MULTI CHANNEL COORDI NATED | NFUSI ON SYSTEM RET F) OF THE | NVENTI ON Thi s
invention is generally related to nonitoring the anmount of nedical fluid
delivered by a punp, and nore particularly, to accurately nonitoring the
amount of 5 nedical fluid remaining and calculating a flow rate for

conpl ete deli very in a predetermned tinme period. BACKGROUND OF THE

i nf asi on purpi ng. moa Mg AR R AR BHER T LS on punp

systemin which punp and noni torl ng 10 rmdul es are selectively attached to
a central managenment unit. T EERtUREE] yEnpit unit controls the
internal setup and programm ng of the attached nodul es, and receives and
di splays information fromthem Each nodule is capabl e of being detached
fromthe central ement f ion
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decrease the flow rate in ogderchorsarpensat &rvidfiiokor these factors as
soon as the problemis recognized.. Interruptions In receiving nmedication
can result in inconvenience and delay for the patient and clinicians, as
well as potentially negative therapeutic efficacy of the nmedication. Drug
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clinicians use to dea he above problfemis to weigh the IV bag to
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Di f f erences |dm3}7aﬁa:u1ffamyflﬂafffctﬂt1§13§30 aPechgmadule is capable of being detached from the

central management umit.

Due to inaccuracies of the infusion system, that can be plus or xnus 5% or more

15  over long periods, and ether factors such as intravenous (IV) bag 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, ie. a person qualified in the clinical practice of medicine, psychiatry, or
psychology, must then manually increase or decrease the fiow rate in order to cdmpensate

90 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

agsure on-time completion,

25 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



correction for the specific gravity (density) of the solution (which is
usual Iy not known) result in additional inaccuracies. Typically, a
clinician sets an infusion flow rate based upon the derived volune of the
solution. This nmethod does not allow for accurate correction of flowrate
due to interruptions in flow once the infusion is initiated and thus 5 may
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i nfusat e umhaune shoul d occur. The control system al so comunicates with
first and second delivery devices and the neasurenent device to determ ne
an optimum first infusate igfingioRydroYHEaUeENEEERd on the predeterm ned
first infusate volune, the predetermned infusion tine period, and the

det erm ned anmount of undelivered first 25inf-usate remaining in the system
and controls the first delivery device to deliver the first infusate at an
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remaining in the system. Furthermore, the infusion system includes a control system that
controls delivery of the first infusate, and that enables input of & predetermined volume of
20  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 predelermined first infusate volume, the
predetermined infusion time period, and the determined amount of undelivered first
25  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

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



device that receives a patients renoved ultrafiltrate fromthe henofilter,
and a second neasurenent device that determ nes an anount of renoved
ultrafiltrate in the infusion system Furthernore, the infusion system

i ncludes a control systemcomunicating with the first and second delivery
devices and the first and second neasurenent units to 5 determ ne optinum
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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 bemofilter,
25  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

30 removed ultrafilirates.



FIG 1 is a schematic view of a nultichannel coordi nated infusion systemin
accordance with aspects of the present invention show ng nedical fluids
fromtwo different sources of fluid, a receptacle (fluid bag) and a

. syringe, being punped into a cormon IV adm nistration |ine for infusion
into a patient by two infusion punps under the commpn control of a

progr ami ng unike naviRleGure of thiminseritgr.gBdvel Bvihe iveRENIFsHr 2aREhE Wit shown
in FIG 1; FIG 3,is gra ' I hﬁﬁn' fifk: @Rwigdsusi on
sessi on; Structure gpgEs O%Xﬂﬁ%’}{}ﬁ \;ﬂreg& Séggwf%@?%%%éﬁﬁgﬁcgens %Iggesentlg% by the
progr anmi Rgteslit donj@fictioh Gith tharvesmpnpige dessiipiéprt he i nfusi on front the two

di fferent sources shown in FIG 1, FIG 5is a flowchart of a
met hod of infusing a nmegj ﬁﬁ%ﬁl@ﬁ?@% inefik Aineds accor dance with the
i nfusi on system of FIGS: ; I'S a schematic view of another

enbodi nent of a multichannel coordinated infusion systemin accordance with
aspects of the present invention show ng nedical fluids located in two

di ffergnt souregs pfs §lsetha@bhidn loAragamltichanmel ¢oofdisitah igfumign kptdomdn a wei ght
cell; the fluids being punped into a common LV |ine f.or infusi oto a
ati ent | 26cusnisere wHE oMo RY dih BRGInVETiBY GUP R i s HoRfighST R
713 are Ustleddibeiack MRACREMAS Alliedagyaidnesyiggliind pynpmi itk FI G 6,

when programmng the infusion fromthe tw different, sources srélgv\@ in FIG
6; FIG 8 command¥hanmisretion kw forinfision Mtpapatshydvedisigr PR F9t & nnel

- coordi nated_i nfusi F;%Dh%m%ﬁﬁo rdance with aspects of the present

i nventi on,cgs %\:}Mgﬁ%u%?gﬁ%@g an 5 repl acenent of ultrafiltrates through
| arge vol ume infusion punp-wei ght cell conbinations, f{@rl-i nfusion in a
pati ert0 under Fis 2doarmarzedyiew of theProgrBRBEE HAN Ry IR Fte: :

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 programming the infusion from the two different sources shown in FIG. 1;

FIG. 5 is a flow chart of a method of infusing a medication into a patient in
15 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 accordence 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 fluids being pumped inte 2 common IV line for infusion info a patient

20  under the common control of a programming unif;

FIG. TA to TU are user interface screens presenied by the programming unit of

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

FIG. 8 is a schematic view of a further embodiment of a multichannel coordinated

infusion system in accordance with aspects of the present invention, showing removal and

25 replacement of ultrafiltrates through large volume infusion pump-weight cell
combinations, for infusion in 2 patient under the common control of a programming unit;

and



HG 9 is a flow chart of a nmethod of renoving and replacing ultratiltrates
in accordance with the infusion systemof FIG 8. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Referring now to the drawings with nore
particularity, in which like reference 5 nunerals refer to like or
correspondi ng el enents anong the several views, the multichannel
coordinated | nks! 91 SYRLCBACGOE Hdtha! & x%ﬁ%vih?‘éﬁ@tr%@&'ﬁ%‘uﬁ%ﬁﬁra s in

predet erm ned volune of nedication over a specrfic eée ermned tinme
period, suectrrdancd 800 thelinfofiormsystearndth@rapeut i ¢ agent over a 24 hour peri od.
The present invention will be explained by way of exanple whereby a patient

10 under goes a chemyierapydiedraaid PRedirBtb ehmthaatten 1 nfusion. |t
shoul d be under st oo such an exanple is for t(ITustrative purposes
only. Typically, a chenotherapy nedication is infused over nultiple

sessions |lasting many days. Due to inaccuracies in sonme infusion systens or
interruptions Refeidig ot ko dreydradkingn withf et gartictlagty, i wdidnlieanefdoencear | y or
late b mn\é]&?agsurs by t@e end of th@ influsi n 15 session. The vgﬁr,e%ent

i nvent Pon & s S i 1L PHBTOEHISAGS | PORTTaTRV8E M ot 'FBht =%t eDBr ovi ded
bel OWi I'n @n@clﬁﬁmdffmatecﬂnnmi@ﬂ_r fseen Iaﬁb@tdilngattsftaelrimgum}/m_esesf ar
exanple a wejght cell in ¢comhjnation with, arge vol.une infuysiop punp
CIVB ) | PR iminreruph o PIegioa o QS fPLi PR e ST ot 18R By o

i ntel | i genipog SMbf LiheABitaBeutiO¥EdRBerRVAMSuipAbLal |y consi st of a cylinder
that holds a fluid that is expelled by 20 an advanci ng plunger. The pl unger
is usually advanced into the cylinder bg g drive rrechg.gi ﬁm t hat i.ncl udes a
mot or connect ed Bt RFSHR Arvguiem Wil be gxplaieed §Y pvayy o5, QEOREa yhesbh 2 AT a

