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[0004] All publications and patent applications mentioned in this specification are herein
incorporated by reference in their entirety to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD OF THE INVENTION

25  [0005] The devices, systems and methods described may be used to determine the identity and
concentration of one or more, or in some variations all, components in an aqueous solution using
immittance spectroscopy. In particular, described herein are devices, systems and methods for using
immittance spectroscopy to determine the composition of intravenous drug solutions, including drug

solutions having low ionic strengths.

30 BACKGROUND OF THE INVENTION

[0006] Errors in medication provided to a patient are recognized as a serious, and potentially
avoidable, problem associated with the delivery of health care.
[0007] Medication errors are estimated to account for 7,000 deaths annually, and adverse drug events

cause more than 770,000 injuries and deaths each year. Patients who suffer from unintended drug events
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[00014] Described herein are immittance spectroscopy devices and methods that use multiple

electrical immittance measurements to determine the identity, and in some variations concentration, of

one or more components of a medical solution such as an intravenous solution.
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30 electrode surface is a known, the (unknown) nature of the solution may be determined. For example,
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immittance. Thus, the step of polling may comprise applying a plurality of electrical signals and
measuring the complex immittance at each signal. In particular, the polling step may be performed in a
manner that preserves the surface interaction between the solution and the electrode surface. For

35  example, the step of applying energy to determine complex impedance (polling) may comprise applying
an electrical signal below the threshold for electrochemical reaction. The polling step may also be
performed so that it does not disturb the dynamic equilibrium of the boundary layer on the first surface.

The energy applied to poll the surface interaction may be below the threshold for disrupting the surface
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determ nat’i on was introduced by Bauerle (1969). 10[ 0002 ]In eneral , the
sensor sloggef impedanse ehainpadangioplms Jerausods plagtiolytesivag BRyes|(1 96 thepry) and
princi ghgrs aéléboma@f]S)@@%%en?deﬁ{;tﬁh@d%f@é@ple@%mncwa@ ot ¥of ®AEL I ve with
t he conponents of e intravenous fluid 2) ions of the utilized nmetals
are not eﬁf‘é‘é@?ﬂonﬁiqﬁtwlﬁéie?eﬁt‘wat\‘f@ﬁ@ﬁ$“U1°Fi%ﬁeél§Y pugyle £969% at i on vol tage applied
beqye eJr;O(?](bgnl e[P%Qﬁereﬁltﬁ@éeﬁ&qse&sér%eé(ﬁé?&n Bl BVbAsBE iff faresival ﬂ)llB@iﬂ%%Q@clﬂ@s any
el ectr cal reactions that may occur in the intravenous X d (4)
pr ef er #isisynsot Hestresesiateanad of welpls agereagiye vl threompetentsebthe Byyavanoe fiudsi Glles i s
15kept ; cfﬁy EbPife bfiEed Hl@(aﬁ%eq{o't ﬁtreéeﬁt if QﬂeqﬁtraQ/EnJuEI\‘/g%MiP |(§)%Q§taﬁ§§%€et Bl tefveb e

nat ur al occurring t her mal | uct uati ons hi n cat egorl es

1 and thewhrsar dsoredasds ket betow the dushelil yeltags pif a9¥ £leptreghamyica) r%ﬁeﬁah@éﬁnay occur
pol ari zafk &@a&%t}@svfw& andT @?pr%leefh%gf fhe @ﬁ‘éﬁﬁdn%ﬂa%&%?ﬂ'ieﬁ bhowREL b Le)‘nsd? RREHRIIEs 1Bt

vol tages significantly |lower than 1V, thus no ering el ectrochem cal
reddt i &ens belowilhrechataeteristio yelug ofiihaivaltpgearssogigted W\Mlﬂleé’atuf?ély Resvringdbgmalensor

respon ﬁﬁctﬁﬁﬁn? qg@:ﬁl@“fﬁhdgrmﬁﬁﬂ (,aa'fggoﬂlégfl %ﬁ@@%@rﬂeﬁp@&@ 'iéjdrﬂg' sBi%ﬁorf‘%ib’it%@%Bd

