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MULTICHANNEL COORDINATED INFUSION SYSTEM FIELD OF THE
INVENTION This invention is generally related to monitoring the amount

of medical fluid delivered by a pump, and more particularly, to accurately
monitoring the amount of 5 medical fluid remaining and calculating a flow

rate for compleje HeiManNeT RFSURISIRINPEN TE-BRISL-SYSTEM
BACKGROUND OF THE INVENTION It is known for infusion systems that

contain ml_JItiplg infusion pulgﬂﬂqg L"i J'ﬁfﬂ%ﬁ&l&ﬂ? a (.:en.trally

managed infusion pump system - wWifch pump and -monitoring 10

modules are selectively attached to a central management unit. The

central management unit controls the internal setup and programming of

the attadfiéd inisdtitssisaeneedbiviedatagd i mokiesing chn ationvdtond thedical fluid
Eaghvmadye is sarable ohheingAetached qu&&m%te%@ﬂgﬁh@wmﬁﬂsm of

unit. Due to inaccuracies of the Infusion system, that can be plus or minus
5B Mol 5TeReiniBR g e ribUS aHBEo thel fict &7 stith SapifavdRbtigy in a
(I'ebegrowesdiltioe wesaiptions in flow, a desired volume of a drug may

not be infused within a desired period and the infusion may be ahead or
behind schedule by, in gamefRERINARCHERTWa NS EliNicCian, i.e. a

person qualified in the clinical practice of medicine, psychiatry, or

psychology, must then manually increase or decrease the flow rate in

order to compensate 20 for these factors as soon as the problem is

recogniZ&# FAtERIPTBRSIRBEETR Pat A s Eals ialipppumping modules to
ingRIMRNIEeNeatANG delaystar hRaelieninnd AlisieianSyRBHVBHAS and monitoring
potentially negative tlhera utic eﬁ'c%r%ff the medlcatlon.ﬁrugg toxjcity

R SHE 6 SO BB oD RARRSREPEFE Y cFR SER R Ecment
thengrafdlsehiniusionl etgssurgrogedinmeigp nfptetinnciE Qodippaodeiveives and

C”&%?ﬁ?? Sei.A52 Al E]fabﬁé{ PEORIG i E%P‘Q’bi!:g DS 1Y BAY O from the
determine the exact volume of the bag. This is not a uIR/ satistfactory

apsroat maspgeEiaBhg must be carefully weighed in the pharmacy and

the empty weight of the bag subtracted from the total weight of the bag.

Differen@as i acaumeyesidhdosndiaiandydico/ eeation oy phe spedifis 5% or more
9r8¥é§yl(§9§ %%%%zigfag]cﬁ o%l%ru Ia%?m(gv sht{gg' & llill%ua%” orﬁgt&ol%g)overﬁll or interruptions

in flow, a desired volume of a drug may not be infused within a desired period and the

infusion may be ahead or behind schedule by, in some cases, an hour or two. The
clinician, i.e. a person qualified in the clinical practice of medicine, 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. Inmterruptions 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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result in additional inaccuracies. Typically, a clinician sets an infusion flow
rate based upon the derived volume of the solution. This method does not
allow for accurate correction of flow rate due to interruptions in flow once
the infusion is initiated and thus 5 may not deliver the infusion medication

totheciatidint twespivifidasiaty tidrasgaliof thet thltion ijiiislios BwaHy not known)
INfLGPY, th Qa&ﬁﬁ%@mgwﬁﬁdﬁ?rwemaﬁf&@tglmlMi&pﬁ@w 8t based

with a SIZ le volume of residual medication remaining in the IV _bag or

tuBIPRy eudeived melnménel BF ddetiPded Hrtharrdad e“éo‘PBFn%“%W for accurate
dissasdes shapataptina ekreptive ihadul dosehintefded byititeted and thus
clinician, thus reducing.the medication t 10 Ther fore t re h

o TRACHEE e B AL o S B T o A
tmmvpi&tancuﬁamslghm:séla memwmw@ m@u@@nﬁt@nadlp@ﬂmaaﬁs often left

times, SUMMARYRE JHEHINY ENSIRN, Briglv:and:ingene ialdermbitBehat must

present invention Is directed to an infusion system 15 that delivers a first

inPadehogreratiseniredmdaieafraid 4AlMpaiAe Sird S enRATFR] SR not Teceive

preferabina nestish 6o iR Sk estetoeipatientsdivaliogs Fiecinfusion
system also includes a measurement device that determines an amount

of UndeEreR, ISR SAIe Je ARG BeRHBRM SR BIRiHRC: medioa

infusion system includes a control system that controls delivery of the first
infufsaien amaix@nyﬂﬂe@cww%fIaf%ae?é?ﬂwﬁ%@fwme&ﬁ?mwednP§P0ds of
inflygate to be delivered, and input of a time period within which infusion of

the first infusate volume should occur. The control system also

communicates with first WWd the
measurement device to € an opumum Tirst Infusate infusion flow
rate based on the predetermined first infusate volume, the predetermined

infusion time period, and the determined amount of undelivered first 25
infusate Baiefiirind ingtnete) srams, Badresmt S Rionisirsntrdrlp daRiasten system

delivesdhefrstrinfusaiea! ARERIM YRR, o whrareilp, as6Qrdanae infusate,

with another aspect of the'invention, there is further E‘rowd d an, infusion o
syRieRsbbnfpRRIHg! &W%W%@l&@tﬂﬁfed’éﬁ\}& fifstBHsifpSystom also
filtratades & hemofiiemansirdibiiiensninssent davice tiatdelenmihdsst infusate

R e Euere . RN 2 A e] DR §hem

controls delivery of the first infusate, and that enables input of a predetermined volume of

the first infusate to be delivered, and input of a time period within which infusion of the
first infusate volume should occur. The control system also communicates with first and
second delivery devices and the measurement device to determine an optimum first
infusate infusion flow rate based on the predetermined first infusate volume, the
predetermined infusion time period, and the determined amount of undelivered first
infusate remaining in the system, and controls the first delivery device to deliver the first

infusate at an optimum infusion flow rate.

In accordance with another aspect of the invention, there is further provided an
infusion system comprising a first delivery device that delivers an infusion ultra filtrate to
a hemofilter, and a first measurement device that determines the amount of infusion

ultrafiltrate in the infusion system. The infusion system also includes a second delivery



10

15

20

25

30

device that receives a patient's removed ultrafiltrate from the hemofilter,
and a second measurement device that determines an amount of
removed ultrafiltrate in the infusion system. Furthermore, the infusion
system includes a control system communicating with the first and

second delivery devices and the first and second measuremept units to 5
BRI G BT AT FIBRHET SFSr e ASBH A hgecond

deternianed: ainotntsofdedusionsudtrafitcate e dremal ebirafirafitratatin infusion
the infusign system, and ' ir ifferential..
o AL o B o ns v
fittse diret gadosrdatdliviehyanideuicepriitighe Frsiae sspedsTasasivamtionDits to
there s Qpitlada methaeotinfusinga stiafusmie:, IdnoBRaliRNetermined
The clinician or the system itself determines the total volume of first

indERSN S 1AL &EPD Hﬂ?%%?ﬁrﬂ%dtﬁ%ﬂﬁz{ﬁ%fﬁ@fﬁ‘éf%fﬁnﬁa fREPF QL YIRS 20d 2
the-qaeradiafd timaieser privaldt igitfasitd thadrtikerotalvahfmtonf figl removed

infusate is to be infused, such, as. twe t¥'f%Hﬁ|qgﬁ4&§-A1%PSi ianﬁE or of
A HBET S S7 e Eat St e MRS
remaining amount of first infusate to be infused. A control 15 system

constanthPT LRt e BrrR uh sy P tidep Adgetof fhodsiesdisrHafusate
lajge vohaere pump dkMBideliveessihesersat! dofersdte e thrapatials of first

infusion line while ejther a syringe pum a LVP and.weight cell . i
OB, T TP A RAteE B RimieBR i Shduing the period of
priaferady wions tantieainet dutbiinatita | obulia s fiket ififssiols flobe fafased, such as

