy hlgshanme lco lb@f éﬁé' ARibh QBIkish SeRPS Bt fnitiBe presses the

remal ni ng anount medi cation to be infused and the

"ENITIR” HAG R@&bﬁ@ma&m@mﬁb@@@@ﬁ‘ésmﬂher aigtion sogption is infused
sua@?apgoélis v&x e%lc%ﬁ&ﬂ Qfla thERSod BBt ﬁ‘&e aﬁ@ Hﬁﬂdﬁéﬁ hBGhe same

ng, and adjusting steps 92-1 are
fof e thie il udidn Gh@pell‘() gncuhe imedichtgont infusion \GchlamméBof
medi cation is infused FIG 6 presents a mul ti channel
COOEFﬂ%P eﬁ%%? u ?1%%1‘?1 f ?&r thtﬁl%gﬁdge '&IRGI the c¢linician is

ano e invention | t1channe
pr&ffedivd phedl tenfhunsdrd halﬂyl&:yemcnsﬁm thiel sstupt OBy Ipecssipg i"Ryler”, the

U 00 T 955 LR APRYE 4 cd ASARA bt e

A Bsdnoantnﬁ¥ $heMBER ']EBj;sl BeiaedRth dither ciheldhagbapressed to view
contr ol d¥lstem and LW16. Dilution soluti

orcbengaithas¢heinehs splun ]lf‘@d@H@n%Gthﬁ ¥R EPHRTLE ‘E&h&’e system they
tocga% ﬁ%e tﬁﬁ;ﬁ%{e&h%ol's\%{ %E?’I\jr cin & 16 HinlgarBdte GRNRRH18%oft ke below

pat’e system 1 er I ncI udes a functional
"START" 1 10ndehthe s g s sieried fupning4the reimepape pgean 8%in FIG. 4V is

The ht
S S S SR A s g o
thé hﬁflg%bnka gether w1th tha dilséyn slutien eyitl aclyebet 8o infush aragoo After
an ri of un vol une but havi

9y scazent ‘éﬂ]]e By S E vt\gqt r{'ﬁ% gntére ke gtci'ofn t%e s§16n$ew9re bcmg
infHGPERIRIad hR 16RinGRlonGRduld decrement over time. :

FIG. 5 is a flow chart of a method 98 of infusing a medication into 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

medication that is to be infused into the patient that may simply be to infuse the entire

contents of an IV drip bag or syringe. The clinician then selecis at siep 94 the period in
which the total volumé of medication is to be infused, such as twenty-four hours. The
linear position sensor 40 constantly detects at step 96 the remaining amount of medication
to be infused. The control system constantly calculates at step 98 the time remaining in the
predetermined period. The pump “delivers at step 100 the neutral carrier solution into an
IV linc while the sydnge pump infuses at step 102 the medication into the infusion circuit.
The control system constanily 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
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15 116. A clinician typically identifies the

receptacle to be suspended fromthe weight cell (e.g.

a commercially avail able 250 ml plastic Sol ution

bag), and enters this informtion together with the
wapIs@4iat e vol une and duration of the infuSFESTHEYE4s1

the PCU 12. The type of receptacle and hence its tare

reiRhidl Ellég[%yplg SerASLiRLTha R ai‘HleEﬁJcﬁ%'c'abéuﬁMn@ aeuvenng, miusing,

rece Fect | on system 122 e tare Wei ght may
and edjdeingrstepn 62104 ore rapaigedab stee 1§ thetetabgpjume of medication is
grammed wi th the nanes of manufacturers of
lmﬁ%egept acles and the tare wei ght of their receptacles,
or the manufacturer may include a bar code or anot her
i nf BIGaS ippesente\d embttrhanres cocadmp‘t@ahfssmh aysteinel PCcepaging to

an‘gﬁ?fa%lﬁheo dt}tgerg%ggp g’g’g]ét%& ﬁ%cqm%%lrcgﬁ%]na%egg{nﬂ{s}ﬁnbsﬁ&em is

sirhee ¢ e ts?ﬂ_(@' puB doisddusia acclisbdnbodd. eAs innhd prior embodiment the
receptacl e |

ncl udi rég t he manuf acturer rﬁ rﬁ;@ trol
presemvadtichapepl \ﬁ@cprgw[at dnfggion Wétegjﬁrqpﬁls%qrazﬁéﬁ Hge ig ppontro
syé?é:%t 48 4 1ypdid, NTibBod Qﬂﬁtmnaﬁ Sorkainedak Eith ah QY Bag 36 is pumped

tractlng that specific container's known tare

thlvmglgﬁhamlﬁbm ishtherle¥R patacn dVslineel4 Gpemenied ifeapaiag Hye system
' AR £ ¥eldBD cell 116.
role? B0 gt 20 R R T B RS £l
'[lelvtld'ilgﬁt h:ell Ic}s{mhmnﬁ:a&é vidlvere porEBSOCOmMntpationHe.g. infrared, Radio
nul t| r.di nated i nfusion system 110 (control
r%‘l‘)‘e%‘iy étpr)rghea}ffﬁﬁﬂﬁtl cal ly determ nes a precise
infusion flow rate based on the predetermined total
vol igse! @ rdvepiacibud 8gsuch heamBadtip bap, of unlhowai whime bidiaving a

thetlrre remai nj i n.the per tted f he
KnpHR GPBROT (1 WORAT BRI PO bl Raied OB ool
119”@\ bﬁ}u&%@ byphd % ildntifiOné QQEHAE 1o BEETIpkIRAGTIR Mélght cell
desired. Inaccuracies due to di ffergnt specific