condi ti on of [fectrode-fluid interface, for the resi)onse to be
descr i betoinged palarizatisi behayies gThe saors dpscribedrhigrein tapipally weerﬁ%afs\t? tagen HETEARYY be

perfor f@fh Wah 1V Ntnb 161 K%Férﬂ%%le%@&‘ﬂ@mx‘é@%a%n&ﬂ fof ﬁaalea@wh@@%&ﬁa@@ alvhilOthd
vol tage-11near tegine As mentioned, the nonlinear re onse of the

el ect r oerlinpargensor rﬁspgnseae@gqnsrammpor%tmf?émt@a regardingchaaies sndepagider ofthedi es,
whepe LREwdde: mmﬁﬁrfﬁge foP@e kd3p&isd REE dbLritkdlis RFnyV A headf A@aﬂnﬁ%&b all the

i nvestigated. 250ur experinments with sensors in normal saline and Ringer's
Lact at eneasvesmedtsimery &¢ peréarmed within gielvioHees range wBers swrasbis grerortival dcyaltags: on.

Nonl i nggL, &sRonse above this voltage typically results froman electric
field stron enough to disturb the natural arrangenment of fluid conponents
withinl @Q{B4gouzb$ weitigped; thadpelipetitrespense hethe pleattodedeidduterfase i welologpsnted én

struct ﬂﬁc%mgf‘(ertrg od ét QL l’vﬁé?gfh% réﬁgérgg Efthe nferia e[o J,ll@éatvroﬁ%g hhdWeh Tn@@s%gétéi not

static EXISSII’I ynam Cc equl |umun r natur al
oc@bir r iQugexpesments wftlh mﬁqyamm@nnal THige ndRingeats Mg}atv shoved so addaes %ftnéﬂhwrt h

t her nalresﬁa‘ltssé B0 6 7@"1%5 I\%gﬁﬁe% r%%ﬂngeab&%tthlm%ge 1051-9 @sulty\’ﬁ% &n Kledific

Bol t zman const ant, sol ut terrper ature In , is electron
char ge fieldtsirene eapughgo mstuéntﬂ;enmralraeran@mbmftﬂu@%wmnt; “@tinntthredoyblﬁ dayers

descri ggg?\%gatr %e@l&ﬁ&e%ﬁ%c%te at excitation voltage of 30nV anplitude (-

21. 2 I's of the sanme nmagni tude as the voltage associated with
nat ur al[0Q(Ré} rraThefSItrucItn@azf the fluid3&7Ftsiadjacqnetodhd dertrodginterfacensunt sigtia, h‘ettratb@ns or

meggur SRR b b g W gg;ﬁ{& GPARLARLA Thenfhaling Raage of the
el ggt r %%glsfrlip}' %ﬁ ” ace. dFO 8‘{3@ )Jlgc?r e e escri bed sensors
for i massotiaadwith pexmai wompoyf ap denfig @tmwntbg esmr@t@tae kTle, wesne k @rﬁqttzmrrneﬂngt h
| i quid. The i ncl ude (; B)e@ d 0 DY AuRlisald ty of
el ongat’®@sA\p 2‘6%??]6% Y (B0 11 % %on il g i TR fler o

25mV. Any of the sensors descrlbed herein may operate at excitation voltage of 30mV amplitude (~ 21.2

mV RMS), which is of the same magnitude as the voltage associated with natural thermal fluctuation.