b%&%&f%&?%&&ﬁymﬂ %Qrﬁéﬂﬁu&k%ﬁéﬁtaﬂ%@@ (}59195 nfused.and 1§129 & targe

time remaining in the predetermined time’period. The detecting;

cateluatmyreiveaRgherBRRinafnanl ShFSispEsae Brérfaigpd A control
repeairdaRtikthe daahyelume ahiishintusate, iReiidaed:inyetp@iber The large
aspects, there is provided a method of infusing.an %[rafiltrate i%"[%a i il
PR BRI SnY th 8LEpe BroSORsing s h TS AL RPARR AR e while
hefaefiieyiri measwing Ve amouidhotilif esnbindtiafiihtedritth fmfndioate into
system, receiving a patient's remoy ltrafiltr filter, . .
mreﬁgs%egi rilgn?h e‘fe}%ﬁocug natrc% removed U %gl?l} rg%n%%ﬁ?ﬁ%%ﬁlgﬁé%ﬁrﬁ, %dr%gts the
adidisting flow ritckastche delivernyes dnnentcdeliridensps Haseiyshand the
the TReasuiad ARoRN R AERIMSIen ARd feraveddlatirate Hﬂl@ﬂ%ﬂﬂ%{ Siehvering,
system and a predetermined desired pressure differential between the
infoBisincats sbusing Seas Aieaieieiddy repeated until the total voiume of first infusate

is infused.

In yet other aspects, there is provided a method of infusing an ultrafiltrate into a
patient comprising 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 ulivafiltrate 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 ultrafiltrates.
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3 The novel features of this invention, as well as the invention itself, both

as to its structure and its operation, will be best understood from the
accompanying drawings, taken in conjunction with the accompanying
description. BRIEF DESCRIPTION OF TEE DRAWINGS 5 FIG. 1 is a
schemafig, vigw 9t aneyliciasnetseniinated infisidneystemitilt, both as to is

accordance with aspects of, esent inventi N ical gl :
frEFIS e APEAL PR cl)ii1 ﬁ’é?& ,eggr%%égﬁsﬁggg%ﬁ%éa%éagn gﬁskﬁignggwmgs’
beikg: puetpiaskitowittdmarooniyaaringiRsgaBdmine for infusion into a
patient by two infusion pumps under the common control of a
programming unit; 3RFHE TSCREMAOaEO NV IERERASNINGEamMmMIng unit
shown in FIG, 1; FIG. 3 is graph showing flow rate versus time in an

infusion session; FIGS. 4A to 4V are user interface screens presented by

the programming unit of FIG. 1 when programmi ' ' t :
wo diffeibht botrECESTRNG HEC 1 FIE WP G B e in
ofiirfisingeawitk dispdion irftale ratient iniGderchares wrditsk Hidsidiem o
SYIRMAEIGS: drAiiC, Qs asbemalisusal aspihes coebadmaptoino «
a muttichannel coordinated infusion system in accordance with astﬁgggsu%er the

theopraer Y RUBnivRETOVIRERIBIRISP MARPRICHERY T AT Hiea &

SQEEESPLfWE angRdaraenvelume;infusion pump having a weight cell;

the fluids being pumped into a common IV line for infusion into a patient

20 undet{1e,RTIRNERVIE) of feenammina iRl IR LT T are

user interfacé scréens presented by the programming unit of FIG. 6,

when programming the infusion from the twao different sources shown in

FIG. 6; FI. 3sganbehomig MBS S RRRE &b ddiment 6fa

multichannel coordinated infusion system in accordance with aspects of

the pres#imvientinAYshowirg remtval BIrenoBosatd dh Brogramming unit of

U“ﬁﬁ,{%%%&%@g%ﬂ;ﬁ%&%%ﬂ@i&m&a&ﬁw&m RiviQigRke@les shown in FIG. 1;

combinations, fof infusion in a patient under the common control of a

programming unit; and 4 FIG. 9 is a flow chart.of. a me s [ ot i

and re plﬂﬁlgsuﬁ : élnﬁPaW o8& 0% 4 me{gg\cll ol} mf%tn% | Qé%ﬁjc%éﬁrﬂ% rigpatmnt n
accordance with the infusion system of FIGS. 1-4;

FIG. 6 is a schematic view of another embodiment of a multichannel coordinated
infusion system in accordance with aspects of the present invention showing medical
fluids located in two different sources of fluid and a large volume infusion pump having a
weight cell; the fliids being pumped into a common IV line for infusion into a patient

under the common control of & programming unit;

FIG. 7A to 7U are user interface screens presented by the programming unit of

FIG. 6, when programming the infusion from the two different sources shown in FIG. 6;

FIG. 8 is 2 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 ultrafiltrates through large volume infusion pump-weight cell
combinations, for infusion in a patient under the commeon control of 2 programming unit;

and
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accordance with the infusion system of FIG. 8. DESCRIP'T'ION OF THE
PREFERRED EMBODIMENTS Referring now to the drawings with more
particularity, in which like reference 5 numerals refer to like or
corresponding elements among the several views, the multichannel

coordinaigd igysion SysiEm a¢CONG O SpeIAKCIOMMINTUSES R uitratiitrates in

predetermined volume of medication over a specific predetermined time
péfetdaine il ool eRdthBtFefapeutic agent over a 24 hour
period. The present invention will be explained by way of example
whereby a patienESTRIRIHON 85 TAIE e VAR EMEISES
medication infusion. It should be understood that such an example is for
illustrative purposes only. Typically, a chemotherapy medication is infused

over muﬂ@g&gg%@@%%ﬁgn&amﬁgy ‘gﬁgzﬁ?@éepm%ﬁﬂ#{%i%ﬂf&r?%%ereferenoe

infusion systems or Interruptions In the delivery of an infusion, the ]
infusRsiRlnaiElse darliker RitCOTIPARGIRDUIS B e BRNST T THFENvigYs. the
Ses5iannabhe PresRIt iRvMentinan;asldiosees thisquahkler amd illustiatite infuses a
embaodiments are provided below. In one empodiment, an accurate flui
aREAEHTRETEE HESTo PERERIBTSSD tyheBET ECHTTRRHISA Wl ARG such 2
volgotenihffsioieputhgHie Heisused svbeedthgerftdid transferring device

is controlled by an intelligent control module. Syringe pumps typically

consist of cyligderthathnldsia fuidthatkisiexpeligddyexddai RBNRING patient
plunger. The plunger is usually advanced into the cylinder by a drive
mERAIARSh thARTFIEED Y FGHHREEm¥cRIlSh rEPE e B JRardglpuid be

driver-head anievide & miatbvelsconsiantvpplspeieerdlpw. In accordance
with an aspect of the present invention, a means is provided for

accurate @E&iﬁgzga%ﬂﬁg&@%ﬁnﬁ%@u&eﬁmd% SRARHRISEABR lasting
a mi

period. Rather than programming a specific flow rate, a clinician 25 may
PraFahilars p B EOVBRPHERHS I PRTRSCATSHER £ SFERSTE PUTBIPARRS thehe delivery
Ev%?%éﬂ iﬂuﬁﬁiﬁﬂﬂe@ﬁxﬁgﬁtﬁ@tb@éé%wﬂ%mﬁmma ' i (R PABEGIERS the infusion
ased on the remaining volume, to be infuse the, remaining perio
forfiffiRton! AW EGatdRY LG ééé&%ﬁ%o%@gﬁ%{ﬁ%n@%@%&é%‘fg Erbpipents arc
angrstodibglef tHe systenbstiimtotcincanostardisd thatsfarght degise diorirgample a
infusiop. sugh as an.occlusion qr.air | 'nfﬂﬁ.h(g{bllli o SpMe, §§%d here th
other g%%%ﬁn% %i?glﬁ%gciﬁfﬁls%)ﬁ 1nar e(;lég?g%ﬁe momelﬁ%ﬁf;yzstopp?ds 5 whers He
fluid transferring device is controlled by an intelligent control module.