rel atijgel Yine@BsdsantchiHbiR@ady eRdfckO of iRk CREdaRES Whkinanaspaid vef the
present invention, a nmeans 1s provided for accurately infusing a

pr edet er mivneerstoes Uiatsuelt anfaxampleds, foF Iystsitive BY@PSHs MY peri od. Rather than
programm ng a specific flowrate, a clinician 25 nay programa specific
volune to be i ThHeAN, @VAEmAhEMPSE nlddfal@l is0RMBAL otdiemeNbloeshsiotk QpRIp cal | y
adjusts the flowrate, wthin certain paraneters, based on the_ renaining
vol une t o MARY|GaYS S 18 ARPCEURCIPSSRBPIP HYUSHEY §Y8§0P 8F Infesrogensqn therfeligerst em al so
accomaal sy iisi ) thoGARAGE Shab e ShY b 1AG 13 H6hn 18R ) Srendl i citkRAN due Lo
ci rcunst ances that mght occuf duri’ng I nfdsioh such®™as an.occlusion or air
i n t hdSi nfsessionn Therpesont ihvantigo pddrgGesothisaproplemsed ilstpiéve ¢rabadiments n needs
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Syringe pumps typically consist of a cylinder that holds a fluid that is expelled by

20 an advancing plunger. The plunger is usually advanced into the cylinder by a drive
mechanism that ﬁlcludes a motor connected through a gear or gears to a driver head to
provide a relatively constant ﬁulse—free flow. In accordance with an aspect of the presént
invention, a means is provided for accuratclyr infusing a predetermined volume of fluid

over a predetermined period. Rather than programming a specific flow rate, a clinician

25 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 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

30  other reason where the infusion needs to be momentarily stopped.

5



5 invention allows concentrated nedications in a syringe to be diluted on a
continuous basis by a neutral carrying solution such as normal saline
solution supplied via a |large vol une punp (LW. FIG 1is a viewof a
mul ti channel coordi nated infusion system 10 according to one enbodi nent of
the invention. The nultichannel coordinated infusion system 10 10

i ncor porates appr. b Fidy ShittbBfork0 abd alustdbes cl osed
in US. Patent T%?&%%%%%Qt@%ﬂh%%ﬁ?&fssﬁﬁe mllzebrl}aryo 3, 1998,S which is

i ncor por atdiidtehriei o ibfnsios finse drcpaticnth Apsisigecsnsratelly pentdie felabishesyst em

i ncludes a patient, cam uni 12 .1 onhi I | ; tard WO
functi onal"*Ui? é’?fﬂn{gﬁlﬁ C%Bl.ﬁm(fﬁgy) g&ﬁ‘l‘%%ﬁc%@%&?% ?ﬁ%ﬁ%ﬁlﬁgs&{im and
gener al | y ppaidearin®ofcetiratiédiforni o gmish be Hsutpd divang adpeinristralipst ehhe Presept ovi des
15 a physi.cal .attachnment of the. emto.str punt i ng
pol es and "bvgﬂtl‘?“a‘iall%g’ 5 C?ftc"'l&?%e\?i Iaegdécsaé%&é? a%gmfg%ééj%bsqugﬁ Oilluafgbﬁ)l ?%I\llcgug/ggﬂ;n

i nt er f ace phetwee#l dafifing ysitbom snid aendrexhnalindehitvesppritd vieex begst volire cer t ai n
i nformation; anggit provides a majority of the user interface with the
system FIPEPELYVE:an enl arged view of the PCU 12 shown in FIG 1. The PCU
12 includes 20 an information display 18 that nmay be aga/ type of display
such as a |i quiFth.qriy s vzl ofiasmpilgohaniBheocoddisgitdinfution sysjenb &) epsedlingipiony set up

and operation _procedures to.faciljtate.data.entr d.edi-1] he, di spl ay

18 may al §81b8@“{9§fe89t e JPEpHY vib“’r SO {foﬁrgcynpa%r%a%regéelé% r}g%te%egocri bed in

rel atign tighoflo@Rs #pRpdmabEhrtBEEdelstom siilsr i émndisdordit A1.% Retept ural i ty

of hard keys 27(13_3and sof t keys SS%,;%%&NOE agbgr%&g%dat%ogp%datc&)%ndg Har d

keys 20 - D57 13850 B Fa8E e 1R W ke WL} JECTROR KeyE ™24 such as

UOtphand do%e}ggyes )Fhe ProgeNERI& SatieRGoaretsyEANGRIIdee Y pRftnt @nchurdn(PORTIIONS key 30.
er common

eys exist such as POAER and Sl %NCEIEhlrJ: %glétl term r}ate an
audi bl e alcamhinaifone with gk fepgt o HERGdioRE ity 34 r?ﬁ‘g Bar jP gg’é‘&?flf%? “ehtering
numeri cal éﬁ@ﬁyﬁé}n}é a Jeﬁ&aﬁfﬂ%foﬂﬁ?fou?fqn&ﬁ&s Roghe F!&%Mﬁcar@@st\%@l It pasidelie

sof t keys )& used for entering operational commands. In 30 this
enbodilsenta ghysice atischmontonfitiberyseimte sEestirgeessh sIVomowying pelep agd begiraily e
display 18, five soft -, b } nd four
sof t keys 51RTO8Hs ]i’,|°r5|'J éF(%(?’}%%ysg%é’?#gryg{la&% Afinterfdb %éé&é?e%n%e%es;&rmi ﬁig&%gb%ﬂﬁe 1,
there are dewoes wik ticoptabr eentpinsnibdnaiiod; a6 irnyervidasd neajorityi ef thewser mterfage
functional ynits 14 and 16 are preferably renovably attached to the PCU 12
and may be‘“{gh‘k‘%?ﬁ‘?g’nged with other functional units as described in U S.
Patent No. 5,713,856. It is to be understood that although two functional
units 14 and 1GIGrEisshenarged viEwHE tha PCY 18ishéwenr mriflGnlintbbe PEY ¥irdudenal

FUnct i Bl aranora st Aoy o o By B aRT HpE S ftkCadl & £ e agplfle 111!
speci fi calty di 18I the8t bef wsBE Hintapadetvprind ofiGaticn ppocefvreslol fycilitateatatpeeriay | une
%a; ﬁp t e{)?l qﬁgﬁg@wﬁe I’Tg; p;?sr&l\é\;/' tlgggawfaks%\%eru%éf tooc{isp?@pgagéés”c%tegﬁ}{g %Qf%ctte% agOOO
described in relation to FIGS, 4 and 7. The PCU 12 may furthermore contain & plurality of
hard keys 20 and softkeys S1-S14 for entering data and commands. Hard keys 20 may
25  include numerical hard keys 22, navigation keys 24 (such as up and down keys), an
ENTER key 26, a CANCEL key 28, and an OPTIONS key 30. Other comimon 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
30  this embodiment there are provided five softkeys S1-S5 on the left of the display 13, five
soft keys S6-S10 on the right of the display 18, and four softkeys S11-S14 under the

display 18.