35  This operation regime ensures that sensor measures response of the fluid cell without considerable
disturbance of the electrode/fluid interface.
[00026] For example, described herein are sensors for immittance spectroscopy configured to operate

in low ionic strength liquid. The sensor may include: a first electrode comprising a plurality of elongate
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| engths of an electrically conductive material; a second el ectrode
conprising a plurality of elongate |l engths of an electrically conductive
mat er i al ;wotrersizmsthe plurality of elongate | engths of eCeatseeiamabioys
conductiv terial of the.first.electrode are interdiqgjta i t he
pl ur al fef“%‘ﬁﬁa‘%ﬁé |e[?ﬁ‘§‘8%‘@ CP%ﬂﬁ?‘ﬁsmag?“a |aé%ct°P‘i? %%ﬁtﬁo?/e %%“r?&‘g‘é‘? 3@“@%’%&?‘3‘}&%‘? t he
secondleajcbitandrctricalfy@biduativeahaertal; sderepehe plu[it) 00T ghtedergtn obeleatmopllnl so

i ncl ude second .el ect rode, paif conpri si.n | ur.al. f | engt hs
of o SIRRERE BT K Hisen elel Rk af Bt paPnn B gl of Rhafi; RRAR S | °0
pl ur al blkstricilily ebraingiad @atkedl gf ths se@bndiectbéctb foraanlelecealegaict i ve mat eri al

formn urth el ectrode,. rein e plurality .of elongate | engths of
el ett rﬂ%@?‘%ﬁ c oY RSPy Ay t"écﬁ\‘?dgla Sfﬁoné %Ecult%ﬂ? P cé’["ﬁ%f‘?%%l@ugg O?ﬁl i gi tat ed
Wi th t haght ofraaleicttyicalfy cohdumgatrattranfihing afhiel ekctrodemad b pluedindifelougataiatghsi al

of the fourth electrode. The electricall onducti.v teri 10f or.m t he
first 8% "é’(?tl‘?cgﬁélllyncé)?d‘ﬁgved'f‘?t?réaﬂ gwll’fgﬁgfc?f'{hh%ecg?%cvﬁ?gglﬁ]en?ué%%?a}lcetl?n%te !%raltgt ggi al
f or m ngf diericaBg endudtivemhkens of thedrirdetanmleare infealigiard tith deal plyalzp oozt e

material formng. the first el ectrode. and.the,electri.cally conductiv.
ot o1 | e Sp Rt Rceoais A B bl OTE et iy FRERER TR
con@i Stdrmghgalic firditlectfbde neaythe Rifferdn®@HOR Bel efecaienir @hductiviemabrinh fammg tersgdond  of

the first electrode of the |lowionic strength paifr y. b Sseparated from
the el BiHHIE FARHITRIE e er‘ig‘cglgccé’ﬂﬂlcﬁ?’eerg?t?rbagtong “gtt%eeﬁ?t(?\lﬁcﬁ%drl?iagg@? rength pair
by | esslettHaiy tQiuptine mbfeiabfoatiggthe stcendjélbsrodd art bedected fmin thagroseaosigingloéct r ode
may be |inpear, or curved. The sensor may al so i nclude el ectrodes confi gured

for op@Wa F g dn a high ionic strength fluids (small pad el ectrodes); pairs

of smalhooR8y aheeisNdrselsiytehacmpef @t At élagetidehe iow ianicnmhdth padmg)l lect r ode
nag@be oper at ed ﬁs a pair with one o
20

t he, | i.oni,c.strength el.ectro )
00 5peeisd iromdhgelaneste lengths of the ageppd elesfrody %ﬁg@é% “I“é“nsérﬂl%n‘g%"f" ‘%YH%SS%‘PPS?‘? and
second fﬁi Gt RAS BN thedirdt @DieboridRRLtrdde ngly daliggar bhanved OThd semsr inbysalyd dt h.
I n i

[ 00030 sonme vari afions.the sensor, .includes rinted circui yoar d
Subst r B IBARGANER ISR P SR e AuetORel Seaed B és"&ﬂé’a4 %}Fﬁ"ffsﬁfsg pairs of