(e.gr avpmmeriadly ailplle 200 rgaristia SPYtieR Rifamd guerftdlis information
to%ﬁ'g!c %'tﬁ@ aﬁﬂr&'}hﬂ% te DS RECAuAtfon BF @ ﬁnflﬁ_ﬁnq{ﬂﬁstﬁe POU 12. The

ar nass to water which is used as a
tymet aﬁd@ept)tclb windnhsncbeitst takee welght onasceso dpfermyped jatomatically by a

e SRERREL B R Bt s s

th#'PCURroghamge with thh aamex:cdpnaamfaetuie‘rs oﬁrwemdqlﬁm thenlgre weight
msdlcatlon infusion rate via Ch cordi '

of Bl FEERE o0 2t BRRIRTFER b LG &R (LR 81 SHOLg daformaton

deV18E BR 1R 6dcBptadlt i1t HREFCT inf¢l b¥ @bl M@ reatln Thé pharmacist may weigh the
predetermned tine period allotted for the infusio

dry hagieridrigpt §o 2 beneodeyastaiher SlePEnmit 1aga0r §e HAPHEFEref gy ey ticluds an
1dﬁ91%%106#'ﬁth9 odd taI; ed lg&iﬁ fie B0 BirerRAUHE, BN inbinBESand weight

t1ona ts 16 and 114 are preferabl
of thentmg b Igyanm‘, tﬁcﬁfwdgh@ftﬂlﬁeﬂliuﬁ i he aeasptrole dhfalcubebed bjzsubtrachng

o R B SR e S A At s v

thélchpatigéll.t wotftigno00 Aeldersuhé hiediators hbthe bag tEtaBgh 6he BVP 114
di fferent nunber  of ct onal units may be :

(Chapmst Bbiogewreot Wll%ﬂ'l‘el‘f&ﬁg%’ﬂj ent care system 110.
Typically LVPs need a positive head height to operate
accyhatyedasssor withie teinghichaabl coondindedrisiati s;cstt&s @D (control
above, the constant control , qf th fl owbrate hg 9'} d

syesmhmpmpicplly elssmines § REsciie UHYeN o SIS PEegn R Fredelonmine

tof b SHithe oS nAkER RS HBI - PRUBYA S MldShd e dahdivas m mé period
e entire contents of an unknown volune in an exa

allptt@d@' drerinfusignp dhisolptasminafipimay pe Bpdecqussyisly 304 1k Fral time if
ability to deliver jointly congrolled di | uti on and
i nfusion solutions. FIGS. 2 amd 3 are equal |l y
applicable to the weight cell enbodi nent descri bed
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above. 20FIG 7A to 7U are user interfaces used in

connection with the above wei ght cell enbodi nent of

the invention. The PCU used in connection with this

enbodi ment is programmed in a simlar manner to that
WEZHIHBHEY in relation to the prior enbodi medCl/UARWEEHE45]

to the nmultichannel infusion node of the present

. N n_i.s t t minimal (as
dgﬁe&%aﬁ%r%%es A(_%te t@ gﬁ%mﬂ%pééﬁﬁ:%th@&& dfrf%l%@%l% gfeﬁé]:aﬂ@ nimal
nuﬁﬁkﬁ&@ﬁm@dﬂﬁ&ﬁhﬁme@anﬁa@mmmwaphﬁenanms1ﬁ|éwumkﬁémﬁéﬂlwmﬁf

o g Ao R b e 2t g By By T e

coS@Rle8 LifMEISS - syfeBUNTRS sIhs aysen thbefoe Ghmnmtitally dgermines the

shown to be deliv i nt enancg i.nfu
weighb ahnEh PG EEPEy [P GBaAYi S TSttt RS vip Shanael
B ac@or ng kGt %&%EE&-I &ﬁrder? Qf frercohfiefts ioh fhtibcﬁpts&m; mpa spamfied &
e

|sp d as 30ln a sim]lar nner
okl mcﬂeespned@qﬁlm@d tirag a@qoér@llﬁféedﬁpt%e infpsipn 0112%1%9 . the system
Naf ss,
BBl R L AL kel comigesig

2006/ 034178PC T/ US2005/ 033451 "VTBI", duration_ of the
i nf 0hé ﬂmctlcdemﬁtSCN anginid 4 tareprefeably rempatdy 2ftgrbed to the mterface

umf,ﬁ'teflfﬂrZ e 1nt %{Mﬁlﬁsﬁﬁ r\ﬁth%@ﬁe? g Bnitd) & Ee@t':h]?&g above Ltis

owrate 1s not cr|t| cal
to u:ahamsyﬁttoemthsft :mmleugntwas dunctibnatremni$ ateh shavar ep e @ ] éllfferent ,

IROUCMRIT N R NI NN T

mul ti channel coordinated 5 i nfusion systemthat

ﬂl V'ISiﬁSalgr CWPE Hibeat Eﬂosﬁﬂmﬂ h.éad\hmg]ﬁ tobypetatreagrurdbdy. &f the weight
our s

m nut s remai ni n n.allotte
cell grbpdimgr; discusset abgs t°° %n?%“hf’t@’] 5‘%’ fﬁalfe%}‘)%%h bﬁ‘&mﬁl B
ne% RGARE ALk %ﬂ aspc%ﬁ:lv@ kAt 1RG 1Y Tiid Mitah gerhdnd gbdwf&é}ienﬁ]mhe ficlorery of
ontainer's Known tare weight fromth reqegiﬂgﬁﬁ'% It
thenentirqueomieis Aba YRV VAIHES {ibfity Rtact BTefcter g et tigne.
: 1
i 1} B85 Q0 ot o oo

to 7R for the sake of conpl eteness. An infusion set yp

conffiGFel iaoh 3sereewmallBeprlisahln éh st weight eell epbpgyment described
abCl inician as per FIG 75. The clinician is pronpted