10 of the first functional unit 16 in this enbodinent is to deliver a
dilution solution 32 into an IV 1line 34 inserted into a patient via a

di lution infusion channel (Channel A), in this instance, the LVP 16. The
dilution solution may be any neutral solution such as a normal saline
solution, and is typically contained within a receptacle such as an |V bag
36. The second ,functi onal it i I I W Bnkd i nfusi on
punp, 15 such A$“HT ?I“ﬁé%%g%r}ba’%ﬁéeﬁ%g’?%%@%&ﬁ&ﬁ%%?éeco%d unct i onal
unit 14 irpathis Bdyeckitioritonits 14 snddd dre preferabbiorumemblpaiedheteiditecal COR2 i nt o t he
IV 1ine 34 yia medi cat | Lnf usi an_channel nnel . B) ;14 I Syl Nstance,
a syringe PUHAPLE ! %eg{]ggﬁiogkﬁrm%cﬁglgalgﬁnfsga%scg e%%uéj'$'nnpa;t%i§qd)'form
for exanpl%71a,s5heHnd b et apduntol thg @hkough bveo Byctiongiemnits ipaidl]6 @egemdiing to one
enbodi nent, _includes a syrin si.ze. 20, detection system havin sensor 38,
such ad a Hfinbe d’gé’feﬁ%l’tl‘ﬂ%?er g%‘?éﬁ%‘lﬂ H5RAY §? ?%8@0%’1%63&&% © tg“‘tm@lggat hen
used to dey@eqiipe, using a look-up table or the like, the type of syringe
that is being used. For exanple a syringe having twenty ram di aneter nay

have a fifty vol une. There. . howev e.qt her syringes.wt he sane
di aneter, so, n&@"cgﬁfiifﬂ’&t‘PBﬁo‘fPét%oaﬁ\éﬁéﬁx g’é u?tﬁl?ﬂ 8?‘%% Olrgﬁ%rh \cé)%rfpt&gécfet 0
confi rm t hges$iidailfoMe Firdemagiontl tniR36ds giesaatip adlaige vobkmd paenteal PGp 41. The
syringe pwugﬁ 14 may furthernore inc ugg) a g@ﬁs renment deyj ce.40 ?ugh as an
accurat e (TGP Wb @iflovoricsd sRPpRty HO04 ﬁé‘iﬁo%l?‘gf" PPIRGE A2 of a
syringg hag gl uelee ofd 4 QWG Rn{tashRer is th@LRbil @Riod 2olifitat 32tin@vel to
reach the end of its delivery stroke. The plunger position i%ﬁgﬁhﬁgget her

I

with the SYrinegt disorted igiapipaticnt Fie SELEM BESAR Fiehnd! KELFRRP

coor di nat QQ%AII@@,‘I@ B@Pﬁ%ﬂ.s TROARich SEREMCmERAbE My NoralSokiltidn 8RB)ashormgcur at el y
determ ne the volune of nedication remaining’in the syrlnge. Such a

det er m natskidre soltion endrisdepicaiytcontained within g recspiacle fyph ap pn o 8ag ¥

The second functional unit 14 is preferably a low-volume timed infusion pump,

15 such as a syringe pump. The primary task of the second functional unit 14 in this
embodiment is to deliver a concentrated medication into the IV line 34 via a medication
infusion channel (Channel B), in this instance, a syringe pump 14. The medication may be

any type of drug in fluid form, for example a chemotherapeutic agent.

The syringe pump 14, according to one embodiment, includes a syﬁnge size

20  detection system having a sensor 38, such as a linear actuator, 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

25  be discussed in relation to FIG, 4],

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

30  within the multichannel coordinated infusion system 10 (see US Patent No. 5,713,856) to



In use, the control systemof the PCU 12 communi cates with the functi onal
units 14 and 16, and the neasurenent device 40 to determ ne an optinmum
first infusate infusion 5 flow rate based on a determ ned anount of
undelivered first infusate remaining in the system a predeterm ned vol une
of fluid to be infused, and a predeterm ned infusion time period. The

control systemesf atdigRCHe1%olihenICaBliEmbs tRanfkow fdt 8smgd. thenfanctional
units 14 and 16 "accordingly. FIG 3.is a, gr_gﬁh 44 of flow rate 46 versus

time 48 i rieterminstiomngan bpmads eontiaossly dnreal tpge irfesiteh] A is typically set up to
i nfuse a pharmacol ogically inert (neutral) or carrier solution such as a

sal i ne sol uti ony, ale, Me BRIl §RRACT thd POV 1 At@nitifiidates the treeflibeinblomits $4 | oaded
and i nfusion begun. Typi call¥, Channel /A, the dil.ution channel

cont | nuousty 1unnd (e RAeRITRREY {57168 flbto- Jsmmn® Ay PHBHEHITHIPLERE BRIioY

prerequ Sifi®y ratbibSsel Mntd @terfiRW Rioudi bttddenvdid fiRf BRieR feMamsngdinngé Nt enance
infusion 50. A different predetermned dilution flow rate 52 15 on Channel

Ais set tystaghpredeiengdied yobme kol igfusidt adiuedsfemineg st at i on
infusion 54 '8@ %@C@)é}ﬁtoégfstah; oft 1€ PORf B8 cQrofi th BEw Chiad Beihe AuRfiofdnannel B

is interr e or any reason, both Channels A and B will stop
si mul t aneowdts 4 amhEectdrdingliannel that initially stopped is restarted, both
channel s restart punping sinultaneously 60 and 62. The PCU 12 automatically

adj usts the ratf0f id NgafPa 66569 Bath 16 YSis@NihCARRNE bypRal iA@iciOsediorl 0 i nf use
the remmi nder of a desTred predeterm ned nedication volune within the
remai nider Qlanngl Agliy bpically petedtetoe infisset PPUMRELSICHY aneth &ncyEral) (B FaFHSEi cat i on

nas compl el flbn BERL: LIl %gluti%rh% ABALEMEOo BB chanagby aubpRati cal |y

stops 64. ‘The utton channe annel A) nay however continue to infuse a
mai nt enancandiinfusion dag®6. Typically, Chaghebs), thadibgion\ehagnel, iin centingeuslys@indens used

in connectj on W . an_enpodi ment.. .of i 1-00..: WS 4A to 4V,
an exanpl &<6p 1§ I&?@F P?ﬁleraﬂg%%ﬂg%lg lscr(%)ﬁfl %%Feq‘ls]{/g}s%m 1\%’“{111?&1)?8&@{%?5 1%%“01% bed.

FI G 4A i srerid@kdasy agheiatcs ihfisidresd as diffent predat@mifdd dlutien flowrggSanmi ng
screen data 70 is displayed when. the infusion systemis. ei.ther . .running or
when tive s%pg?ﬁnie]sg‘dﬁr%\ﬁlq g?ﬁm AOLSIPE SHPHGRSO ya‘%gieﬁigr%?n Ptlae@%?%ggi ng a
soft key (igfusidad40h dikfael B) 1nex inf@noofaitiir hveebd o ChairiebB indotdrruaiedi vat e
the function or command di spl aﬁgd nex t%]?’it_]gn t he isﬁlpl ﬁy me@. "A" and
"B are indi ead &5 Y r6asen0Eh BRI o drERa Kk PO SIHF BETOSHY- §

connect ed éhlgnﬁe*ﬂﬁla%ﬁfaﬁmtoﬁﬂedrﬂ&){e@dﬁéﬁd%@@h@h@s £RRASOIEEhg (sindifAgectYigiiem  an
additional lTetter would be displayed for each nodul e. The "vol une i nfused"

or "al ar m 4nd¥2ndbe PCUUReniomstcay adivsidirdae ghie Medvatnm inusion Selfns! Bt he soft
keys. | L @RS ipEl G 2
eys. By pJoe%Sﬂgggfuw&e fén%p&eg?& ah%r igedﬁ‘?r)éde(térﬁir{l%&‘%ﬁ%ﬁ:a%ﬁfé%lgﬁée 3tk 6 )

the screen o I ons Bis 5 displayed. FI is a first
opti ons i niemnindere of anedlvtF®  pradetenmived Reriodpt Coees theo desdied| medieptinar kas

ti SR : i 1 VW .sof t Kk
e (Fia SppghEed ARl A BeahaRn P RAETR] RahiRaly S Bcihosol( KEY

dilution channe! (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 ddrmant or not running. As a general rule, pressing a soft key (51-S14 of FIG. 2) next