[ 00031kAhisPaddRsE6dch BEy BesRidiedas@iIRE 05 Ofifall 28 cletFodt an beospaal s apaiopith
configured to operate i botg 25 high and low ionic strength [iquids, the
sensor°E%W$?q@Wﬂﬁ?°%F“$€8§F“’e?irst pair of electrodes configured to

opeg at €0d0291 OV:dcR nSth SF the PRty df@Wngte lehfiBs dfitheSHirstRad Eectigctredeigayehald 4 St

el ectrode having a plurality parallel elongate |engths of an electrically
conductang® thaafserqater thap 40 Bmewitottthel ectrode conprising a plurality of
paral | (I)O(Bb])ngﬁtsgmé SRALOS 1R sefSdr BLIBESsaipFiRled YirduRDPAE biDéRatEBAtE WhRth theWgr €i n
the el ongate lengths of the first electrode are interdigitated wth the

el onga# #@W@Wﬁ@U@FSWﬁ@“@@éond el ectrode; and at |east a second pair of
30el eC]f[dIS(RB‘?i CRRE hAMERA htRinAREEALS ofimtligdhel §REFosSpY SHghrel tdkfefi® in both
[00032]'In sonme variations the sensor includes a flow sensor. The flow
seR§or highyndlowaotiostrangthdiqeids thsrrerser compriging ahlsest 2 sy pail slectrdenepafigured to
tenper 3L YL iPi6RIHic stxleﬁgﬁ ggﬁds\,/ e I Bzﬂpccoﬂd?i?i_ngg RRPEIedtfoal RASS aPIBARY p8lel

el ement 'to regulate the tenperature of fluid being sensed by the sensor.

[ 00033 f/ngate geasby dfior aletieisatly monetive arnicaipkant g secopde leatipAe eomppieing p aEpyof

confi gy efleitRn n‘glreﬁ%t%rdef gn bRlthcanty ?oﬂh&ne AN rhOWnéBRiife HnpRPEhRNS biGk GlS t he

sensor “conprisrng. 1 _pairs of electrodes configured to operate in | ow
i oni ¢ stecteavigtare intergigitated With ghesiongaalenethy ofshe speand cleeirades agd at lgast ¢ yesendgriget r ode

haypng ctp(lcféggdnh e rog%:rjat‘élin ﬁgﬁﬁgﬁtsﬁerlggﬂgfuhﬁ. of an electrically conductive
a a secon

materi a n ectrode conprising a plurality of parallel elongate
| engt h§0@P32An Inlsewt var@tibisyhassnpudiciudes arflomesensal. | Thetilomesersor may leg g wire

! engt hsan&fx n]iel‘? §. fl"ilgds%]ﬁsor w%' %19(;]'1%/ 193&9@#.5%%#&%%@&1/ i 5%989\84ri§4i(§1§ tHeQelRof iREudts RAI T
are |nterd?g|%ate Wt e efongate_ engths of the second el ectrode for
that pdkatingakohenttio seulet dutteropreaure ofifliid beiegisenssd b dhegersor.n hi gh i oni ¢
str engt[BOd?alﬂw gﬁsb described herein are sensors for immittance spectroscopy configured to operate in both
35  high and low ionic strength liquids, the sensor comprising: three pairs of electrodes configured to operate
in low ionic strength liquids, wherein each first pair comprises a first electrode having a plurality parallel

elongate lengths of an electrically conductive material and a second electrode comprising a plurality of

parallel elongate lengths of an electrically conductive material, wherein the elongate lengths of the first
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[00034] I n sone variations the sensors described herein include a capillary
port configured to w ck sanple liquid onto all of the el ectrodes of
t he sensowoO 2bre/8e088 vari ati ons the sensor includes a retrcaatsaiiestoeedl e

config redt | oad sanpl.e. liguid onto II f e ele des. of the sensor.