Syringe pumps typically consist of a cylinder that holds a fluid that is expelled by
an advancing plunger. The plunger is usually advanced into the cylinder by a drive
mechanism that includes 2 motor connected through a gear or gears to a driver head to
provide a relatively constant pulse-free flow. In accordance with an aspect of the present
invention, a means is provided for accurately infusing a predetermined volume of fluid
over a predetermined period. Rather than programming a specific flow rate, a clinician
may program a specific volume to be infused over a specific period and the system
automatically adjusts the flow rate, within certain parameters, based on the remaining
volume to be infused and the remaining period for infusion. The system also
accommodates for any chanpes 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.

5
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Typically, medication solutions are provided in concentrated form, and
must be diluted prior to infusion into the patient. As syringes generally
contain relatively small volumes of fluid, as compared to IV drip bags,
many syringe-borne medications are provided in concentrated form and

must bedilytar during.admipisHaioR. Theresentantyentianiaiayd must be

concentrated medications in a syringe to be diluted on a continuous basis
oIRGB B IRRONAICHT UK Tbs Ao WERSEREoEBH SHPLR S Uy el
lapgRMelusRETHUNME CoMPIrEd Go TS alyiawssf anmyltiphagnstweontidetéidns are
infusion system 10 accarding tq one. embodiment .of the | ion. T-

IR SRR, S BT G0 AR USMERARR: TR prosen
pliogratiomalbiepatienttuire mydientiosinil arsisiteatieribled ipn3. Sontianens basis
NBy 2 £dit: B0 RIS oSG GBIHAN ¥ ahink AR KPR JAGRAROTRIR Olume
he?eln by reference. The programmable patient care system includes a
pa&tiEm afBunit (PCU) 12 in combination with at least two functional units

14 and 16. The PCU 12 incorporates a control system and generally
perform&¥aut functionsfin thitiohties careimpsedimisiorovities 18 gpcording to one
Pysieal ALACHN G ALIRGYSICThL SRR SUSKARIMAHRIINE R9lesn 10
and be raﬂs; It provides power to the system; it provides an interface
bénwemacies aysReRATRAbIRaHERl YR RERCEIR CissIpaf 10 U-S. Patent
infesMaten;zandJt Prpsidessadnaieriyuef the 1996y interfage inviitpthisted herein by
system. FIG, 2 is an enlarged view of the PCU 12 h%’WQli)xia%thlacr;é &ﬁig'@fcm 1210
P PR RSO SRR PAIO R S PSP B S HSE sk be any type of -
digplayisich asth loldghictystabatitptal viitseldispia}cl 8Thay G Usethcorporates a
during setup and pperation pr ili . itj -
A e B e Ul i
asa degsiciatachrstitidiie TGS, @ gRereprach e mavalre BAsHARtded rails;

cop L%‘Qv?d@ Wity @fliarkay 53RNk sltkays Bk St dar @eteyingriaia external
and commands. Hard keys 20 may 25 inclyde numerical hard keys 22, . "
naSAisaMG FEOsR! ST EFT AL aﬁ%%m@%%ﬂﬁ“@ﬁﬁ@ﬁ%’?@&“&ﬁ mntertace
CAME e kY28, and an OPTIONS key 30. Other common keys exist

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

numeri Caﬂ’l@@iskﬁy Day Radbuhepdsedfenaptairgcnumeticatciatay includes

while the remainder of the hard keys, as well as the softkeys S1-

14, . .
may rdarsed o fiepisriy s arat Gk arsoimh R haisPiY $BthiS R BdsReR! display.
thefg.atR M Vigaa five seltkrysm Sk ondpdafial phedisplay taifives data entry

and editing. The display 18 may also be used to display various operating parameters as
described in relation to FIGS. 4 and 7. The PCU 12 may furthermore contain a plurality of
hard keys 20 and softkeys S1-514 for entering data and commands. Hard keys 20 may
include numerical hard keys 22, navigation keys 24 (such as up and down keys), an
ENTER key 26, 2 CANCEL key 28, and an OPTIONS key 30. Other commen keys exist
such as POWER and SILENCE used to terminate an audible alarm, The numerical hard
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 S1-85 on the left of the display 18, five
soft keys S6-S10 on the right of the display 18, and four softkeys S11-514 under the
display 18.
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soft keys 56-S10 on the right of the display 18, and four softkeys S11-S14
under the display 18. 6 Again referring to FIG. 1, there are two functional

units 14 and 16 mounted to the PCU 12. The functional units 14 and 16

are preferably removably attached to the PCU 12 and may be

interchanged with other functiopal units as described in U.S. Patent No.

5 715,556 R kst R Ao G B AP ) R e
16cmel shawn fimibha ubjta diffiedetdt monmpoéardfljurotionblvatitshwaipitee PCU 12
nsayporated ko he paierk cafe SYSIaMA0uTHe fI Sk LunplonRl ! Bhds N
preferably an infusiorr pump or the like. More specifically, the first _
funetibRad. ulis16 be presatapd e alde v dhnlmstinndraipih god 18 gseyshown in
wiifsa flowgateaf apRrRxinatebidRAQIn2000 6/ hidpdnese ifibarer iR care
task 10 of the first functional unit 16 in this embodiment is to deliver a

difiEieR %erution 32 into an IV line 34 inserted into a patient via a dilution
infusion channel (Channel A), in this instance, the LVP 16. The dilution _
solutionTheyfitet amptinmatranisol Gtirpselerrbly &hERMEPSRIAD SBIiRpAlke. Mo
and isdypically.cantained:withing recaptaRiR YEH A%aR Volag: 30udiieral pump
second functional unit 14 is preferably a low-volume timed infusi ump,

LE LN yIRTG B PPHRTBRRAR LR S LB SRR oS ATREY ek
14imthissienseadimantss dandelivansodnnasniratédivie didititonintbitioe BZ into an
li 4 vig a. medigation infusion chanpel (Channel B)..in.this i €pd ;.
oSS B R i RIS AR CORRREAS, in i

foinetacapliee 4 SRelfio ey albistion seyeiran THe Sprnyagtislsalytierserlipp normal

i %@Hﬂﬂ@ﬁﬂs {?ﬁyﬁﬁﬁc&@{%&g@ﬁﬁ a %&&Eﬁ@@k‘ﬁ@kﬁéﬁﬁ hiaying a

sensor 38, such as a linear‘actuator, to measure the syringe diameter

that is then used to determine, using a lopk-up talle or the like, the type of
syringe tHet FEH98H ﬁuﬁg%ﬁf%gp’éférﬁﬁl rea%?ﬁ%gaéqﬁgﬁr%%e%%em}nﬁ%mﬁ pump,
diswvietes mayrh@eepaniiity ievotimaey Tndrefay bowel dnigiothiepnit 14 in this
SYéIIxrx)tgoedsm\{\Qﬁ? itshg)saae v%rdéacmnegg{ 2 &%ﬁ&rﬂ% itﬂé) ﬁﬁ %@"ﬁﬁ@' B‘EQH& éam@dicaﬁon
clinician i1s prompted to confirm the syringe size as will 25 be discussed in
refafisiore RIGEUCRNRCE PG EDERGRIE MY TORMBIFDIE el deedication may be

MeASHEREBhAeK 6RiAARHC RS ampRCE WhidiRdiIRGasdas R ensor that

ascertains how far a plunger 42 of a syringe has |
The syringe pump 14, according to one embodiment, includes a syringe size
detection system having a sensor 38, such as a linear acuator, to measure the syringe
diameter that is then used to determine, using a look-up table or the like, the type of
syringe that is being used. For example a syringe having twenty mm diameter may have a
fifty ml volume. There may however be other syringes with the same diameter, so,
according to one embodiment, a clinician is prompted to confirm the syringe size as will

be discussed in relation to FIG, 47,

The syringe pump 14 may furthermore include a measurement device 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. 3,713,856) to