30 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

8



Options 74 nore particularly relevant to infusion are presented in FIG 4C
By pressing the soft key Si next to "Miltichannel |nfusion" the functions
pertaining to further 1Oaspects of the present invention may be accessed.
FIG 4D presents an interface 76 for Miltichannel Infusions. This interface
relates to the setup of the nmaintenance flow of the saline solution via

Channel A. The systemdefaults ta_enteri the flow.r 0 e

mai nt enan®edYis eEneEd P e@wt‘?‘ﬁl'c?%rpl‘??ﬁﬁmfrﬁgﬁ aé%f%%ne?tﬁ(gggetﬁsﬁ ‘E‘}és(fgjflagw rate in
m i litefgiuRah BeWrwdad bdlis@aycahorBadhméduG. ke "vehmeindmpd'eor ina

mai ntenance flow rate of 10 mMlh is entered via th(% ﬂ?urre?i cal hghl%l keys. By
pressi ng londnes fiuncrans of epmppfis-maysigo-be accrsted i 1he SPEXGYSt (Y PHFI0E R

i nt er f ace$aHae hatfierefetice Al 40 D@12 BloayReh ofdptiond TofEHIGNMBIRY ent er
an exact or approximate volume of maintenance fluid to be infused, such as

1000 M adispansdn FIG 4Bisa fatoptions inferface RGaR e dt nyIgber of QRIFPNS §UCeBINg: i | o may
be pr esse%nglgh%ﬁ% %;fe{] &ﬁag@& oh MES8 38! By NESsing iR "PENEEBOVNT shikey 20

(reference& nu _ 2) n%gl be pressed to confirmthe vari abl es
t hat wer eST4n(5U®. 2) serond leplienstsereet Tt is shienneas e idEn4G6 of a confirmation. The

clinician is again pronpted to confirmthe variables as a backup

precaution. The ENTERNakakady SiAd € iRfass et fresceeafia MG, F.GBy4l is a
sumary screen.” Here, Channel A’ls shown to be delivering the

y D) 5
mai nt enangressingfthssadirkey & npxhie "Malichamealusion) Ba fmsioepsHpaine i g“ﬂ“ﬁ%t soft key

S2 | te ' cdRtiofs D30 ekecsGE€EN I ndication is pressed,
di splc@;li n% egﬁﬁ%?%eg@g@ﬁgvm n CICG 4). FIG 47 is a syringe

confirmation screen. A feature specific to the syringe punp errb&gdi ment of
the inventi on 6. 4hewentnanAnterface 76 for Myltchapnel lofisipe ARis piefacr ad#tS 1y t he
type of syri ' Lftink SolHERENE TREnP AN Thesysabke Of
travel of%tthgg%tfl ﬁgglrg Bg%&g?\aé}@%ﬂé&ggat%;e? o? the syringe ‘b_arrel};. The
syringe tgsfaultey cheriagitherfi ted foy themeinienpiecd itfsiome Theglinicias naaysbeissed

above, and ar i S ed.as _pes.. thi o ; A Syringe.
The soft %@fstﬁesge%% :f%tae;‘ntnﬁ‘glrlll t%gb%rhgss:eg ?%S %??ﬁ&ﬁ?dh% ??nls%fi m(glﬁ’ange t he
9 detect gehabydniangdloype of 10 nilfds sntercdgie theypeerisal harddreye dBy pussingiber f ace
screen trom which th er, select. a diff L nge. yne i be

i Spl ayedsHBD SRbn I CrRane R Biely RRELIR e Al 2
shgyvn in _@S?ﬂyqdi. sn?: Silcaeday \&I}/(Ii]t_er ﬁi EXHcC bragppeimate mpllgenb dfonainteeancd he I
medi cation infusion flow rate [ m nt via.the nunerica
har d keysﬂuiﬁfﬁob%@f‘@%ﬁi@‘i%ﬂogﬁyﬁ@éﬁ%‘P%’Pé’%@ﬁg&infrsgé&g&gﬁ@@%ft?gﬁes dhe or the
entire voh e@fma_tyhﬁe WhdedoR, altdh@ider bf iRYe Setifnext The "EMTBR" tmy kbe
pressed. e clinrcran may either enter a volunme to b% i n'L_Aszed, _or, by

ei t he20 pr Gsfsrange rurebendh in HIG- & mea e ey toronEFaine ol REECTOIPYr ¢ he
sof t Key B 3RiMine kbl S RbIMRnfiEhAh, oo likeg id AfirefoihReoNt ent s

of the syringé. "Infusing the entire contents of the ) .
confirm the variables as a backup precaution. The "ENTER" hardkey is again pressed to

confirm.

FIG. 4I is a summary screen. Here, Channel A is shown to be delivering the

25  majntenance 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

30  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

S



10 syringe is evidenced by "ALT] next to "VIBI" as shown in FIG 4L. The
"ALL" setting may alternatively be set as a default setting. Pressing the
33 soft key will select the option to input the duration of this infusion
as shown in FIG 4M According to this enbodi nent of the invention,
the clinician typically requires infusing a predeterm ned vol une of’

medi cati on _over a. predet ' i e | deseridednlcd thel ation
to FIG 4E?teftﬁ‘is351nigﬁi@F'a?@a@ﬁg%%gg?ggﬁédg%% usé&téﬁee entire v_olcume of the
;sKri n?_e. _ Egeriumgwet 1ebdredt;‘ﬁha'eﬂgagk_ixtga§ypewml¢>h dishlayahinbrbovol Jfrﬁl hleisgﬂﬁﬁ? yee :c nf used,
e clinicgian_enters. sire Vi nuneri cal har eys, for
exanpl e a'% nfiged. B@ﬁ?@%ﬁ@%’ﬁé‘%ﬂﬁ‘%-%ﬂ%‘%ﬁa By pressing the 34 soft key
the start time of the infusion may be entered as shown in FIG 40, 20In
FIG 4P, the cirhatigiidm isasmpredar edertthemddisitiondnfusien How rate YOHECk B Phf usi on

as 9:00. The system may alternatively be. AUl L, hRsd Ressdig ent tine
and the clCriETEi 4h ﬂ}?awnﬁ%l“f?li%@?ﬂ% 3%%&&3%% ‘%g‘lrl%%{;eys £'0 ghanSe the start
time. A debRind & inBfaagienglidneofvihdisyanieonhensaft bey 82gicxtalol &V THL" opddebe t o al | ow
the clinician time to first perform anather,t Wl ring a
pre- medi c &GS stREIf %laﬁﬁ’aﬁﬁﬁ%‘qﬁﬁtﬁ%@iﬁﬁmﬁ%l@? %%krglt%?)yﬁ)g’ ‘“’3?‘8. Iﬂg Sglg tfe
cherot her apeUly & dFREIICH fnoMent Z08a DIRED) of yiei sofj&ep K2 perfin Shorlingdienmey . As
descri bed above, the medication typicall be dil d. w utral
sol uti on, Sglﬁ%tﬁod@%%men@?mp?qn&mst% %ﬂﬁ@%ﬁhﬁsﬂgt eee%saI? ieh ‘“'5@1‘% tgegt up the
di luti o %W% ebifGicEd bt MiTaheRr @S VIBI REshGAR i BIC. 4keyThasaddi' atwog wi t h
"D LU'I1 Ich displays the di]ution i nterfa@g% Soﬁtr een.]ihegwn I n EI G 4Q To
enter t he nidyolematieelnbe sehws adlefault SEHn ofEsiignhesy oy il seeh PeiiPE®es the
S2 soft key; ' Wby RAVES shosGHRIGIMVEl G 4R A flow rate, for
exanpl e 18%1@‘/5@88%{5 e ént ered via the nunerical hard keys. By pressing
t he .o . .
According to this embodiment of the invention, the clinician typically requires
infusing a predetermined volume of medication over a predetermined time period. As
15  described in relation to FIG. 4L, the clinician has selected to infuse the entire volume of
the syringe. To input the period over which the entire volume is to be infused, the
clinician enters the desited time via the numerical hard keys, for example a 24 hour period
as shown in FIG. 4N. By pressing the 54 soft key the start time of the infusion may be

entered as shown in FIG. 40.