[ o00sarAtge fuadnr e ek SF Rbeial ob 08 R EEUTOR el bt Bl gur o

LO 0peﬂ@ée%lldcﬁode@%dﬁ(gmieﬁtoSdprﬁftlgh high hdgwsﬂﬁngﬂ; hgidgyst em conpri si ng: a sensor
avi ng east one pair of el ectrodes, confi ed tq oper l.ow ionic

stre ng{(ﬁ)op4 huilasome wrighiops hysprspidaien ergupglff;eta Cab'ﬁw Pa 0(31%53&69 ?c“éllok

excit aEdnﬂﬂ'e ﬁ’c}mcﬁorﬁd Al éHlthe ec@bdes bﬁl(ﬂbl%&bre& done lvhiGhtiofs the $e@ur inchijesciveyactablege

ngelsg%?’ "%ga 5“8‘?113%& %g?%wg%:llé}l“{fge aﬁrb i\%ﬁ%’%ﬁ 8%8%&3%?? lrjz)mlt Ele_h seﬁsor at

t he pl {U(@bS{ y Ao Iiers@ﬂk!@H&blﬂ%reaﬁgnﬁdﬂcéjq}%&fogdo@?S}Isf&ﬂls ettt Yo o;ﬁfh&(:iﬁlltiwf ation

or the identity and the concentration of one or nore copgoun

| i qui d?“‘c[sge%llﬂl%*ﬁf ¢ SyStym cPRTiEng 2denserhapiag aeasking PARYT S7gg8dss ﬁ%’? @B’@géﬁ

| east Jrété §1ta lQ@'lJm@Jtreﬁ‘éﬂe i@ A5 EIQRhdr b RHfiduedap BoRide eledtritad vkcitatitinGit a

streng t% ds, first pair conprisin first el% @%g havi n

15pl ur aﬁurqhyv qfafrfeavqn@rss ‘éflb‘i‘i%% o f%m ragge om s ibet frbeaﬁli§ PR

M{@r i §lan @bkt AKIRLCONEcBIoP EdnTigeted que&we&bmgleﬁamumé tiztta/fré}f) tmmb& #kheel ongat e
| engt hs of an el ectrical Igertconductl ve materi al q\g/n% geﬁm eI ongat e

| engt hBlugHitt ofdreapengies dde dstsppane dheddentipva F‘Hﬁcﬁ‘lt&aﬁ?"e ec?ﬂﬁf PEALOR gt hs

of thep&Rthor) RabsdEIn thORRRE] The si gnal generator may be configured to
provide electrical excitation at a plurality of frequencies |ncl([]|d| ng a | ow

f r equeRAP3phngny of ke yHems Geaciibes bsyeip a3y alsorigludpatdeastadistipaie &f ¢lepiRdspout 1
20Hz, L&giulBaioRheuh lolaxoigmmsﬂrédgfﬂqmﬁis thHSt fah@Bmpista k& e%ﬂrédeﬁﬁlﬁga etc.

In sone variations the applied frequency range may extend toarelatlvely

hi &h fp@mh@hrcayalkeh%j@ataéenw@ﬁ Pf a(nélegmcalgr@awﬂvetlﬁ%tﬁl H&ﬁse?onr&ﬁ?ctr%’e KHz, 100

KHz, 1 MprisleG ﬂural[@@%&lleﬁl&@a@%@ﬂhk bes RBERAINY BhuctivaThitéraN Ghe®RARE I OSCOPY
system confl gured to operate in both |ow and high ionic strength Ilg) i ds,

t he sy§ltoégﬁt%'6‘i‘$li‘ﬁ of thﬁg’rrstalegt&s*g 8 ipfandigifatedpvith thy stongptplepgihsof dye S&?Oéé £l

25conf i ;@m@g tﬂme@%ﬁl%@er%&ﬂaaﬁoe cemgupéalt&p@bla@ag&hca bQuhtbnanspadlify@ast one
pair of electrodes configured to og_erate with a high |on|c s?rength | i quid;

a si gnékaqusaries iagledingolenifiparandy rapep ABY lowdregpaey rangamayRedntion lsys than agout 1

pl 9@5 al 'Hfz%legftharn BOHEOE nf BBl dh HhbBut 10 WifliHEAL SRC Yin bGPl han
about 10 Hertz to greater than about 10 KHz; a processor configured