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 30 within the multichannel coordinated infusion
system 10 (see US Patent No. 5,713,856) to 7 accurately determine the
volme, g medisatiendemalning it theauinae S, deleminalon catuen o
be made tontinuously in real time if desired. In_use, the control system of

théepmunatopsaMhe MedeSSTRIPHSY fanetidiar dififssd: and 16, and the

measurement device 40 to determine an optimum first infusate infusion 5
flow r_at_e'_zb_a@dmoawtélsﬁmmeﬂthmtﬁldtiémmwema_\ﬁﬁétﬂmﬁgm@ﬂﬂ units 14
remaining in he svstem, 8 Predelesninad datimeR il BRINfsesk infusion
and a pl‘eéletermlneé infusion time period. The control system of the PCU,

5 1%ivematsoheesth eneafkniprataal cRIRERUAICHBASVEffeS LHppalg remaining in the

acqRIdinglyflGrRilna erplk domhdeyveiedsarsuspisiedined fyfidah time
infusion session. 10 Channel A | ' aél}y set o infuse a .
PR B PR S LS SR S g e fumtions]
soltionsaind ntadsterandg. flow rate until the medication is loaded and

infusion begun. Typically, Channel A, the dilution channel, is continuously

runto keeg thesly Jing'anen iaitha ok thissis neteprareqyisiie ifftison session.

initial flow of dilution is referred to as a m intenar?ce ig#fwsion 50. A or carrier
10 (iffERE oo ARSI EHITHOR W05 ats B TR A SR o)

begjniaflsiog simsHineeoksiynwith thdnstashof Aomesicatidrihinhesiontisn rioaded

Channel B. If the infusion of, either Chapng| annel B 18 INies

56385 %P%r‘f;?’ %%sc?h? CS{H‘ %aﬁlﬁ%lég Agé?ﬁﬁ%l f%v%)l% stop ghlﬁéultélmg%%bgé% ijy r.un t_o

Whesp the I&hiammiaipindt itibiaiih shipisagis m@éﬁeb&ﬁ%ﬁﬁ%ﬁh&@%@é@m is

PuUmRING ?amy ans Aty 00iansE 20T he cﬁﬁéﬂe%%?éd&éaﬁi&al RdiStow rate 52

the rate of the medication infusion (Channel B) 20_so as tg infuse the

15 rervmifiaerst Sostsd pRAEEIAMTRG FEUIERRBIVORAReWiHAT ek @ medication
remaisdarsef ancallatadpedeiesrninaddieline: Onascthe dadisadel B is interrupted
medication has com Iete#/tg; n infused, the medication.infusion cti@n th
R A BT RE TN ol L ) AL Rt When e
cogtiatiel thinfuisially meipterianstitid doth 6BaMESe A pAYiRg slinwdifagasly 60
Sc?n%'@ué%g greppnection with an:emhodiment of. 2r4ReHRYERIBn (Channel B)
Using FIGS. 4Ato 4V, an example of a user interface and control system_

20 wilbmewvibandussctisergmainder of a desired predetermined medication volime within the

remainder 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
25  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 programming 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 (S1-514 of FIG. 2) next

30 to a displayed function will activate the function or commend displayed next to it on the

display screen. "A" and "B" are indicative of the Channel A and Channel B infusion

8



10

15

20

25

30

FIG. 4A is a main programming 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 (Si-S14 of FIG. 2) next 30 to a displayed function

will activate the function or command displayed next to it on the di
SEPGEIE PRI ED 48 FSERALoPHHS CRENRbIR A Cong) B e, a
infidgienalSamedues] dendiesteddd the sisteniull. mbre redoledrapsed’ or “alam
onnected to the syste it ' defor,eaghe the
TR s USRSl e dsyecioseachs
dSitoasitsan kyyasbersacaanmazalidfinFiCs o Re Feemy b RRUGRY Hh gt FIG. 4B is
"QRlens haed keYs(efatnpenumaiat Qs G, 2 ihebereeogioptionsming
72 of FIG. 4B is 5 displayed. FIG. 4B is agrst O%tionﬁﬂé‘t‘fﬂ ]56%?;78(2)& key
LETGFAhEPEAOB R S SAR S PG A SPSPANSRGTE displayed on the
screerBY Prassing spaciz Akt W ibsaftkey MA4(FIG. 2), a second
options screen 74 is shown as per FIG. 4C. Options 74 more particularly

relevangig.infusion are BresamMroinFiG. AGalioprassingdhesaitiey C. By

next to "Multichannel Infusion” the functions pertaining to further, 10

SRS 1 HET R hETR i R R PR e IS AT bR p forter
intedaseifiprMultichanoshinfusianssidis interface relates to the setup

of the maintenance flow of the saline solution via Channel A. The system

defau |t5ﬁ%%}§ﬁﬂ@&ﬁg§ﬂ AefRlS fos thennaipiananasrirfusiornthldfiterface relates

clinician may then enter the desired flow rate in milliliters per hqur (n%!’)h
atpshowetun ol the JRinteBsaAnNe Of B8 TRIRRETARCR Vo0 Mpreysen
is\(}g}%trﬁl{f%V#ﬁtéﬁﬁﬁﬁé@ﬁ_ﬂﬁ%d?@ﬁdﬂ@ﬁn%ﬁtﬁﬂm ﬁgfﬁgbgnsfzﬂ]ka;linmimnay then
n n ||Vo Ume'tO‘ e'lr_] use " t eln ra e ee O
CRSBRJoHRE I o BN B e B A e S orempl

mainiBnanae: fluidtachd iofusadissniireas E0be nwingseshbovd keysi G wmessing the
The.soft keys nexttonFlushi o  Rrofile) may.he:pigaseddn.altes Sitre6 oy wil
the sk St |%%]%?The TE eratrodtl{é%l%g) (z‘erelnce number 26 in FIG. 2 "

mizey beplreds T dsivism ey vaRAR S|t W eRPRBRRIrTEuE R fRainionance

INiErfACe SRR’ 6.0f 3:Catirmesionowhe - CHITLIAG, ITRYRIR REGIEIRAIORIush" or
confirm t"he variables as a backup precaution. The '.'ENTElE%' h@ggﬁ%ls fard ke
adBmfresEey &5 ewnteth (e eien PIEE Qnihsk EEREEn. Fidte, Channel A %

is (pireMRconbRie IDERNEIE ) may be pressed to confirm the variables that were input.
FIG. 41 is the interface screen 76 of a confirmation. The clinician is again prompted to
confirm the variables as a backup precaution. The "ENTER" hardkey is _aga:'m pressed to

confirm.

FIG. 41 is 2 summary screen. Here, Channel A is shown to be delivering the
maintenance infusion. 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. 4. FIG. 47 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 being 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,land are displayed as per this example; i.e., an IVAC 50
ml syringe. The soft keys 57 or S§ may then be pressed to either confirm or change the

9



10

15

20

25

30

25 maintenance infusion. 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. 41. FIG. 41 is a syringe
confirmation screen. A feature specific to the syringe pump embodiment

of the invention as shown in FIG. 41 is that the clinician must identify the.
tyfsecordgamegs g 1 S80S TAS SRRt TS FETor e HI3Eh YHE Pate B Voien e
tranel i theRlunges30:anghihea siamates dfsheysyringaiarmgl) Iffthe syringe type

syringe type may be automatic rmined by the pump, as discussed
bR Al (HETATR: %‘Enﬁéﬁcgﬁgésn‘jﬁﬁ eij?%’.eex.‘, an IVAC 50 ml

syringe. The soft keys S7 or S8 may then be pressed to either confirm gr b
change The chniritedtet SyPIRGEEHE BamedealgRRrpHaR HRSpRSe v aIgh may be
interface scrgen iamonhishitheyuser mayinelest aeliftepeekesyeingiedypespecific
will be displayed (not shown). If the syringe type. is copfirmed thQ,TB . b
inteHmRe ShikSRE Yo e 8 %Igfé&e’rﬁlee c%%ﬁciﬁgﬁ is p?g]%g?gd to e:[ntéj'f@raly ©
therenedicationlinkisonfoitratentrticloinay odSufntedediyhy wigher pressing the
nymerical hard keys. If the glinigiareuiyl frafesde inf'se a-apeailiGiiniciam may
volf]ﬂrrigpo?rt %Wg%ﬁs’es \Sl(lt)llﬁl?mre of the syrir%?a, the soft &gﬁ Szglglex,t to "VTBI"