20 " In FIG. 4P, the clinician has entered the desired start time of the infusion as 9:00.
The syster 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-nauseant drug, prior to giving

25  the chemotherapeutic medication via another syringe or infusion channel.

As described above, the medication typically must be diluted with a neutral
solution, such as saline, prior to infusion into the patient. To set up the dilution chanel
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

30 the clinician presses the S2 soff key associated with "RATE", shown in FIG. 4R. A flow

rate, for example 100 mU/h, may be entered via the numerical hard keys. By pressing the

10



53 soft key associated with "VIBI", the clinician may enter the approxi nmate
volunme ot dilution solution to be infused, for exanple 400 m, as shown in
FIG 45. Only an estimate is required as the nore inportant paraneter is
the flowrate of the dilution solution. If during the infusion the system
runs out of dilution solution, an alarmw ||l sound and both 5 Channel A

and B w | l__si nul t aneousl.y .st nt . Lyt 0] i i |.aced and
the systemrt gtﬂ(f? (asEpoieeg ‘%‘ml%ie’ t{n%}gﬁx@?i%ﬁa ncngglt%tglp ltr?kfs?%%%g?lﬁﬁﬁeﬁ
clini ci an getssetutiones bENIER, fdaranMey0( mk keshewodn Righds aPnBnehtimie 2) .
The dilution solution is infused simultaneodsly w t he,. i i op, and
t her ef or e 1t F@”g?‘g?ft PRI AARPTE R erdﬁgh?ﬁ W%%?ng% E&@%ﬁg@ﬁi&di ution
Channel A @Ay tleen#iEidh Rtdygam intfsumi ondiltbian seilitidd, ad BEnGwilldund aahbetht er f ace
screen 84 for the Channel B set ug) wher e . H}e | i.nician i.s {orr&)te to press
the "EAt erChapegl & pad/Brvgll sypiliapspu 1Pie‘"‘“’§’é’t"ﬁi). eB@“B%%"%‘FWB i85 ERiagyd a0 hy
interface ;§8e3hewiidd) FloGeonfihibit IheldapicRy Sslution! &etupd thes biisiad Ipgesseaf tsi on of
both Channél A and B on a tinme |ine._ Soft keys SSﬁCI,ateg_@%/)\ll th.either
Channel mFNERS haeb ket FeleUP TR0 Ch Y. RS GO L TP
addi t1 onaly;,gARBGLE WA Go GRARARKCE Berblas Y 5@ MrichaN dukforl 26 tisauhd be

0 e

di spl ayed. star systemt he cl i nician presses the 514 soft key bel ow
" START" . dncloth the d8ysanethaag Asang theggedi¢atinn fgusian{ehaanfhBary screen 88 in FIG
4V is displayed. As per the exanple, the maintenance flow w !l imrediately
start jgnf usi ng paRdst D, BEGA icRlneadst RrCihid B hansivhest encimadias ison wi | |
only begin to infuse at 9:00. After 9:00 the screen_w || change to show
that the emeripted topteanths "Bter'Hard ey Hyeonfie e siep: 2BY PHPHRE dEHAT: the
duration f,or . nfdesk . OHE! 4l e infusidnl dBbof Eandelf | OW
chart of a”?tﬁléflfm%oég %ﬁ‘g’éwr?fﬁgﬁﬁgﬁgﬁ%ld.@g?t ?grslﬁﬁlsttg a patient in accordance
with the iAtusBen syst Eme. dedtkdybessociblod svithrritheritbommel Baypemessed I VigKe
clinician or. the stemitself, : i ] tep 90
t he total %SPWﬂ%c%&Féﬁeﬁ hlﬁﬁdgjf&?lglc{hgﬂrg@gs ‘?n \ég%n |%?{)@%Eg§%§ﬁ nt that
may simpl tod@ohld Berdfisplyed.h&o enttithesys@h the wlisias prfsea thel 34 dpit fep hejowr
syringe. The cljnician then selects at step 94 th .08l | i&h: the
total vol U%ABTTJ néi‘?céé}l“? %t%gﬂsosg%@dirﬁ?%%gl}e §%ﬁ§§§g@%g§ lﬁi?%rzﬁ}thdgur s. The
linear posiidpif38d.S BRPEF thé Qx&ANG trad inbiteslexice dlow will istnediaBly sthre infesing aidng
amount of nedication to be infused. The. control stem constant |
cal cul at edhamedicgtipndagathce withipe PEPIRECT Wﬂ{%y%%/%@tlﬂﬁlﬁ? ?’Fegcal&i)eﬁtgd. The
punp del i eEhe Rt scidef PwiliOG abdreroN@iely filat BRI dnitiRy cednet dOMhe | spfimpeaiie HidgV | i ne
while the syringe punp infuses at step 102 the nedication into the infusion
ci rcui20. Thivsasomtthy dusstion doniefypier HRidfeaRBeR YIS cal | y adj usts at step
104 the Channel B infusion flow rate based on the remaining , anount of
medi cation to besi BfuseRvalitidie hblBd 98 SMMirMiNa ddicRfoninpde paton med
period. the detecting, calculating, delivering, inrusing nd ?djgni}sﬁti ng
steps 92- kodordanse rwifhe dreeiafustonstyaism) deschedi $boyhand shoyrn Vbﬂfi%e bt cation
|5 1 nf USedyinfel.G o Sl S8GMEIE e Bk bEB0E ackAAREN @ do irefital RMluifiy s em 110,
0 re th

accordi ng Cgi ano odi nent o e invention. The nultichannel
coor di nat adedisafios itlon istesbeinfissd Fiteritieapatipnt thifemayy simplyebepigripfusnBisdingent

descrijed above. .As.i.n. the prior i j |
coordi%at é‘&nfeﬁﬁst?giaﬂﬁb iy e%%gﬁ%nr%%ggglgéz%n& %&?%‘??Eg%wr%w aEHc(:3 n??% system
and a LVP yiich Ble! total @Biusel aftrhatvalan totottzi inbidedyistdh @ Bventy\lourapu86 ke punped

tsgg? grgnh Chh%ggregl}osﬁ;\iog%ergsgreﬁi (\:éﬁ)lstlaxrlltiyode?gctsl a\{ SJZGIP %% 641'31%. '?u%%casn%gnttocf r@edﬂ:%ﬁénent . The

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
30 IV line while the syringe pump infuses at step 102 the medication into the infusion circuit.
The control system constantly and automatically adjusts at step 104 the Channel B infusion

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

11



10 further includes a functional unit 112 that conprises a LVP 114 and a
wei ght cell 116. The weight cell comunicates via wired or renote

comuni cation (e.g. infrared, Radio Frequency) with the PCU 12. In
use, a receptacle 118, such as an IV drip bag, of unknown vol une but havi ng
a known enpty or tare weight containing a nmedication 120 is suspended from

wei ght  celdmakmind #Bthe r&ietd&hﬁlb@-@eﬁcmpl gﬁl deyecinglg rtbjcf‘da&ﬁg talememg,ammmg,e to be
suspended from t he V\Blnggt cel |