o press "ENTER' to confirmthe setup shown in FIG

75. On pressing "ENTER', the interface screen 86

shoWiGi TA Fo @ 478 User intesfpeeayieel] inpgoanection rdyherahave weight cell

I.nf.usi f_ hot a lp [
o BAESE e BN 298 k08 ST 18 el
progr@ned i bangdart ﬂnminec @ frat bxpdaipest mpreizlﬁbn 4o dihe pderagmbodiment.
Aq%;gsasgg gl‘hsrg gg}?anc 1:05 q‘lil({,qg oggg tﬁéqretnlggx is 381%1%% gescnbcd
in PAIBHES Eﬁdﬁs £ltb mgfahd aeywoia |HD%S "BTARIC for@he eakisloé completeness.
system has started running, the scr.een i
A plagiterpnge flew aats gpuGhapnelad 1pisf 24 ﬂ%ﬁ%l@%@%@ﬁ%@d% to 4H
anp:%h&»% Fﬁg 19 (oaPGH 8l SROSHEMENEendshe Mdﬁh&?%@%ﬁ where

Inmedi ately start infusing and the 20
Clmenklchts siowrotpebh delivering at maintghange jiinfysien |is shewn i FIG 71 By

B BERR ORI i P el S 0 e s i

mgﬁg&@hﬁﬁﬁemarn'belng i nfused and the durati on woul d
eci ement over tine The nethod of infusing a

di t t .
TS8P Sl RSP S0 4 st s
FIESDY BioEsifdr fihd 2lkabf odmplotehdss the flow raaBRATEENolume to be infused
13 '




10

15

20

25

30

25 except that the position sensor of the weight cell
constantly detects at step 96 the renai ni ng anount of
nmedi cation to be infused, and the LWand wei ght cell
conmbi nation infuses at step 102 the nedication into

WORBG0341G8 i on circuit. FIG 8 presents ZCIL/US2005/033451
mul ti channel coordinated infusion system 140

" ordi.ng ta a furth N he. | D A e
VR it o et nBLAGTHON, Fidihe St (rMERIAR S 1Ak
Tm;]'pbl@ainteyedta%%%é ®CIE8Mt Theiprograreuiag of thplfReeragmis not critical to
t erapl es ¢ SucC as contl nuous.arterioveno " n
the uiionLT P SLEBOTER Boreoogl Mg 18 iapiedas YERRAE by "ALL.
Thid §IREE ALY BleSidwWAMER cafthnily @SRRI W@ thy maulbelknaél eordinated
~ replacenent for a normal_ henodi alg/sn S E%Sce(%%e_s an\cflr)ninutes
infipgoeyeEaI 8 oA ey iing weight bishe pRRPE iRt
m%%é}ﬁxg%hc BNfka HaliddER S HRkdoh, MRS Ffth@ ¥y o fluid in the

ral'ysi's procedure. Henodialysis is often ve%'
recefitidlé Bukiculhted by kebipsting that spasific Rertenirs kgoyvna fyge Wi ffrpm the
of fluid shifts an clLol.y changes as well as
rec?%ﬂ’@“p’ﬁ%&e@% FETe g?gtg%&%lggtctegbcur while the patient
is having his or her blood cleansed by a henodial ysis
ma.chen@hanfibled Bilpioncietivios igtme selab Jesarbadds relpgon to FIGS. 4Q o
patient's gy, ,nakKi hi L weak. inPehh setir
455%116&%8?‘%8?@&% gPeWezﬁ?rff)’rr éﬁy p%o%n‘%g[%h\?w%gﬁ' p?ﬁ ent s -se P
coni@aidesceden t1BC & thyn piebentddab identliniidnod ipesTI6H.t78n Twrohipician is

tolerate the procedure as their bl ood pr rg dr .
DrogEd oy BN GER Lo Y LB] BisEh BRVBG. s By or Lp RS
vy PBR €%he B LRR e 86 MEWRGE FFSTE is dibElafeBRTFICCANHshows the

and CAVHD) procedures were devel oped. CRRT |

l m | ar.
infussorobuth Slhgeich A S48 9. 4 HEE Lok ONOkHs SBrpieR 9 dbanmel
ma?ﬁa?eh. fggsc&ttp &id | dr &hasdeS 8Mhm AL REHPUS IYadddid8Y chdi@Bls were

everal hours at varyi ng increnents of tine. In
cof@REE] to thei systemptbey oot wowd lbealispipyedir Ap starele syuerys the clinician

di al ysis,|igui ds and ..btLavenqy I, QUi terd
pocie 1 o 4 ot e e b PR T ohiS o dUR g Bt hubilf, e
surP@biyesdteen BBal FiG., 7(isdisplayed! dncer testxampicgiesaibed in relation to
l'iquids are dragwn and repl aced from a,. [ eV er
thee prigs; eBPodimeH ai?s?mé’ltﬁla’é e O‘He‘gil%fm%&%l&csﬁ& il?ﬁ?%gsegld the
mefilctish BaLARGaM 1BE BinRin sbiitioakel vhiy pegieguinhisedt 9:00e After 9:00

e e e e RS SIS LR &8 e
sod §ESLRDS vBRAROERER SR HIECC D oal of these |

g{ gg‘gg girgti{id ng gltflggngs;g gngﬁgtiq%%d%éag ?ccte%gﬁflzeeg{]th tthrg:einfusion
YRS BIGS dGoRAL B o1 BAdis] Bhibl QOGhonf RS Shediment,

iver blo resi stance henofilter.