misgjebe tqiaBsedher ReatisenaH Nl BRhEFRRter MUBIHMEtCBEhRIRERS of te

°rsﬁ%ﬁétﬁeévﬂfﬁé%ﬁ‘gﬂhﬁﬁa%m@fmn eV (LIMETa). 208 AEIBI)" sctting
or the soft key S2 again, the clipician m%y sele%t%gqfuigﬁ%h%vﬁpgglew the ontion
cORE SR NITGE™ ﬁféﬁsﬁlfg FE Bt EEORE RT3 e 10 Syringe is - OF
evisippaethdyurdidn onext ftivdihs ssshowiiB. FMG. 4L. The "ALL" setting

may alternatively be set as a default setting. Pressing the S3 soft key will

select thg oplig, 1 IFRULIRG, Suration: ahdhisvusiontascarwA iRfd@ly requires
4M. According to this embodiment of the invention, the cIiniciarati\igjcal%Od As

retiERg AR EIRed SRR B DERAHEBI S AERSR GUaps hme P
predetessineciime perng, As A6 desstbeasisclalatan foffichdlentire volume of
clinician has selected to.infuse the entire. volume of th j . in

thd B G885 ve AR R i V%Yﬁgfn‘gglls(\ﬁfo e ?ﬁ%ﬁ%e%’?%é{eg qg iﬁ%-(f%n%%d’ _the
entiirscihe clesiraa timsiedititeviathronvadtivaldidyks yiof @ eapamnie & 24 gperiod
period as show i ! g eSS afukanibe st tiimad may e
théﬁﬁ%&%ﬁnn%ﬁgb%\fehﬁiﬁ’ggsgg%ﬁ i%flg%eio. 301N FIG, 4P the

clinittethasherme e ihetesired start time of the infusion as 9:00, The

system may alternatively be set to default to the current time and the
clinician TRWIG. 4P, the clinician has entered the desired start time of the infusion as 9:00.

The system may alternatively be set to default to the current time and the clinician can
utilize the up ‘or down hard keys to change the start time. A delay in infusing the
medication may be desirable in order to allow the clinician time to first perform another
task, such as administering a pre-medication such as an anti-nanseant drug, prior to giving

the chemotherapeutic medication via another syringe or infusion channel.

As described above, the medication typically must be diluted with a neuiral
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 32 soft key associated with "RATE", shown in FIG. 4R. A flow
rate, for example 100 ml/h, may be entered via the numerical hard keys. By pressing the
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utilize the up or down hard keys to change the start time. A delay in

infusing the medication may be desirable in order to allow the clinician

time to first perform another task, such as administering a pre-medication
such as an anti-nauseant drug, prior to giving 25 the chemotherapeutic
medication via another syringe or infusion channel. As described above,
th&3nsedti&aviemsoppitsdllyitiu St Bl dilhifetP Rt HRN GAFT SBRBRTOE A g tome of
Sf&iﬂ%oﬁféeru%@{&hém,tm patigit 400 561 uptbe il ¢haons! athestimate
clinician_presses the S12 soft key associated wjth "DILUTE", which .

ol Sp PGt 221 BT PSLA L BRSO R A T 8?2% K A splgon 1
ratRuafghie dilttion sedusienBoutiseontinfoiiintire ssksitheat 2lawftkidysound and both
asspciated with *RATE" ' +Adlo

T b e A L s R R R g e
sofyitey assetiated Toithoronte thaeddimion saRA e SEEIRth B SRR AEesses the
voligaerel- diliiiqn saliande hedaknsesl ofarmexanmplend AQ:mabrasorfiwNsiAnfused
FIG. 4S. Only an estimate _is r,equir%d as the more important parameterjs .
the mtiPaAu Y e RFRiSaI T ARSI (R YR S5 RS SJStem Fans
oufopbeitieriseluti @maanehlanmi witl medivdtiandricthr BlaehBl A and B

will simultaneously stop until the dilution solution is replaced and the

system regtarigd; T0 ¢opletedhe diution delaliamseR Redhevalitictas clinician is
presses the "ENTER" hard key (reference numeral 26 of E|G. 2). The, "
JilDERSPDISH 8 G K S B8tes HaTta RO S PRI SRS R aBS Psisife Fnter”, the
therefasecthe slawtimemanduwaiohase. tCafieshorsabthithsidiwitwth Channel

Channel A and the medigatign infusion Chanpel.B. ' .
it LIS T (10 CRER T R L A I B8 Brssd t view

promgitetoiptasethe sEaey Harddieyntd Jontals wrseseuipecRy préksiygtem they

Epteroqing o 6 Refs & dispipyede RS aAd BhaWSKey bel

thetolglf‘ﬁgﬁggl %%éﬁ%%nﬁ%?%éﬁ%sg&g% gk_#éme line. oe?tskeys assoqiate{3 ) O‘,‘V

WitHSEARE" chaner Kia By tRephas seaied EWnsr BRaNGEaTEReARG I FIG. 4V 18

sefpiaddiional ghanngipivens sennesied Ddhey siemrdhesylGaomiusing and

woul% bjé@gispla%gd. To start the_system re clinig ij%nigrgssse t;1nef S14
unning,

ke{PpasticasePrRERties T s JLHSM SoRLigR LR s 3t 9200, After

r € summary

screen 8§ incfckn. ¥y ishligplay sitbvA shpe b eatianephésrtseofmtimtemageeare being
flow will im iately stagt infusi n égg F@ﬁ&ﬁ tign.agether with the

dil '61rsleéo lrﬁi%o%?/&vl Xgﬁ yFBIelélﬁ}m%%rﬁagle at%:OO. A?‘Eer 9:00 the screen will

change to show that the entire contents of the syringe are gﬁing . .
FIG. 5 is & flow chart of a method 98 of infusimg a medication into a patient

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 drp bag or syringe. The clinician then selecis at step 94 the period in
which the total volume 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 carrer 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

fiow rate based on the remaining amount of medication to be infused and the time
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20 infused and the duration for infusion would 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

S%Sﬁa%ﬁ@%‘%ﬁ@' %8&%&%&#}%9@%&@&&@@?%&@&@ riQ:iheatiekme,
that may simply %

e to infuse the entire 25 contents of an IV dripbag o, . .
syPhadivTtag erRichan et daRsatetA! StE W LA Gt s i
velgme of medication is to be infused, such as twenty-four hours. The
linear position sensor 40 constantly detects at step 96 the remaining

amountﬁmgdiggg%g 1o R AILSRY. HBRISARNOLSYSIRM FaRS ANty according to

calculates at sl%p the time remaining in the predetermined period. The .
pemapheictvbrsimeateys OHRHRR trAPEAPI LHRAT FOMSRAIP S Gy system 18
w?ﬁg;glg CoINENES: %Jﬁﬂﬁlﬁtﬂlﬁeajﬁeﬁi@ﬁs&ﬁﬂeﬂllﬁjmzd saiio mér;tﬁldhanbodiment the
infusion circuit. The control system constantly and aut ticall jLst