to recéeqenepapteasayaiend lorelativeht kgl fresyensy raep avvelisen gisaFYT banptbow Ideli% odes
of the1§g@§0f00q§Hg heR! 4epl ity of frequencies and to determine the

identit concentration or 30the identity and the concentration of one or
nmore c ﬁhdsAlS%dQSh@eﬂ ihepaindse iIMMOGOBOIPFHEossRY Bystsn eomBguredigeperato it bafulowd t o

operat g, m csﬁggg Rldered {yséefn%fngésﬁgogp en%c?t%%vnﬁ‘g £t'1{a§tton@b§pwe@éé§o&§VI ng a

plurallty aral gat e ngt hs an ectrical conductive materi al
ands a sedfignwdéd enstatowich @@vamestr?ggth ligvid prd 4t depstone prirof|eleetrodss ennfiaured toengt hs

of an %F&&E it gqlh ag% iGROGNESh YiGuidBlsRink eﬂeréﬁﬁﬁoﬁT ifird 16 p ﬁ)lvfzi@gf&tﬁceh %ﬁ@t‘éﬂﬁl #h the

first efectro e interdigltate ongate engt hs of
355ecomulr%éitbeqftfread@cwf olodiog N@bfrmwwmdfrh@ﬁ@ﬁ thampaouiOne Hidlegs toc%?aéﬁrr m ni ng

the id Baﬁt@@ﬁmra&Q&QS%PEJnﬁgar@@to%ceﬁe%Hgae,t £Hnﬁtt4n9¥"ddt9ﬂbxﬁ ofiiick smma A qui d,

t he net S conpri sing: cont a t9 ow | onl c st rengt [i UI and
el ect r@ﬂelecprapd¢s of theperissi gt gheaplurality of fedquencies aind th detpmuneshg 1dmtéy |Ct>l}¢elr5alﬁlarl ‘Pfel

el 9fgalf 1hé?1lag1atﬁ§ tl%fcoﬁéant?zitigff bf 6&%& f¥re compounds in the liquids.
[00039]  The pair of electrodes configured to operate in low ionic strength liquids comprises a first
electrode having a plurality parallel elongate lengths of an electrically conductive material and a second
electrode comprising a plurality of parallel elongate lengths of an electrically conductive material,
wherein the elongate lengths of the first electrode are interdigitated with the elongate lengths of the

35  second electrode.

[00040]  Also described herein are methods of determining the identify and/or concentration of a drug
in a low ionic strength liquid, the methods comprising: contacting a low ionic strength liquid and an

electrode pair comprising a first electrode having a plurality parallel elongate lengths of an electrically
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WO 2012/ 034084PCT/ US2011/ 051098 conductive material and a second el ectrode
conprising a plurality of parallel elongate |engths of an electrically
conduct i weormt23imk, wherein the el ongate | engt hs of t hecfriussd1105mes r ode
are |nterd| lg{ltated with th leIo ate l.en thslof ¢ §e1 a?elen %t¥arge

appl yi AeIBFEEMACA) a2 S7P SlesodoeompEsing g pluEige garﬁllle arg r Equenci es
i ncl udirgrically @¥adutid@ eiRey!, vaergia tﬁd’dbdﬁghtemgﬂhhaﬂ’thaﬁl@llﬁlec&&&am interdifgitated wiith
greater than a term ning th entit cocntra or

i dent i th gwaat% H@E%‘gfrﬂéftsie‘b%a(‘?g“ 8’ aBPIYWﬁF%CtE’f)ﬁﬁ’écdtﬁt o ﬁfetl q%luréﬁ%gped on
a conpleyuehdes ihdladifea BB Ry ity bﬁga/ﬁﬁmlekshﬁarﬁibemtlﬂﬁ) dﬂhHatzrto g{e@t@ﬂmad aboet Ist ep