¥a)

8y

excEpt Nt nthali positiyss tsemdor df| tiedwgiplseallr eonstan@dy gigterengt step 96 the

el | t fluids, ' i £i ' .
S S5 SRR o e AR L0 VAL 58 o

infBsed aBdtyS FIREhS A8 iGURS @fusioncamdit.t o bl ood fl ow,

addi ng the ability to continuously renove solute

whi l e renoving flui.d. Bath CAVH an \" ' .
conffq’ru% PESPER & m{ijlg 3&?3%1%0@{ ‘ﬁ%‘fglg%f’%t %}l@g %EXG YEcording t0 2
fadler QU@ athe OfnvE@lon! e MMdnichanied i dobrtinatash infsibhesystem is
vol ume and conposition of the exiracel IMH idto..
tywiendrused d SoROWEPUS feal WRUPHBTIE RN En{GRR by gicth @ cOmtinuous
art%(%v%ﬂoﬁsmk%hﬁl'fiﬂﬂﬁoﬁf (&P 4Pt cohitistiotls Veattetvestd  hemodialysis
sol ute concentration changes that acconpany standard
(CRATETD) anbl yrsssentinlng hedhsits replagemenifar 2 90%%{) hergngialypis procedure.
safely with CAVH or CAVHD. The henofiltration system
utilizes a small filter that % hi ghly perneable to
wat er 30 and small solutes, but inperneable to plasm
proteins and the forned el enents of the blood. The

filter is placed in an extra corporeal circuit. As
t he bl ood perfuses through the
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henofitter an ultrafiltrate of plasma is renoved. The
ultrafiltrate is concurrently replaced 15 WO

2006/ 034178PCT/ US2005/ 033451 using a fluid with an

el ectrolyte conposition that is either simlar t

, an
- WORBRBt7hor nal  pl asma or specifical ly desi gREGUPHIS/033451

correct abnormalities in the individual patient. The
henggtlielg#sr \%:1;}11 .OC%I(%%J féﬁ'a.\t fa?l@fénﬁs% a8 EE ol SéhaBRemodialysis
'S

vei n. 00 ypi cal I'y punped through the circuit

prdegdirbe Heamtialysili$ ofgmypry Héfigat foe fie' patient, as there is a large amount

terial-to-venagus pres rad . i
of i€ ifts b elepRuR RarES &b Syl ALnER, phitictosdt SHbiLEs AP occur
wiigahe BOkcnf GChivakgehiy of diat biobd tchenset tiych hersediflpdiampehine. The
di scussed above. . In the present,inventi .
DrogPaTy gprerally drains e AUITE SRETBL KR BUYLE IS PP’ Such side
QDA vén AYre)proftdRtedont efith (o arcritisgl il Ghtientebddes often
and LVP conbi'nati on npdul es 146 and 148 on. the

ther. . .
canffoe tolyRe tlsrspordieds thepdleskprassareldans aBo ey BFY%%IJ(‘)%P%&SNI"@C

_ pn?ai%e[el&jr e Tpo%e;c%gi]éﬁ)le eﬁ'tr@ﬂ Afe fof @nbigyeR! HRNCRRMM @AVH and

ilI'ter and an ultrafiltrate 154 iS renoved and .

- CAVHDipreehines weealpveloped. 1GRRT lisivilagtaokimodinl g except that the

_cel L.ul ar, conponent s n [.00d. . b RS- o _
a1 s e T e R RS RE K R sofbygl hours at
vaMiiy RceelRftiof kB0 IAMRRT it teporzint to tehp aswpde ecends of dialysis
_blood _plasma proteins hefore returning 162. the .
iqhig oG SR TIOME vk R Pty o il o e gibing he
pa&<§14. RPN eH nfabOPAIRe Mt BARt wheh st :0¢ @chwhyanliTreplatdd from a
150 that control's the LWnodul e 146. Lbﬁg%ﬁ%ﬁ,.%ge "
pafitndwSeveraclvical prbloms, adieven drath, 1% opefs fAReq Hupd ylqores are not
ent ihSqa #e 120 strdddfiul on the
ol B TR gk SPBEEPhbERePI eSO st on
boBEldnd Phovidm tomingousheduvent ascepesed 48 thise de égvrab@}rwemodlalysm
deliver an infusion into an IV line based on the flow
SSPH"& desired. The LVP nodule 146 is 20 programed to

accurately withdraw fluid fromthe |line by neasuri n%
t he Tasmost ofahest|pnoctdwies Isdhavame Fheensylialesi, éapletethe blood, but

progranmmed to i ntai rese ' AC
o hoe el e FAIL R b pEGROFE et o
deBYer96at oV 1bRkantRice Bembfilasr, tTo taimtamispaimnie riflend pressure, the
descri bed above, since Wo i nfusian ul
patirs raceB R PSRRI & VEIRES et B 8D M RV fkghod that
' @h’ Q rﬁﬂ%ﬂ & SLAPS Bk RYuEeREAMertlifenf Se6dldw, adding
usgn%% e vq\k/lml | so stop. oysa Iurrpr oved accuracy,

. the ghilitydd centiduously miiove selute vhile seypeiimeidifler a positive

or negative pressure differential in a CART system

may ARV, e iR CodtmbaRNRhalCRYTadi M@k aBerapy, thus

i nf ljﬁé?%?syst%% %}0 wi t'h wei ght cell capggi ity and
allowirty emcRalofl 50lutes rend oinodifipasion et the ek 28d sPEPAHY of the

: exiggc]r:? Ici{a? ﬁ@%étag%ma cl?ﬁgn% §Y1e§ ltiﬁa%l. ;t?fg%éfé gﬁtgéh%r, GRBBire often intolerant of

g , oUt put pressure
théli dbfixt eMee svoliad andl gsolifts cantdnyratidnf eleangeso ptreacedmpany standard

-~ delivery or withdra
&

el N G s v N @%V\%;b%egtyigﬁfzd séfely with CAVH or CAVHD.