P O R ER LR B IO RO e BB oh T i e R cont
agyeunt, ahthedivatioh t®Beimfucbdiondimentaired withimatning tagRé is pumped
predetermined perid..I. ing, ! INGIRG, IfksmO; stem
e R A P S A ki
mieliesstioelidesnfuseermab uE 3 dhts OMRIER Aring! cddramtateieieht cell 116.
infysionaystem dtonaseerding taibapotbabRIbadimentioh theginviatiah Radio
The multichanne| cogrdinated infusion system is similar to the syringe
pdipisRBOEiHEM Helchbed above. As in the prior embodiment the

present multichannel coordinated infusion system comprises a PCU 12,

includingreusertnstestasierhl Saech 1R 16 d5RUHen SOIRATI X RURRA VN 2

wighi isvRmRed:Hrayahdeiannel Aobyisheshafen oan Weight cell
Iin@%&%ﬁ@ggﬁg a {%%ent,tTheﬁ%ystem 1%fur her inC|li(9F

wigiom gl | R e bt cel
unit @1 ARBRIESH RIACASTEE A TGERIASIG P BPTSRE PP R TR it WalP
COmBINiGatasMawises ebleezrotemconm nadalion fegy. indrantes Resl joformation
Frequency il the ECRLAZ, Ise, 8 [RESPIRAP A fhedch A%, YRz, The
R TR A e e e e
containifigaaprecicationheas i¥sdependistitrony weigistesatinab augnaically by a
chinig '@a&%"?‘é?e‘%&ﬂ%%@ﬁ? fhe regepiaciedoherayspendahiemih a database in
Welgﬁ? cell (e.g. a commercially available 250 ml plastic solution bag), and .
entler T AmEGEvith the names of manufacturers of receptacles and the tare weight
of their receptacles, or the manufacturer may include a bar code or another information
device on its receptacle that the PCU may be able to read. The pharmacist may weigh the
dry bag and put in a bar code or other electronic tag, or the manufacturer may include an
identifier on the receptacle including the manufacturer's name, model number, and weight
of the bag in grams. The weight of the fluid in the receptacle is calculated by subtracting
that specific container's known tare weight from the receptacle’s net weight measured by
the weight cell. A tube 100 delivers the medication of the bag through the LVP 114

(Channel B) to connect with the IV line 34.

The processor within the multichannel coordinated infusion system 110 (control
system) automatically determines 2 precise infusion flow rate based 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 continuously and in real time if
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together with the approximate volume and duration of the infusion into the
PCU 12. The type of receptacle and hence its tare weight may be

determined automatically by a receptacle detection system 122. The tare
weight may be determined from a database in 20 the PCU programmed

with the names of manufacturers of receptacles and the tare weight of
thédeirede praetemcios tvs fASiiesatReonig LAkttt ad eudzert ifomiaEmal (as
InfosEHOR-AeYI¢6:00 itnLaceriae g ibaldtha RC MRy e akigdergask o water

The pharmacist may weigh the dry bag and put in a bar code or other
elBBifdNnie taflorthe B R b ARy TR RS AMOiRSRRFRr B i multichannel
reeeptidciedeltdiog thadsmabifactiher sysameahamdsiel nuonbeiindeaightes the
25 of the bag in grams. The wejght aof the fluid in the rec le .
AR R R R MR OB SRR e via hanne
thB aecepiagly' soriesumeightpitsadairentby! threopmstgin ofdhie Actgpleclo@r a specified
deliyens (e HRedicaton: 0L dheb g hEoHBRIN Sl HE 1A LCHARBRIR) (e system

connect with the 1V line 34. The processor within the multichannel
cobtamaieinden ey aesinfe oD BRtFHIUS P ARttt SRRy cte-
determines a precise infusion flow rate based on the predetermined total
volume fBhbdinfiiced uthe Afeaslitéd fhgidrfeighly, wotbthel Yiateatemdrihegnterface

in&&@ lp@ﬂoﬁ ﬁﬁ%@fnﬁ%ﬂ%%gﬁ%ﬂ hisSelarmipatRMRubeMadfove. 1tis

continuously and in‘real time if 12 desired. Inaccuracies due to different
specific st chafu ritapesl st I THARh AN 2 SRR Wi B cEliH O A o fferent
hayensresifeRRviieselosey heaherh et s imitahd Rasente wateston e, is

used as a standard) but may be taken into account by the multichannel

coordinaied. infsiapsyste h ;%%vae%éxcfﬁ%&b&rsli%@@a&m&%'% the weight

determine¥ the 5 welgrﬁ C e of the receptacle 118 and adjusts the

meelicentbedintersidqussed RORaiacrB AR sRITALY the fifstrate dHpeitdChannel B
d%l%g%xs%éhﬁé‘a%mésﬁm ReRaRRIacien 2 8RRGIHRHEQIIBENR #Cdelivery of
e

predetermined time period allotted for the infusion. In doing so the,sgstem

aUfSHERIE AT I5SRS 1BrEABHE PG IR BUERS: AeTpigd eriod of tme. I
constitienrsitsictht e fionasiosialad niia thbcandolitd dnaiprefet alitysienaoiabhy.
attached to the interface 10 unit PCU 12 and maybe interchanged with

other fungfional ypis; %edﬁﬁﬁ@e%ﬁﬁ’%e oSk Hndarsieed dhdint described

although two functional units aré shown in FIG. 6, a different number of
fusB¥hal units may be incorporated into the patient care system 110.

Typically LVPs need a positive head height to operate accurately. In the

weight FIG. 7A to 7U are user interfaces used in comnection with the above weight cell

embodiment of the invention. The PCU used in connection with this embodiment is
programmed in a similar manner to that explained in relation to the prior embodiment.
Access to the multichannel infusion mode of the present invention is atiained as described
in relation to FIGS. 4A to 4C and shown in FIGS. 7A to 7C for the sake of completeness.
A Maintenance flow rate for Channel A is set as described in relation to FIGS. 4D to 4H
and shown in FIGS. 7D to 7H for the sake of completeness. A summary screen where
Channel A is shown to be delivering a maintenance infusion is shown in FIG 71. By
pressing the S2 soft key next to "B" the interface screen 80 for the infusion setup is
displayed as per FIG. 71.

In a similar manner to that described in relation to FIGS. 4K to 4P, and shown in
FIGS. 7] to 70 for the sake of completeness, the flow rate "RATE", volume to be infused
13
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cell embodiment discussed above, the constant control of the flow rate
through Channel B 15 negates the need for a positive head height. The
arrangement above permits the delivery of the entire contents of an

unknown volume in an exact predetermined period of time. It also results

in the ability to deliver jointly controlled dilution and infusiop Solutions. ..;-a -
ﬁ@l"z%@@&%%@ﬁﬂ%}%ﬁ%@%hmg}aﬁfage%erﬁg H .
desatingd .ahayeird HPCIAm TWapeysanitterfichbs leeddn sonpewEbsrl ©
with the aboye wejght cell embodiment of the i oy The, RS esgaing -,
&Bﬁ%@ﬁﬁﬁf\;\v{ﬁhﬂﬂ'ﬁ% r%ﬁ%lgiépen? i€ rtgréfa}%%rﬁgg% similar mannerto .. .
{7l eixHecmed ibedlation:to theqsentamtrdeieatbyrBecsalfishpmpel coordnate

multichannel Infusian: Rede .l e PrRse Mdve B e inualaingthasrs and minutes
déscribed in relation to FIGS. 4A to 4C and shown in FIGS. 7A to 7%&9& in the

thraneiaies R EBrapRiteth 8eE oD 0N A RSHEn cd ol £SO RENREA 1S
Setam.dessuResinaalqtion e filSiSa4Petaiitonintshimow MGG DIrem the

7H for the sake of completeness. A summary screen where Channel A is
SheRRitls %@eﬁgﬁ%ﬁﬁ@ep%\s%%gl'rglye%gr‘ivc:eé%r}?\tfﬁ%?lén is shown in FIG 71. By

pressing the S2 soft key next to "B" the interface screen 80 for. the I%énéo Qto
setup iShsiShrapst Agibeioniiugipade ihrn Shii AR #IP descr ég
ingelaion e ie STdls. toM Ry ardishavensiskeFtE Sordlémitdsfor sneiséikecnf setup
completeness, the flow rate "RATE", volume.to be inf VIR
B SRS TR 51O DOFATTOR® S e S ##5%%%? S clnican s
STAFER"toT P AFNERRTed inofte e FhenprdgrBifming ofthepressing
.ﬂ%?éﬁ'jstgg té&t@%@é to. 1he sysiemdf iherntve yolmeRbthergcentasliors the
IS T0 be

Infused as evidenced by "ALL". This is because the flow rate is hannel
corfstantiyf dalbulredyAtra iRt ARG HaSo RN AR BSHIRARSH Ay (i, chanme
that 'Wéd&%s@eﬁalsnu@é%d JM@%H 'g@haby&%mambhap.of Tfofaﬁ;anﬂlnm}mlmﬂs were
remaining in an allotted period for the,infusion. T eight ' [To]n S
lGRABECHR tq&%gﬁ&@@e&m41’8@%9%%S@&&?%gi#ﬁ%%&eﬂ?ﬁi%%ﬁ%?-_Em‘m
kneundare weighsilrasy theore¢aPisRE's retwelghsysensbreciyafgunning, the

weight cell. The Cha ijution ioQ..i ibed if rolati
SRR s SR LR B St i
ofigomprpietenbasintntinfusiowissnmce difimutibiEerdiieleig tHifsing and the

preseniad. o, 1, SlinigipmAG RAET Gad s FEGEINIEEA t6 infuse at 9:00. After 9:00

this screen will change to show that the entire contents of the receptacle are being infused

and the duration would decrement over time.