ontacti the I qw.ionic stre econtactln Lhe low
|on§ 1 :Agtﬁﬁ?‘ﬂmg ﬁﬁd‘%eat‘tan‘iﬂm%fmg{&&’f’é)f ldlte&q%?ndre{iaé ef'?%&e p%r}er°§ Teac mﬁguw ng a
first ¢ @etiqudBased éia @npleri@mittayceaheapacdbdheden deeivgadde phiengt hs and a second
el ectr th_ a Iurallt 0 ar.al.l el ngat e | engt hs er
el ongaﬁg)ofvﬂ enBteﬁ P&F C(’t“Fi’éty‘TgtI“ (‘))Wé?‘lé%ft‘?e%fh%é\ﬁ%&'qa%f%? lsﬁfq“é%ﬂﬁ%gﬁf[z’ﬁ’ 'PHe
el Orggﬁﬁengﬁnﬁhﬂ%n@? pﬁlhﬂity&ﬂ' cRAebde bﬁ&}eﬁ&d&vmk Q@i%a]sctfﬂﬁewﬁﬁh bmghhrg&;f padaB&
i ncl ude, t step o con t|n ow.i oni c ui d an
one pafiongie ‘é?%la:staineaé%co ‘F‘itrﬁgﬁ‘@‘g”ﬂ)l“%‘ﬁ§ P%‘aliei) %E?q? ’t“f’}é?ﬁeé'ég‘e ltopﬁaeh
i ond C @B 6t the filsRlécEde APMteydigigied|vathtthid cﬂ@igate)kﬁlg‘ﬂh@.bﬂ‘ thélseadnyd etootiftei Se
ex0|tat|on at a plurality of frequenC| egglnclu %
n

appl yi ng el ect r| cal
ow 1 r SaUAGREy Thsfesanrtmielse shudh i Seb glitoniegiteh oy gk Srepegh Jauidpnghat |4
about  Ind$kr of lel@ct%@l@?co\‘lﬂédr@d to HeBsutORdRPlXi i fhitRh&Gh high @nicendidliquids. QpPmgses

applying electrical excitation to the el ectrode g@ % 9 elle trical
exci t aelegHcagyciBdonRrYOmPYEs apping electigal gxqitatinpt 3 mhfyafﬁ‘%%@ 1SS 18Cly %%N a
t hr esh@)wifrb ¥Rl rhfge B8assk ik BisdHt Col mlnlﬂ&ﬁttz kDgredr thdn@b&igN Kaze sn Qfnetvagatiohs st
and_second el ectrodes; for exanple, in sone variati onﬁectrg%}é el ectrical

exé? t afPRIVIng gleqiriqad e’icﬁaté’“\?@PPrésﬁ%aHPH&tg slestrigal exgifatippio Ry © PHRE et hod

may al $Rctibd krdatisass vdicheseh E&h&miuﬁm AWBlthdeant & Rlowea thiestod 1e¢eyfdaf t he
appl i ed 20frequencies. The step Cfdet

ermnin i ncl ude co ri t he
conpl eglertFrehenisa] ceactignyas thy Sv*iquﬁ%&fyle frstaptincend 9 9%?‘{6? afﬂrceéémplfﬂbﬁ‘zﬁ VRfitpns
descri l@ﬁﬂylhgéleétﬂcaaé@nm hadss inh volRige it Ribaigwisbemivdent i fy and/ or
concentration of a drug in a | ow or hi %h ionic strength liquid, the ltr;gthods
t

conpr i 94443 coﬂteaeqtbq@gma asp dnsiuge seerdps W‘FCQ“‘P@WITF’BH?‘EC@?W%‘H@{‘W of fhe@pp

paby amdq@ndibgrk Qt@%@f FtdrBMtHsnaSiRAide QelBpRAk thie c@rﬂ?lleylnﬂﬂltt%c@%ﬂlla(l@hry of
excitati on to the 25el ectrodes at a plurality of frequencies fromless than
about fOOPIEY MMl to greater than about 1 KHz; detecting the conpl ex