The hemofiltration system utilizes a small filter that is highly permeable to water

h

and small solutes, but impermeable to plasma proteins and the formed elements of the
blood. The filter is placed in an extra corporeal circuit. As the blood perfuses through the
hemofitter an ultrafiltrate of plasma is removed. The ultrafilirate is concurrently replaced
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- hegefilizption ciipuiseaspeciBplarepfE ey SEie

FIG 9 is a flowchart of a nethod 170 of.infusing an
ultrafiltrate into a patient. An infusion

ultrafiltrate is first delivered to a henofilter at
step 172. A weight cell then nmeasures at step 174 the
woomud/ozef7si nfusion-ultrafiltrate in the i nfugCeUsz005/033451
system At the sane tine the patient's renoved

| trafil | i ved. ep 176, f.
sl bk o gioe ol RNt wRE D BBl by pgrps pasma

ort BRcIfRAIS | R5icB 116 Mdrkcimabsurneliiat itk hdiBidakl eatient. The

which the flow rates to and fromt%ﬁ he,rmfi,‘%gler are, 4
argpg ogdsis fhypicaly gpfgthrough

fh%ﬁ:%&i; %? RO S awih S S bRRnAN drtér R @6hous pressure gradient to
ultrafittrate in the Tnfusion systemand a

providelibe prasiwre tb dévsi thesysisme JSif wysigmfiosessrdoss nyeeqsaiply control

i_nf usj ultrafiltrates. The net hod

‘h‘%%dﬁ%ﬁs%Aégi%%gé{e&gk‘ges%%éggumi | the desired infusion 10
ultrafiltrate is delivered or renoved fromthe .
pat iferihe present initiom a lélysisr filtesulddr isj epnpesiteshbeyrsene g arterial
and et hods. as herej X i in: '

16 RV I B e S My Y et ol 86 OVF Cobfiafiflfhbanics 146

anp 1oy bal irgpthdre Tad ¥ AT @gbmatier modulbedre bethsoatraltbd biyta single PCU

o0_he understood that the e nerely illustrative of
13y, @tfmde@nfw 15 aftsit GETS s diienand & Yttt} S i Ppfled and
coffdfhedl Fﬂ@‘i:ed%?tablb nisatea@AS ohlyeblodt dliiRe copbivatslahdiblodd plasma
15 of construction or design herein shown other t,h?&) .
pre{singie 4'c FeplRsEmERE WHBIERIS IS SHE Hierflter I via a conduit 160 and is
m&Q@%ﬁ%& @é@%@%@;&%ﬁ&% ekt Metarning 162 fhe #iBod to the
I nfusion system conprising: a first delivery unit
patibrait Tihelfloverate af therwtrafilvite 354 eerpeyed Aranh thespagant is monitored by
FLeMit: a sec L Vi 4Nt ' :
P15 PRE R o8 LI, SEEROYEES of tho uimafitae
158egsatee ireo thedryentds idcadatetiedoatrofiaidy thePEOLA tha fontrols the LYP
undel i vered first infusate remaining to be infused,
m control systemthat: controls ‘
delivery of the first infusate fromthe first
del iByedaing! 59, tthea RAUAE0I coatidyls de TVIR nselofentSi tofaoemately deliver an

- fromthe second delivery unit; 10enables..jnput, of B
infyHanATY R U0 I G O B0 ] T SriFte Tk L Bogiodile 146 is

prgﬁh&ﬂﬁ‘é& %ﬁaccurately withdraw fluid from the line by measuring the amount of fluid
withdrawn. The system can be programmed to maintain a preset difference between the
two infusions to resuit in an accurate positive or negative balance, Similar to the
embodiments described * above, since the two infusion modules 146 and 148 are
programmed by the same PCU 150, when one infusion module stops for any reason, the

second module will also stop.

Tmproved accuracy, control and the ability to program either a positive or negative
pressure differential in a. CRRT system may -be achieved using the multichannel
coordinated infusion system 140 with weight cell capability and central PCU 150 control.
The multichannel coordinated infusion system 140 is also able to overcome conditions
such as high intake and output pressure differences that significantly affect volume of
delivery or withdrawal.
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and i nput of a predetermined time period for infusion
of the predeterm ned first insufate vol une;
determnes a tinme remaining in the predeterm ned
infusion tinme period; comunicates with the first
woebicipes1ys unit, the second delivery unit, an8CTRE2PE033451
nmeasur enent device to determ ne an optinumfirst

i nf e i nfusi . t ; , it Hent. An
RS B o PSR e e
infps@d afranrmane s firsf delivered fone hpeofiled  at tstep W&t eAniveight cell then

amount of undelivered first inf te penmalnd '
ey st B ohE e e ARy 4 ve
sarRé BHEUES PhRae toffovsd Qnratiitie Resdendd at8@p 176 from the hemofilter.

controls the first_delivery unit to deliver the firiggaﬁ, ‘
The amoweited removadenlaaElEnts ih & DOV Met T rht i &'°
whkcrl]lftﬂc?ﬂ@‘p AtbaY aﬁ@h?m V%e hemofdter A alljibied hOfepSHDH! it AGjustment is

recited in clarm erein the first infusate is a , .
bagwd dirnc i measared atheunée ob itfusiont gachremevsd 4limedjiraty) in the infusion

arryi.ng sol ution. - b I ] :
sy o MOt dpried ol UBISLAnOGURSE M Btusion and
rerf@d fu@tsdfatratss. bOhé nefhodhigOfmaysbe sepeated t&h dnidlethé weyispd infusion

uni ts si.mul t apeousl .:%54 An_i.nfusion systemas -
ultpafiitratedg dplive ﬁﬁ@ﬁ%%ﬁ e l8i B sing a programm ng

unit for providing an interface between .the infusion

Sy s iaileahél patitif @ indfsicnhgstem$ wsd mathegsgselrereis shewn and disclosed