The method of infusing a medication into a patient in accordance with the infusion
system of FIGS. 6-7 is the same as that explained in relation to the prior embodiment,
except that the position semsor of the weight cell constantly defects at step 96 the
remaining amount of medication to be infused, and the LVP and weight cell combination

infuses at step 102 the medication into the infusion circuit.

FIG. § presents a multichannel coordinated infusion system 140 according to 2
further embodiment of the invention. Multichannel coordinated infusion system is
typically used for continuous renal replacement therapies (CRRT) such as continuous
arteriovenous hemofiltration (CAVH) or continuous arteriovenous —hemodialysis

(CAVHD) and is essentially a bed site replacement for a normal hemodialysis procedure.
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prompted to press "ENTER" to confirm the setup shown in FIG. 7S. On
pressing "ENTER", the interface screen 86 shown in FIG. 7T is displayed.
FIG. 7T shows the infusion of both Channel A and B on a time line. Soft
keys associated with any channel 15 may be pressed to view or change
that channel's setup. If additional channels were connected to the system
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SiAselikeRelon: RTARF REE diesysiemiiasnsiartes Heping 14he amount

summary screen 88 in FIG. 7U is displayed. As per the example described
rhel R8P EPRO EATER, e ot CB O 41T ARG gl oo

Starilnsipgrrad iR Mitdisatiorblogbtiemadthihe diutidielyeluticevint. The
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remaHNg aroesdital wedicatiopad eRRDsediming thedhidiapdsveighit that the
cell combination infuses at 102 the medicatign into the infusi . ‘
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aceoyiliggntoemdnistof tembbdTRBAL BfisHamreantion ki arskeatmesicords of dialysis

cqgar]g%agggl fﬂﬁé@&x@lﬁyﬁéﬁ% 'é?téﬁn%/ﬁi%%&ﬁ%éodhs%ﬁﬁﬂp%zmﬁ leaving the

replacement therapies (CRRT) such as continuous arteriovenous

heawiistitr bR (6 AVIRSS balsREmIscaite MGFEIEINS SFRorIp R feprtrepirom 2
angiisressentialilai e deiRERPlaceree meiar, aag boal hemeeidlysislances are not
procedure. 14 Patients wjth chronjc rena] failure us#éal%make use of a 1 on the
N ATER S FRERIR s is! B BLUHHAT TeRRSTIRRTERR B VSHARA T thieo
paiigint,za8 fhertdis etangeaneanicdf duihsbiftd tnthele dordhprehchangesdialysis
assé/\S/SeII(I) as many physiologic changes that occur while the patient is

having Bis or her blood cleansed by a hemodialysis machine. The 5

procedure generally drains the patient's energy making himther tired a
ek SUU G LR BRECSUER Fhéto BrOm L REB A Balfe & B b

critisaliwdisPatinnicsdeattias aikert eannolaleratecthaiprocetia aktdeiressure to

blood pressure drops and.the I}%ve er siologic rcgble . '(I)'&) th

VR Sl A 5 Ry A O o rssue, e
patient receives replacement fluids. CAVHD is a modification of the CAVH method that
uses an infusion pump to move a dialysate solution countercurrent to blood flow, adding

the ability to continuously remove solute while removing fluid.

Both CAVH and CAVHD provide continuous renal replacement therapy, thus
allowing removal of solutes and modification of the volume and composition of the
extracellular fluid to occur evenly over time. Unstable patients, who are often infolerant of
the abrupt fluid volume and solute concentration changes that accompany standard
hemodialysis treatments, can usually be treated safely with CAVH or CAVHD.

The hemofiltration system utilizes a small filter that 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 circuit. As the blood petfuses through the

hemofitter an ultrafiltrate of plasma is removed. The ultrafiltrate is concusrently replaced
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CAVED) procedures were developed. CRRT is similar to hemodialysis,
except that the 10 patient is on the machine (the filter system)
continuously rather than for several hours at varying increments of time.
In CRRT, it is important to keep accurate records of dialysis liquids and

infravenas igwids, suiarinadReRsHRans IDe@mQuanaf dinuidslaaming piasma

the patient. Thatis, a mass balance must exist when liquids are drawn Th
a8 resrBetT ofRsiEnsAtith CaEvEr SRR N ARGHEgRH Rt 1he
Mg Reskkhineseilvighalancesaianeuid eare Miboig tatedlyHueped through

advantage of these thera 'es.isﬂt t they are less stressful on.th go V. dient t
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h%ﬂ%‘%ﬁﬁ%ﬂ% %%%Q&E@@s&'@%\wt the process is more gradual. CAVE
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typically uses the patient’s arterial blood pressure to 20 deliver blood to a
low-resistance hemofilter. To maintain.systemic plood pressuyre, the arterial
pationt BB eB LR Etore 2 e G R A
methos (HAV Uistsmaninfusiode pohiy towrighecalldianisbid sergtination modules 146

countercurrent to bload. fl ' Wi | Sne
AL S e o

rei).rdpiese iR rirenctppziriss DG G AINE B S0 Al BTt CArit Temoved and
m@&lﬁ&ﬂé@?}ﬁfeﬁaﬁty&w%%,qe@f@magsﬁi%ﬁfamaﬁﬁmwr ﬂhﬂd;&@od plasma
occur evenly over time. Unstable patients, who age oftep, intolerant,of, .
ati?f?ﬁ?iﬂﬁid‘%émﬁeﬁatéﬂffﬁ%?gﬁtgc]eﬁtr%%rﬁ &caﬁ%%% z#11"61975&0%ocrcr"‘lril:)dr}f?ﬁtytl%% and s |
stamidado e mediahusis:tréainde pisncaprusial| pdbectrecdteden ey thirblood to the
CAXED! GAYER, The emoliliaien svelen uilizes A Halbiliek akiitored by
hlé’l"?f pérmea e Water 30 and sma solutes, but impermeable to
plaThR15Eotains e lhtiddrvieanetisiadrG ok thevistodts. T mteristndduatiiate
in i‘ﬁ%%ﬁﬁc&&ﬁﬁ@ﬁﬂ:‘ Syt AsdhadipashpeniasssHieonh sienhiesefliete LVP
rafl

an ultrafiltrate of plasma is removed. The ultrafiltrate is concurrently

rephadals 1£5.using a fluid with an electrolyte composition that is either

similar to that of normal plasma or specifically designed to correct
abnormaliyedvinglse, it REURL Paterttolsee RefRonialiokt Eifeurcasrplgteliver an
a large; artety,and iﬁ'%‘n@@%&s Hpigaly pumReddaronghriler sieuidavie 146 is
thé'heart, a owing the patient's arterial-to-venous pressure gradient to 5

provigathmash &5 sererte I RENE S BREomh HesYurdhy TETETRS Hseameppt of fhuid
aCGHIRMENCORtRlsystem can be programmed to maintain a preset difference between the

two infusions to result 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.