I vai
pl astic sdh¢idiehingsgys H&%ﬁfﬁ@?ﬂéedt%ﬁtgp &mﬁ 1EB*ﬁ‘ HQ e‘ﬁf‘%‘ﬁ“f%e
appr oxi matg,ngl une and duration of the infusion into the PCU 12. The type
of receptacle and hence its tare wei ght nay be deternined autonmatically by

a receptacl e detection syst 22. The tar det e ed froma
dat abase in 20Fihed prepenty 69‘P§] 1P E‘S H’\g‘ﬁ@gnﬁﬂ?‘%rﬁﬁaﬁcﬁ@?%p

recept acl eaoROEnlRGintcA 6 WBliRRhH. Tﬁbemmnaeﬁeatoesimtedqmmhe sywmfisact ur er
may i nclude a bar code or another infornmation device on |I§ng?§)ecep acl e that

the ECU hﬁyﬂlbetfatb‘F evringe Pl S eine i 4eSTRREADO Yy AGAE PR 628P4F R and put
in a bar :p Gt HunRhRe tf(':lo?(ﬁﬁeﬁéarlhﬁls15@9jsteﬁf coklpBis e P a2 UndHdiBY cdoel ude an

identifier on the receptacle inclu |n§?at he manuf acturer's nane, nodel

nunber, amyBEM| aghita %P dp. t%ﬂ@agolpﬁapng FAREINEIRER GRH VA28 396lS PEIRPEE i n t he
recept acl bien ClERlL 89 BY 1 T8GR Vel DRLoRBACI [d £ &%HE 2iTRetysfemk nown
tare wei gh e re eptac e’'s net weight rreasured he wei ght cell. A
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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

25  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
30  system) automatically determines a 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

12



10 unit PCU 12 and nmay be interchanged with other functional units,-as
descri bed above. It is to be understood that although two functional units
are shown in FIG 6, a different nunber of functional units nay be
incorporated into the patient care system 110. Typically LVPs need a
positive head height to operate accurately. In the weight cell enbodinent

di scussed ahove, the constant._.control..of the flow rate through annel B 15
negat es t S”f?élea“af’f)urm%esé@% ?CE M&reﬁeﬁ’ac’iﬁ%%{@s %@mgﬁ%ﬁ?@%ﬂ@nﬁ%&@ permts
the deli vergst eedichtfonanfids R1ve GpicERt Gadfiesatloddni paw.cv al st inesam exact

predeterm ned period of time. It also results in the ability to deliver
jointly cOMETO 8ddis atsteash P FraYs Poriaken) i B‘f‘fg?mFl? © E%étffga@eiir e

equal |y appbafah 9ni@oh Res¥Bi 90! T byspiDadisigptantiesasdiyediahmes . thaOFI G 7A
to 7U are user interfaces used_in connectjon with the above wej g‘g] cel l

: t
enbodi Arentweight ekpags afprecepiacla s wid adipstsdhs medieniiqn (PHeR tRie e Chfwel
enbodi menty &&01%0 4 AR Efnfletd dBlveR of BOE G entsQf (iltAkceptibledbieghetifled €l at i on

to the prior em ment. Access to the multichannel infusion node of the
present i Yokt orihd predatarmined dimgpeded dlfatedprite iplpign Briloing spy bssysER t 0 4C

and shown | @nﬁ@x re}%j’ﬁ‘stiﬁ)lrg&i&ﬁ%f ﬁglgo@ o AUarhQ PRIE LENBRSs, &2 A Mai ntenance

flowrate for set as described in‘relation to FIGS. 4D to 411
and shown in FIGS. 7D to 7H for the sake of conpleteness, A summary screen

wher e Channel ZAh¢ Binetippahinits 16endibl4 e profgably ragqveldy atieced Wit ingwlars shown
in Fl G 71, BpcRf BSsh ?&ykg?%é%h&g&fewiﬁ%ha%ﬁcﬁ}%l 'ﬁggs,ams&m@am@.emr een 80

for the intusion setup”is displayed as per F . 30ln a simlar manner
to that desbeidsdetsiood tiet atthenghttyoFrggionaiikunite aP shayyidins Kb, indiffest 77 to

10 10 DAoL SR ek M) SR (0, be i voeo

uratron o usion time of the
i nfusion "START TIME" are entered into the PCU 80. Thevg og{samﬁ ng%éof t he
flow rate i s n@ypicaliytli\CRd need atpositivy beadrheight fhepeeate rocraed. ulpethe fwel

receptacl e j ?mﬁ@ggntiﬁ]s%H%g?ab%% %}Yelt %%E'tﬁr?t%op%?}"o‘fl e Flow! BeStio %}Pgﬁefﬁﬂa% the flow
rate 1s conStantly ca cu“°1ae %y e multichannel coordinate
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 infusion solutions.

FIGS. 2 and 3 are equally applicable to the weight cell embodiment described

above.

20 FIG. 7A to 7U are user interfaces used in connection 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 attained as described
in relation to FIGS. 4A to 4C and shown in FIGS. 7A to 7C for the sake of completeness.

25 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 7. By

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

displayed as per FIG. 7J.

30 In a similar manner to that described in relation to FIGS. 4K to 4P, and shown in
FIGS. 71 to 70 for the sake of completeness, the flow rate "RATE", volume to be infused
i3



5 infusion systemthat divides a calculated fluid weight by the nunber of
hours and mnutes remaining in an allotted period for the infusion. The

wei ght of the infusion fluid in the receptacle is cal cul ated by subtracting
that specific container's known tare weight fromthe receptacle's net

wei ght neasured by the weight cell. The Channel A dilution infusion is then

set as described in relation t, AL SHeEW -8 ERES. 7P to
7R for the' SleeEHIoR g F%ﬁ@s@lﬁéﬁoﬁﬁ%ﬁ%ﬁ%@#ﬁ% conefsl F et i on screen 130
IR ¢ L Dbty g s
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screen 88receptElaGs calenlpted by sbirasiag thahgpegidic COMANESKRATR e g e hE

in relation

to the pr {‘69%?@??;&%@%@@4&9&@@ﬂ“‘g%@%ﬂf low wi Il imedi ately start

i nfusing an ication together with the dilution solution wll

only begin to infuse at 9:00. After 9:00 this screen will g 0 show

that the enti rBrec@mprshisdibion Hlusionds Hiegspigs &?Séﬂbe@iﬁﬁéd\é\gh%tg e éghﬁ2 Eqne |

dur at i,on eIRAGS O¥ielio TRMRyr the sake JiNe@niphdidiesk. ofan Nffussomeptep

medi Cihi(?i oggﬁkgéﬂg&%ati ent In %ccordance W th the iﬂlféﬁj j o(r,j]ﬁ,hsy tem of PIGS.
-;Sjrsi e

6-7 is theondimeticussotebmmi30cis Hheaipresantettorthe GG 5Pt ﬁ%ﬁ‘inﬁsent, 25
except that the posit.i s kNG WRhehihoegl ih EIoNSiSantdry peetiget s at
step 96 tﬁgn}péc%ag)nﬁﬂﬁés ;Erri%ﬁ%? %cﬁgldr%lc‘afi otrlllgtqob_e i nf used rﬁnﬁ'tot he, LVP and
wei ght celENTRRbithainiteriacsd pirernel$ showstia R0 3T tih dispiayrde aFiChry i PHOSStthe
infusion circuit El pre ; j biBied GRAT iyib@e] | nf usi on
syst em 148TSHELTRH, ChEE ‘gﬁur1 eén %ﬁ@%ﬁ%nr@re%qﬂ f(()‘c“:‘yg?‘f?;s"eﬁ?nventi or){@I\/UI ti channel
coor dijpat ghyigf pieised 16 yRient bisnge thay phewiel'sy saiiped If alditent chuges ¥eéhal

repl acenent t herapi es CRI%! such C o] L linici
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14 : Patients with_chronic.ren ailuyre I .af. _a nor nal
hermodi al ySFBEMEYFEEEY Fe D ﬂé;gﬁir}éldifgﬁgead‘ s}‘%??rg}?]e er éﬁd‘%‘ffﬁgéﬁ? Pef?%nroﬂtt e
patient, as LBer &nb®liRenk AheemaARERke Glowl hill dnbiiftcly sad iefusingraldythe changes
as well as ny physiol ogi c changes that. ng#{g .vvhcil thgg@%t Lf‘%{{]}t 9_i0§ havi ng
hi s oQOhemeBicefamt@E%@ﬁM thy, dilting privfion Wi BB R BTUSPHe 7 5 U p O CE LY e
general |y i g5, LREHABLLS B RASROV IR kiGN BLoptdcloade didg akd Such

C

side effects™are even re pronounced with patients who are critically ill.
Pati ent' s atdthedsratidt wonld demrenent ov@itidi®e t he procedure as their bl ood
pressure drops and they have ot her physiol ogic problens. To overcone the

extreme naturerof negy 'iﬂhﬁ&g%,m&ﬁ&ﬁ%%o § GAMH ianecEAVMED)ifhacatisors wer e

devel oped. CRR:F IS Ssimlar to henodi al ysis,  except tf}?t t he .
system of FIGS. 6-7 is the same as that explained in relation to the prior embodiment,

25 except that the position sensor of the weight cell constantly detects at step 96 the

temaining amount of medication to be infused, and the LVP and weight cell combination

infuses at step 102 the medication into the infusion circuit.