. infusion systemas recited in.claiml rein th :

in defail a@fu]éx, capahle of perfgrming as ]ina]ﬁlatleél apnaeglgl%gat{hg 2 ¥aﬁuéages hetein

be@R! ki) fil @Wo R Bnddbdi®id By thePtLd mibpdly ANsstativesiof lier presently
the first 30 or the secon

X : cond punp units, .WO, ,
prefgos) dediraReT B GUSPED3 anghthat no limations, ajeffigadeg o the details
of g&ﬁ{r&mgﬁ%r BESd 5 ih S PbthRr iR uedcAbéd 1A the &ppended claims.

el'rvery unit®conprises a syringe punp. 7. An
i nfusion systemas recited in claim1 wherein the
first delivery unit :
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30

conprises an infusion punp. 58. An infusion system as

recited in claiml1l wherein the first delivery unit

conprises a receptacle containing the first infusate,

~and the nmeasurenment device conprises a weight cell
wioanesaseest ai ni ng t he wei ght  of the first i nfPG3/U&L5/033451
containing receptacle. 9.An infusion system as
recited in claim5 wherein the control systemis
within the progranm ng unit. 1010. An infusion

systemas recited in claimg wherein the syringe punp

i ncl-ude AniYspmFESEHNLIPIESIKS usi on system furt her

conpris ea%ir?thd%}i{}ér? g‘ﬁit ﬁl'af Ge1Ek %%%1 HrusySoemifion circuit;

det ecti ng e total volume-of the syringe. o

11. An iasbusideiliesys teitthasdelizes eeetopdinfisatate raiBsion gircuit;

the syringe pu i ngcl ud a ri.nge, t ' ‘ ; £

pl unger aaﬂ}?a‘{)uﬁeg&f%a{g&cgen@%tt d%%r{/r:u%g %o %&3}1@2@ g@l Béfivered firs
infiRe&iréhaRing eeoinfukad;fa0 sensi ng a position of the

plunger of the syringe in the syringe punp. 12.

An inf usq@ﬁtr%l)ﬁgft%%tgag' recited in claim8 wherein the

amount  Qhnfdls Helivdty Usrate Fi@iadfiiatg fom thee fissy stebimery surgt and

wei ght of first infusate remaining in the infusion
deliyyrstaf theaasepnidgniyate frmtbeiseepsdelifey WBitght of the first.

i nfusat een‘f@%ﬁ‘ lgbﬁvz(g % g&&ﬁ%&hﬁﬁ%& Solls f fhe FR§taniBt @It beQfelivered

the recep .An I nfusion systemas recited in
andcinginof 1l prafesereiimed: tivee aenindnfor affugion of the predeigpmined first insufate
remaining in the systemis a volunme of first infusate
volitri ning in the infusion systemand is cal cul at ed ,

f rom t hedcp@@ines o amefrerhiiainginithg @redatacniacd mfesionighepasiod;

f th i nge. 14.An infus t
ol ai m 1 SRR R B RGO ek G ScopietiyED gl and the

| mesAtdinfliatkelth apfetife We bgththu® firdt Rfudaterisfusion flesatae based on the
t

remai ning in the infusion 25system. and the first .
predpiernede Tirsts frfusatd voljag,j the R R R Rglod, the

detbihih e RLEsebe R dan Fe | Bfushie "RuRBAAOn the system and the

determined time remaining in the predetermined infusion time period; and
controls the first delivery unit to deliver the first infusate at the determined

optimum first infusate infusion flow rate.

2. An infusion 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 festarts both of tﬁe-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.

5. An infusion system as recited in claim 1 wherein the control system
antomatically recalculates the optimum flow rate after any interruptions of either the first

or the second purp units.
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WD 2006/ 034178PCT/ US20051033451 15. An infusion
systemas recited in claim14 wherein the infusion
system further conprises a receptacle detection
system for detecting the type and tare wei ght of the
woeospsacs e. 16. An infusion system coRpEUSIAYH33451
5a first delivery unit that delivers an infusion
ultrafiltrate to a henofilter; . . first .. .
e i erfhinlaar SB1Eh A UL LRherfigyfie Tt delivery uni
| us] Qnoul iltrate in the infusion system a
Cmﬂlpglgééslsa{/ rngnﬁﬂﬁ'hat receives a patient's renoved
ultrafiltrate fromthe 10 henofjlter; ) ) o
sechnd BV RIER g EITha CHER o heED R ey wie
.. [e . filtrate in the infusion system
congafnsés #‘%Xﬁ‘éxsoy fn@!

contro tem communi cating with the delivery and

receiver units and the first and second peasurenment .

units t cAmletesion pEITHAs AIFHFY i lauR e EhEEL Y IR R unit
Demf i - £didRRA i8S 8hEMPTHRSLr&BH AbScddomprises

©on; %fsgs’sfli%ﬁéﬂlﬁwg%n?%tﬂr te and renoved ultrafiltrate in

a weight defifforsisorrtagning tenweightiofihp fiesd infeseiri coaldinirssiepeptpcle.
pressure differential between the infusion and
renpved ul trakLl fs{'s%n? Ss rB0Hd RTLERANS WleldiN the! Bftrol system is
-del1'very and recetver units accordi ngly. '

locdi#d withini thé prepamnsygtEim as recited in claim16 wherein
the delivery and receiver 20 units conprise infusion
punps. o 18 inf usi : ASinBEk bitnp includes
Ol ol 1 B ERE Borbah QUS| Az e Lk bl in

a shiefleanidthedhfisioh sydem dedhier epypased ar eitisy size defpetpn system for
si mul t aneousl y. .19. An infusion system as

det?‘@@gﬂ}?ﬁofaﬁv?;P%Pﬁf%SWher conpri sing a progranm ng
unit for providing an interface between the infusion
system anf idusisesys@in dsheci2Biméluist &6 wheipt the pyringe purmp 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.