Improved 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 fo overcome conditions
such as high intake and output pressure differences that significantly affect volume of

delivery or withdrawal.
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the fluid mass balance discussed above. In the present invention, a

dialysis filter 144 is connected between an arterial venous ("AV") shunt

on one side and two weight cells and LVP combination modules 146 and

148 on the other. The LVP combination modules are both controlled by a
single PCU 10 150. Blood 152 from the patient enters the filter and an
ultrafritrBte- P52 1RsntooEPLHTCEEHRNG RiTsrg s BB R AP B A0
binad;ieelutartempaneatsdehdbiondaplasiogiarateing. Avreplacesigntcell then
ultrafiltrate 158 enters the filter 144 via a conduit 160 and.is. mixed with
HEERE B 0h e By Sl oo e T il e
patientimh e patieats oftiosed|rbififianielis Jaeavot et fiemnd Tecioatidist ismofilter.
MR RBA R RE I 0iRk ROREALS: Hag oW RyRaH Hlerd Bk IKGIISS, A€ after

flow rate of the ultrafiltrate 158 replaced into thé patient is accurately i
cdttichiba Byrtruss tunbERbe Brmfilithery ¢Bisioatfien 30 sYafigsment is
soathe RCH:1BR:seRIOin et P nfadule ddSrimacalindtelyitater @ infusion
infustion into an 1V Jine b.asgddon %Ige flog/v rat%g%%r%}%} gré IE:VnP E%oql Cion and
1A B g PR R S AR 1 Ry i Trom the Tine By
measuekhglithdi trateun fTof flodthodthdaney. Theepsattdn Eanrité fhrodestradiniedision
t%ﬁﬁ@éﬁ&%’t@ %,@Jﬁ%%@&%%%%%ﬁ@ e +wo infusions to. result in an
accurate positive or negative balance. Similar to the embodiments

described above, since the fwo infusion modules 146 and 148 are ,
programirity B PREICHIRLTEEPT SH IR M PS8 RIS HRCYB gadsclosed
any deagary, iy 2opsdeaiperfodutageilliadsmstbgd pporoviag decedamiages herein
c e, ahil] ifher.a nositi jVe: pr e
R B e oo presnty
casrisimedemhvdision sobtberinvantinirurciep reclieigungigraintredatfg the details
PG okreantral-adkhs mudichannebeepisinatad infusion aysigpara dfims.
also able to overcome conditions 30 such as high intake and output

pressure differences that significantly affect volume of delivery or

withdrawal. 16 PIG. 9 is a flow chart of a method 170 of infusing an

ultratiltrate into a patient. An infusion ultrafiltrate is first delivered to a
hemofilter at step 172. A weight cell then measures at step 174 the

amount of infusion ultrafiltrate in the infusion system. At the
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same time the patient's removed ultrafiltrate is received at step 176 from

the hemofilter. 5 The amount of removed ultrafiltrate in the infusion system
is measured at step 178 after which the flow rates to and from the
hemofrlter are adjusted at step 180. The adjustment is based on the
measured amounts of infusion and removed ultrafittrate in the infusion
systefilanbviSpredetermined desired pressure differential between the
infusion and removed ultrafiltrates. The method 170 may be repeated 182
until the desitadiififsisinny Sony keafiratagds delivered or removed from the
patient. While the particular infusion systems and methods as herein

shown and didbigsisdivieraaailthredeliyesa papEUSITHB AR A LiAdRRRIgter
and providing the advantages herein before stated, it is to be unders ool_gql :
that they are%ﬂ%‘f%lf‘ﬁ?@%‘t‘f"ﬁﬂi?é%fiﬁ?écﬁrég%t%f’t%fgﬁeﬂl’em%ﬂ%eﬂr’%tsl s1on

the invention, and that, n&‘sleismitations‘are intended to the details 15 of

constitfBHSHIGHIESIN HEIRAT SKEWH: other than as described in the

appended claims. .17 CLAIMS: 1. An infusion system cam ljit%@gt' éirﬁgm the
delivery unit ?h%atcaiéfl?\I/e%nar%%fﬁg‘fghvﬁtr%fﬂ?ré?gttso r<'ftnﬁcémofipilter; 2 first
meas%remefnt device that determines an amount of infusion 5 ultrafiltrate

: emo 1Hter, ) ) . : o

in the Infusion system; a receiver unit that receives a patient's removed

ultrafiltrate frgmthe shemofiltera:second MeAUIEMERLdgYieedhat of removed

determines an amount of removed ultrafiltrate in the infusion system; 10 a

contro}, RystamCGMmURIsatNgwiththe delivery and receiver units and
the first and. second measurement units to determine optimum flow rates

10 toand from theshamaefiiembasednenithevdeiernihedamauhiseiver units and

28]
U

infusion ultrafiltrate and removed ultrafiltrate in the infusion system, and a
predetgitinadhale stathdpressurendiffenantabb&hmeendhpfmfusioficandites to and
removed ultrafiltrates, and for 15 controlling the delivery and receiver
units aftoardirgiyndfiMariffesionsystbmdasrevited dmolaitn of infieviein uheafiltrate
delivery and receiver units comprise infusion pumps. :
and removed ultrafilirate in the infusion system, and a predetermined desired
pressure differential between the infusion and removed ultrafiltrates, and for

controlling the delivery and receiver units accordingly.

2. An infusion system as recited in claim ! wherein the delivery and
receiver units comprise infusion pumps.
3. An infusion system as recited in claim 1 or 2 wherein the control

system stops and restarts both of the delivery and receiver units simultancously.

4. An infusion system as recited in claim 1, 2 or 3 further comprising &
programming unit for providing an interface between the infusion system and a

user of the infusion system.
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20 3. An infusion system as recited in claim 1 or 2 wherein the control
system stops and restarts both of the delivery and receiver units
simultaneously. 4. An infusion system as recited in claim 1, 2 or 3 further
comprising a programming unit for providing an interface between the
infusion system and a 25 user of the infusion system. 18 5. An infusion
systern, as reciteehifsbainy asy: oRe«f ik iprdaadiagyciaions’ trhereddineg claims
control system automatically recalculates the optimum flow rates after
any intdeugitions obeitblessthendelivenyatcthie receivdnignitbe Dptimpm flow rates
infusion system as recited in claim 2 wherein the delivery unit includes an
infusicitee coptacter fpricontdinitg thze idelision oftrbdikeatey shetieceiver unit
includes a removal receptacle for containing the removed ultrafiltrate, and
the first and second measurement devices comprise weight cells for
ascertaining the weight of the infusion ultrafiltrate, contained in the 10 . )
infusioh receptackeBRIThE FEMote FERHEfiatE EBhRiNEE Tt Fefiivary umt
receptacle. 7. An infysion system as rF%c_ited in.claim kAlf wherein thi .C %rotl the
systeni& RS Y WIS RIS ERTN G RS 8 BA A RTSBn Sy &ters
as recited jn claim 6_W§eér$in the weighlt of the i([f‘lfuslg;on and remov%ge
infiis g |

ultrafilff&tes Th tHeE ByRtdmIS IR rom the weight of 05 chemoved

the INfUSIOMANLIEMOVALIAEEPIAGIES 1853 aNEION alARch BhlBfie weight

infusion and removal receptacles. n infusion system as recited in

-claim 6.yh %@Qs%r%?té H@j%ﬁé% HReT CRIRRNSER B RERPIEGIRned in the

detection system for detetting the ‘type and tare weight of each of the

infusiog), ANALIEMVBIFECERNIACIRS. #2nd9ed ultrafilirate contained in the removal

receptacle.

7. An infusion system as recited in claim 4 wherein the control system is

located within the programming unit.

8. An infusion system as recited in claim 6 wherein the weight of the
infusion and removed ultrafiltrates in the infusion system is calculated from the
weight of each of the infusion and removal receptacies less a tare weight of each

of the infusion and removal receptacies.
9. An infusion system as recited in claim 6 wherein the infusion system

further comprises a receptacie detection system for detecting the type and tare

weight of each of the infusion and removal receptacles.
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