FIG. 8 presents a multichannel coordinated infusion system 140 according fo 2

farther embodiment of the imvention. Multichannel coordinated infusjon system is

30  typically used for continuous renal replacement therapies (CRRT) such as continuous
arteriovenous hemofiltration (CAVH) or continuous arferiovenous hemodialysis

(CAVHD) and is essentially a bed site replacement for a normal hemodialysis procedure.
14



10 patient is on the machine (the filter systen) continuously rather than
for several hours at varying increnents of tinme. In CRRT, it is inportant
to keep accurate records of dialysis liquids and intravenous |iquids
entering the patient and the anmount of liquids |eaving the patient. That
is, a mass bal ance nust exist when liquids are drawn and replaced froma

patient. Severe clinical problens,. and eyen death, may occur if these fluid
bal ances are n&ttents wih &hy Cyre?qirgfﬁihg?élﬁq H8 d‘%?ﬁrﬂfaf’géowfg?@%%ﬂ?ﬂ%rapi es
i's that theke@hs HegSdslykiessdfith very diffieuloeshthapdieny avinde iconirgamsimt

treat ment "as ocgposed to'three to four hour hermgi al ysi s, sessi ons. The

goal of teédkidplaiednd elsctrolyts peangemn®s well Ad ARBYIP W%lg%? chaggey BahotHE bl ood,
but the prgoesg. B%egpf @ kb hdeAUddt &Rl By a HEBSdiAIAGs pAtiigNt The arteri al
bl ood pressure t c?el iver blood to a | owresistance henofilter. To

mai nt abn yeseéut eeiskdlydirpnebe pHisI S RE ) M BEIIPOEHTR &G WiAka cBRRNES £ | ui ds.
CAVHD TS 350000 EIGaLOR pRholdits (N BBLIAG dGlicHBEn. Bkl itaRBNTP {0
nove a dial'ysate solu “8n"Count erclirrent to bl ood flow, adding the ability
to conti nweust jolaamheeraotiure as il bleod pivervieriyors anfl ghey Baterp ISAVRYSIORICAVHD

provi de continuous.renal r Eﬁﬁ%n k val of
sol utes aﬁﬁobh%mﬁ'figa?ﬁegﬁmgf Jf e Vo %ﬁ@gﬁ?&%‘?ﬁ%&%% w?ﬁﬁg%cel | ul ar
fluid to aXVEDEpmiotdorawersre titvelpednERBB ie sipatal énhamodighrisaprcepf he
intolerant of the abrupt, fluid. vol r.at.l hanges t hat
acconpiny P§?%6Ba?‘ﬂ&‘ﬁé?f§hﬁ“3p§% fd‘gertslyétglg %g%%gﬁﬁé%rﬁﬁgﬁfgﬁfgﬁgg@{aﬁgggg @saf ely
wi t h CAVHvaryirfgAvEBmedh of freanfn CRRALE Brimpyisine m keep héanege megrimb] diflykis er t hat
is highly pernmeable to er. .30 and smal.l solutes, but..i rmeable to

pl asma pr SAEEH &N AEFayFReUs HaudserlsmD ardi Ratght aflﬂgh%%%l&g{’f'llhagy‘ﬁi lpgve tﬁ% pl aced
in an ext rai&er A8AEA] a MhfsDalahee MistleRBt RhaDTqpey freigesmt hdasdicet ionhenof i tter
an ultrafiltrate of plasma i s renpved. The uItray&l‘%S%glhl%tl g concurrently

repl aced patgnhgSevere dlinigalgrettioras 2 eer Aentl, ey O5HHS e A her

simlas tQLRgl BfnNel Ml RvARIR d?r'che%@ﬁﬁ}a%gie@?d thitc tHEEirg NeelsteRsrEI06 @6t
abnormalities 'n The individual” patient. The henofiltration circuit

connects &ofivend psavidsr sondmpuy diepined goepnesed ippihies) 1oy baye dempdislysih t he
circuit b)gests e heart, allowing the patient's arterial-to-venous pressure
gradient to provide the pressure to drive the system This system however

does not accurately control the fluid mass bal ance di scussed_abaqve.
The goal of these procedures is the same as hemodialysis, to clean the blood, but

the process is more gradual. CAVH typically uses the patient's arterial blood pressure to
20  deliver blood to a low-resistance hemofilter. To maintain systemic blood pressure, the
patient receives replacement fluids. CAVHD is a modification of the CAVH method that
uses an infusion purmp 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

25 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 intolerant of

the aﬁmpt fluid volume and solute concentration changes that accompany standard

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

The hemofiliration system utilizes a small filter that is highly permeable to water
30 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 ultrafiltrate is concusrently replaced

15



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
conbi nati on nodul es 146 and 148 on the other. The LVP conbi nati on nodul es
are both controlled by a single PCU 10 150. Blood 152 fromthe patient
.enters the filter and an ultrafiltrate 154 is renoved and contained in

recept acl ;6 11di@AYh Y RBkyRLOAsbs&Rh kit Arei8 QRN hat Sidridl 9e6mA| asna

proteins. A replacenent ultrafiltrate 158 enters the filter 144 yia a
conduit 16@ aprdificellyyidesignad th corect separualisies grota prividvd prbtéi ndbBef or e

{£LUr 9 LGRkANRE A dodB 1B LERY g b 0 506 sbonlbiiahi | L7 at e

154 renov romthe patient is nonitored by controls the
LVP nodul ethd 48¢uit iblyetive Seart.t dllowideothe rpatients farieral-taiveneys | iressee egradi@it e pl aced
intot pati.ent is accur refled by Pelds 1a0Lhativeantdiol s the
LVP nodul ep%§\3§? ﬁlepmssur%;? %%’?%Sg%%]ﬁtﬁ%ls%u 15 ‘pﬁgntrgﬁs tche L%P nodul e 148
t 0 accur attaé fluidehdsybalaran disofserslisbovei nt o an W1line based on the flowrate

desired. The LVP nodule 146 is 20 programmed to accurately withdraw fl uid

from the | ine by JIERRULC) i, ARG Ghef i G WhhEE@WweTNG, SSkAM Can be

programed to nai In a preset erence between the two infusions to
resul t in @noaoEAVAX shumami ani vide axd tegeai ghy ecllsnd A&, cosbinialian mpénleshido

enbodi ment s dgset Lbed, 200Ket B LGRS AL AP 55 JAf peg 148 are

or ogr amred™8 en one I nfusion no ny
reasonig t his02Biser v3dfromdid gatiait] dotead tho fiffeomd an ultrafiltratp d b isdemovadraady

control and the ability t rogram either a,R0SitiV I ressure
di 11 er ent 1 paEd 30 epqenticls st JBHRE Y BI2gh < A compgtient, 8 Bl ot

coor di nat ggoteREUHA dplEyebanidalnat 158 eabghhe Gitbd 14ayiakhi dondyit d6tdameist ral PCU
150 control, The multi chan(ggis) gogar di nat ed hgff usi g}n .s%/ Eft 1@0 ‘L? ?hl so able
to over conBiXebdib ibeieraspes QR RLSHE PR SR8 AITE ?J nﬂp?r a&ure™e

di f f er encesybRatTrei v i anink Yuakiieed 1340kuiedfrotiehd paieyt omositiedrignal .