'12.  An infusion system as tecited in claim 8 wherein the amount of first
infusate remaining in the system is a weight of first infusate remaining in the infusion
systemn and is calculated from the weight of the first infusate containing receptacle Jess a

tare weight of the receptacle.

13.  An infusion system as recited in claim 11 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.

14.  An infusion system as recited in claim 12 wherein the optimum infusion
flow tate 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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20. An infusion systemas recited in claim16 wherein
the control system autonmatically recal cul ates the
optimum flow rates after any interruptions of either
the delivery or the receiver units. WO

wRQOBBA48 78PCT/ US2005/ 033451 21. An i RET/ERMAS/033451
systemas recited in claim17 wherein the delivery
uni

* Uneltnf ok grioeot skt ob drae REIG Bf yprfR i A systom

nf , e [ ver uni
furdhBE LGSR 2 hQEPMAL deeaept ek Hodeeapahaiypg ahhere weight of
renoved ultrafiltrate, and the first and second
theyeeeplaclenent devi ces conprise weight cells for
ascertaining the weight of the infusion ultrafiltrate
coni@i negly it diisykhusheasingcept acl e and the renoved
ultrafiltrate contained in the, renoval, trélg,cept ﬁ%@ ;
22. An isffist ofeliyyat amitathatedrlies 90 drigsion: §/NfHENRRR 0 2
h thf control systemis |ocated within the progranm ng
ergpfiter; 23. An infusion systemas recited in
cl ai m 21, whetr ehdasirbiBedeighie afiatt Oertfindsnbwisirasuniinef  infusion
renoved ultrafiltrates in the infusion systemis
ultvafilteis jateginfusiom syREei ght of each of the infusion

and 1 enoy gl rLCeniaGhe scd@SS adpdidhits WAL WiafRagh fedm the

the_ infusion angmr enoval receptacles. 24. An
hemoffilissi on systemas recited in claim21 wherein the

i nfusion syst mm‘;#[uteﬁ:%ﬁ GOIR! S8 SdcfriBe® Phna&hSunt of removed
g emrtor eii

det ect i of ® ecting the type and tare
ultivgiitgHns inQhe ihbusemahysterh; t he i nfusi on and renoval

recept acl es. , 25. A nethod. of,. | ' .
oDt ) SR vy oo PR eS8 s
thed@k€i]l REAM Bedstiedlonivialitd W8 dekrrhiné sptithimh fRat etds o tiod frem the
i nfused; ascertaining a period over which t ot
hemofiltare basedfypost thp rﬂe‘iffﬁ%k“@g jAPOUES K Sy E’:Efégﬁm%e i romoved |
uln%?i#t?a% i AEAB Ao ARy pifiotéridifdd Hedfred Pr&sird differential
I'nfused; calculatihg tine remaining in the_perjod;
betshebn ey infgsion swd opmoveds wiafiliratent endafori sopiielligy the delivery and
Ci I cui. {S; .
recéiver units'accordingly.
17. An infusion system as 1'lecitcd‘in claim 16 wherein the delivery and receiver

units comprise infusion pumps.

18.  An infusion system as recited in claim 16 wherein the contro} system stops

and restarts both of the delivery and receiver units simultaneously.

19.  An infusion system as recited in claim 16 further comprising a
programming unit for providing an interface between the infusion system and a user of the

infusion systein.

20. An infusion system as recited in claim 16 wherein the confrol system
automatically recalculates the optimum flow rates after any interruptions of either the

delivery or the receiver units.
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infusing the first infusate into the infusion

circuit; and 25automatically adjusting the infusion

based on the renmai ni ng anount of first infusate to be

i nfused and the tine remaining in the period.
wWDE06cA34MEE hod as recited in claim25 wher ei-n PCR&S2005/033451

nmet hod further conprises the step of repeating the

detecting,, calculating, delivering, Jnfusing;. o
it St P B b B e el B B8 i inctudes
an Hrustdol Bbepidaf®atenthifingthdmanion MRdfiltrate, the receiver unit includes a

2006/ 034178PCl 7US2005/ 033451 27. A are h&]g asd p
remayel resepticle FpaFRIBIngHBE dPROY e uigatinale: Sn dj‘% % anc secon

s?} o 1,8 8Svi ' isVioR Gs@RainffRUibe fWdFRtaf U infusion
HE% e%f?%?%$§§%$un%Q%¥ﬁf?§Et infusate to be ?%fused., i
ult@Bliratk avetaired i sha iafisicadedentagle andtrsemnesdeylifakilfatc contained in
th det er 'cni r%%[lst ep conprises the steps of recogni zing
CIHAYALIEH ST T cs of a receptacle in which the first
infusate is contained, 5 and calcul ating the total ,
vol igre ofn frifngion isysters & aeciied fre cleimh JSewherein i gentrol system is

receptacl e characteristics. 29. A nethod as
kmw5€3ﬁ%ﬁ&b%m@5§?ﬁwﬁguﬁﬁerein t he ascertaining step

conprises the step of receiving an input froma user

of 2he pei iinfisionerystat ahrachied fmtcidimvdl wherct the peight of the

. Jtnfusate is tq be infused. 0 : L :
iyt i d AP et KB g B SRR L it o
cachlo® B i0fas06 thab kdmdiah g:cthiglgdeds titan vedgha opbach @€ thedffusion and
syringe placed in a syringe punp, and cal culating the
femcé’ﬁJBFP‘FﬁPFﬁg‘leﬁﬂount of first infusate to be infused from
t he plunger position and a total volunme of the
SYr9419€. An infusion system as recited in claim 21 wherein the infusion system

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

each of the infusion and removal receptacles.