HG 9 is a flow chart of a nethod 170 of _infusing an ultrafilfrate into a
pati ents ARCY A50 shassortraly BeiliE meduls %4‘% Fdewipgy ﬁhgéif’éfdfaleo"fgt{%%&\t‘ﬁa’ieer at

step 172. 1%3"%@@1%&3%1 ifi6 ble JaBGR 1 TRATMES Softbolisd 8P (e P 18D dsRbioldthe LVPUSI ON

ultrafiltrate e I nfusion system At the sane linme the patient's
renoved ulmoedfié ¥ ate is received at step 176 fromthe henofilter. 5 The
anount of renoved ultrafiltrate in the infusion systemis neasured at step

178 after whi C*}aamﬁn%&%é ?@g%sb%ﬁm fk 9103t Beahen®d id dcBiraBlyedeRdést ed at
adj nt 1s d ont

step 180. The ust _ ase he neasured anounts of jnfusion and
renmoved ulipfusiont intoaee IVnlinth basedfaps the rfleyy sete rdesid. a THe dddt aradrleeltisi r ed

press differ [ s ' ' e, Hb thaddlok maiges. The
met hogé(ﬁmpr gh;@%ﬁ%&f%&%ﬁﬂuﬁm‘%@%m reyc’iﬁ?&r% usi on 10ul tor afiltrate
i s del i verethdawr e egtehr can behgogramined to maintain a \presétedifidrence detween e
i nfusi on systens, and net hods as her.ein . . di edq] & il are
fully capa_%’l"’e1 ‘i‘smﬁlégf’o’"lﬁ h{ &8 aicﬂgf‘t?:aﬂoé%bg% %E%:\l/vigd?a%l ‘fs'h281a \E}Igﬁ g%ees
her ei n bef i dshate desdribed Sbbee, béncanther st ddfusibmt modvbys a4 andr B8y are
illustrative of the present]ée_(l grsf@gred enbadi malatls %)f he i nvent itl(x)n’ and
that no | iFPEERTEADY Hhesan Bhtldd e fue JupsPp godule siops for any reason, the

25  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 sysfem 140 with weight cell capability and central PCU 150 control.
The multichannel coordinated infusion systém 140 is also able to overcome conditions

30 such as high intake and output pressure differences that significantly affect volume of
delivery or withdrawal. |
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15 of construction or design herein shown other than as described in the
appended clains. CLAI MS: 1. An infusion system conpri sing: a
first delivery unit that delivers an infusion ultrafiltrate to a
hemofilter; a first measurenment device that determ nes an anount of
infusion Sultrafiltrate in the infusion system a receiver unit that
receives a patient's renoved ultraate fromthe henofilter; a second

measur ement  deviee® BRAOWRIERE Ph? Mebod W OgHaReingn WEAWRE RiP £ paierf- ARt e i n

t he i nf usiigfisis SHEMIrA08 SRNEERbes s heBnHaMBUR &8 110 W WBighhedeki very and
receiver units and the first and second neasurenent units to determ ne fl ow

rates to dRESYEbAL el Hetho rPpimdof ifedeyuigpdiyatete Gremdisipnnedeminotinhs of
i nfusi on ubbkadld hE @%&n?sngdnfo@émﬂﬁﬁﬂ%tﬁ ﬁ@%&&%@é&@ﬂ%%m RfeUh RSy St em

and a predeterm ned desired pressure differential "between the infusion and
removed ulYheamdunt eftremovednirfidirata Beiba infolion pgtenhis rorasined pistemil & dtsei ver

uni ts accq{,l.gé}ngg How r%es 16‘.@11&1 ﬁgﬁﬁe%m%ﬁﬁér% S'Eeﬁ%it Et@ﬁj léd? ﬂe%ﬁjménemgr ein the
delivery and recerver units conprise 1 nfusion punps.

based on the measured amounts of infusion and removed ultrafittrate in the infusion

system and a predetermined desired pressure differential between the infusion and

removed ultrafiltrates. The method 170 may be repeated 182 until the desired infusion

10  ultrafiltrate is delivered or removed from the patient.

While the particular infusion systems and methods as herein shown and disclosed
in detail are fully capable of performing as indicated and providing the advantages hercin
before stated, it is to be understood that they are merely illustrative of the presently
preferred embodiments of the invention, and that no limitations are intended to the details

15  of construction or design herein shown other than as described in the appended claims.
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203. An infusion systemas recited in claiml or 2 wherein the control
system stops and restarts both of the delivery and receiver units

simul taneously. 4. An infusion systemas recited in claim1, 2 or 3 further
conprising a programm ng unit for providing an interface between
t he i nfusion systemand a 25user of the infusion system 5.An infusion
systemas recited in claimany one of the preceding clains wherein the
control systegiaumsmtically recalculates the flow rates after any
interruptions of either the delivery or the receiver units. 56.An infusion

system as recited hRichabAsdkiMhesabasihfre delivery unit includes an infusion
receptacle for containing the infusion ultrafiltrate, the receiver unit

i ncludes a renoval ; EREAPEASY it Mar FAPLA! i iRfhsidpCfaRYRdo Uhbmafiiikt rate, and
the first and second neasurenent devices conprise weight cells for

ascertaining the i in Lo Ml hLabihiy akeaf aih n. the
10i nfusi on receptggﬂgQ%RPa%Igﬁfghggéd u?tra%?%%ﬁale c%nggﬁned%ﬂﬁgg%e
renoval. receptacke. . 7. An. i.nfusjion systemas recited in claim4 wherein the
contro? systeﬁ%ﬁ§EV%%%f’%Hgﬁ%%}%m it programm ng unit. 8. An infusion

m reci i L ai [, i
system as recited a rr]ec%kv%lr q}m@[ t atezte%Imr\]fesF era 1er|1tgsh1temoofvettl r111‘%."&1"&&.‘1}Ju:a.te: from the

hemofilter;
a second measurement device that determines an amount of removed
ultrafiltrate in the infusion system;

10 a control system communicating with the delivery and receiver units and
the first and second measurement units to determine flow rates to and from the
hemofilter, based upon the determined amounts of infusion ultrafiltrate and
removed ultrafiltrate in the infusion system, and a predetermined desired
pressure differential between the infusion and removed ultrafiltrates, and for

15 controlling the delivery and receiver units accordingly.

2. An infusion system as recited in claim 1 wherein the delivery and

receiver units comprise infusion pumps.

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 I, 2 or 3 further comprising a
programming unit for providing an interface between the infusion system and a

25 user of the infusion system.
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I nfusion and renoved ultrafiltrates in the infusion systemis cal cul ated
fromthe weight of each of the infusion and renoval receptacles less a tare
wei ght of each of the infusion and renoval receptacles. 9. An infusion
systemas recited in claim6 wherein the infusion systemfurther conprises
a receptacle detection systemfor detecting the type and tare wei ght of
each of the infusion and renoval receptacles.

5. An infusion system as recited in claim any one of the preceding claims

wherein the control system automatically recalculates the flow rates after any

interruptions of either the delivery or the receiver units.

5 6. An infusion system as recited in claim 2 wherein the delivery unit
includes an infusion receptacle for containing the infusion ultrafiltrate, the
receiver 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 infusion receptacle and the removed ultrafiltrate contained in the removal

receptacle.

7. An infusion system as recited in claim 4 wherein the control system is
located within the programming unit.

15
8. An infusion system as recited i 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 receptacles less a tare weight of each
of the infusion and removal receptacles.

20
9. An infusion system as recited in claim 6 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
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