25. A method of infusing a second infusate into a patient, comprising the steps

of:

determining a total volume of first infosate is to be infused; ‘-

ascertaining a period over which the total volume of first infusate is to be
infused; _

detecting a remaining amount of first infusate to be infused;

calculating time remaining in the period;

delivering a second infusate into an infusion circuit;

infusing the first infusate into the infusion circuit; and

automatically adjusting the infusion based on the remaining amount of first

infusate to be infused and the time remaining in the period.

26. A method as recited in claim 25 wherein the method further comprises the
step of repeating the detecting, calculating, delivering, infusing and automatically
adjusting steps until the total volume of first infusate is infused.
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31. A nethod as recited in claim25 wherein the
detecting step conprises the 15steps of ascertaining
the weight of a first infusate containing receptacle,
and cal cul ati ng the remai ni ng anount of first

wiorrhasgadies t o be i nfused fromthe wei ght of tﬁéTﬁﬁﬂwﬂmﬁﬁﬂ
i nfusate contai ning receptacle. 32. A nethod as

recited in claim?25 wherein_the deliverin
corfr | sésmﬁt@}ﬁ%ﬁqq@czgqqemggga E[a wheepd ?éet %n%ts%ﬁfcagllpnses the
steﬁmcl ApdTBidRO8 us of @6 tdt dolumed BirstinZGsanerteiinfused.

S|ng step conprises punping the second
i nfusate via an infusion

i o0 A HOBPARTDIS GRS R g5 iy b YuBlies the
ste;ﬁ;%c'ogxﬁﬁng Uﬁ@h&&m‘ﬁ@? oif ) fe%&ptdtdﬂcf MSich the &Eirdd lﬁiiusata gpecontained,

dasremtedlncllaT ﬁ'ﬁ tacl
and/\,hémmtmgt the tatat owhtmft af Ifipstaiafusate | taghes indpred 5Py fgefeceptacie
h EBr ses stopping and restarting both the delivering
Cagﬁ HPusi ng steps sinul taneously after any

interruptions. 36. A nethod as recited in claim

25 2fher éi methhé aseciserbinichaim 2y vdaeirshp AtpeEaiBipErstRP QRUprises the
Ste%?]{‘]g?m%ﬁs g P%??‘IS fhol!hsér Bﬁ%gﬂﬂda&def‘ hichend RdtSiMne of first
1nﬁ&@@64t63;41rﬁ’8§%€ﬂ/ USZOOS/ 033451 37. A nethod of infusing

‘an ultrafiltrate into a patient, conprising the steps
of :30. A method as recited in claim 25 wherein the detecting step comprises the

steps of establishing the position of a plunger of a syringe placed in a syringe pump, and

calculating the remaining amount of first infusate o be infused from the plunger position

and a total volume of the syringe.

31. A method as recited in claim 25 wherein the detecting step comprises the
steps of ascertéjning the weight of a first infusate containing receptacle, and calculating the
remaining amount of first infusate to be infused from the weight of the first infusate

containing receptacle.

32. A method as recited in claim 25 whetein the delivering step comprises

pumping the second infusate via an infusion pump.

33, A method as recited in claim 25 wherein the infusing 'Step comprises

pumping the second infusate via an infusion pump.

34. A method as recited in claim 25 ‘wherein the infusing step comprises

pumping the first infusatc via a syringe pump.

35. A method as recited in claim 25 wherein the automatically adjusting step
farther comprises stopping and restarting both the delivering and infusing steps

simultaneously after any interruptions.

36. A method as recited in claim 25 wherein the automatically adjusting step

further comprises automatically recalculating the infusion after any interruptions.
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delivering an infusion ultrafiltrate to a henofilter;
measuring the anmount of infusion ultrafiltrate in the

i nfusion system receiving a patient's renoved
ultrafiltrate fromthe henofilter; Smeasuring the
WameAE34108 renoved ultrafiltrate in the infudiCFAIS2005/033451
system and adjusting flow rates of the

del jvering and the receiving steps based upon .the- ]
reaSlr e dRBIACS TBR T BH R P aial cotprsing e steps of

ul traf i | diiaddel 4t ihfSioh QfitasiltRk BY.3eR0HAGI a

predeterm ned "desired pressure differential between

the i nf ustaswingide Pafw O inipsioraylirafilirate &y the igfagonpeysten;
met nod ag. &8k b infs kel ciftaktieleGioh 1o RBARMY | N9

step conpfi S€ ghing receptacles containing the
ul traf i | theminéng tBO aow of oaneysd pisefittett ih theghsien system; and

wherei n the netho u ' : 4
Fapeat | MEHEE PEE RS Chits o eRBLIRTE Pt SRpPhesed tpon the
metkiirddv eneehto bf gosive dnd rempadpalth@intte in the infusion system and a

predetermined desired pressure differential between the infusion and removed

ulirafiltrates.

38. A method as recited in claim 37 wherein the measuring step comprises

‘weighing receptacles containing the ulirafiltrate.

39. A method as recited in claim 37 wherein the method further comprises the
step of repeating the method until a desired ultrafiltrate is delivered or removed from a

patient.
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