I mm “?ﬂtﬁmgt QQ& Bestfied hOinl a%&h&irs B?Mrﬂnﬁn{gecﬁé fd&fi@y BRI c8dehita6n S¥aitud ONi C
streng | ectrode pair; and determining the identity, concentration or

i dent i tiya lewdbr bighdenit strangtb Hawid, tsrreetends somRprisignisaisaEng 4 iquided pethalay 98Sed on
ei t her ﬁéngﬁ\oetl&trg&epaﬁgﬂpli frigh lomys{rér%@"&&t i ShnRetaReRallRG s ol RN C

strengt  ectrode pair and th gh i1onic stren el ectrode pair.
30[26)004@%% ﬁ@tplhﬁ@jltl’ ﬁ%frqqpmeafrgmdew than plowt 1 Q9rpili i&w rageater 8128 abqup h KHgai r

may co 'a%ftﬁ'@ t&%ﬂl‘bl& iRGit@ndelat §dth Bk & foREStrdRM dMBtrddeRatt bd tht Migh @i stréigth
el ongate lengths of an electrically conductive material and a second

el ect r gléetredsppiriasd degjerminingha idertity.cPngsatration er identisrydcancerifgemef 9 opfore
el ectriGabduhasin Wﬁbld‘b@seﬁ%ﬁ &ftheR br botBE %rﬁbléﬂﬁlnﬁﬁ&@&q‘ﬁe‘%sdr&f&m&n afe 16 Rnfel 1 St

electrode are interdigitated wth the el ongate | engths of the second
el ect r sungthzdicootrasirendthabish inpicriryngth dlecticdePaide the step of deternining if

t h§0 i ?6’(5015!! ‘d&%&uhé’&% (l:iqlﬁ& RRNEE RwAbnit gﬁlgnkﬁ ReCtrdie 'iaﬁpgx%y comprise comprising a

first electrode having a plurality parallel elongate lengths of an electrically conductive material and a

second electrode comprising a plurality of parallel elongate lengths of an electrically conductive material,
wherein the elongate lengths of the first electrode are interdigitated with the elongate lengths of the
second electrode.

35 [00046] The method may also include the step of determining if the liquid is high ionic strength or
low ionic strength.
[00047] In some variations, contacting comprises contacting the liquid with a plurality of both low

ionic strength electrode pairs and a high ionic strength electrode pairs. Applying electrical excitation may
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[00047]In sone variations, contacting conprises contacting the liquid with
a plurality of both lowionic strength electrode pairs and a high ionic
strengt h wbeetwwds4pai rs. Applying el ectrical excitati oRrCraBE201¥051098

2012/ 034084PCT/ US2 098. ¢ rise tr| cal EXe o the
el ect r SRSy APRLYIRg ?c]?ci “iaf cg?%of’?onﬁﬁgﬁ og‘psaf% lg‘1I|§s T uaerrllcle fegg%{n%o‘h
mlliHeoa mllnleergrteg:teaemhhedboabommzlo KHz. [00048]1n sorre var| ations, the

The | ol UBR) o et yrhtaisaes ol S Rosn e Al BTGRP PP EngrR S 0%58& Fode

p?i r. 56@@&48\}/ AR syreripih ab@ﬁaé pefx&ind megmghaasm@mengy eleargde paie appl yi ng
electric Xcitation to e el ectrode palr n _sone, varil
el edtri @4 ﬁchRPéX‘P%ﬂect‘r&L‘f"f’gatioﬂ may Q‘B’I‘Hrgﬁéppm%ﬁ e‘?%mabﬁxswﬂan E%F%‘gﬁ%g I eveI

for e: Bsit. rm%&am&all?ﬂs%gtyirglréleaﬁlcalreec@udsﬁ REMS irof vo}ltb@ tﬂdtmierolﬁidﬂﬁreskﬁﬁf level
exanp ing electrica x0|tat| esul t vol t age, t hat

Dol o S5 Rpechem o et o BECRTHET Al SHyoEon b CSnRlG ARG ea! 6 fhsion:

| Mt t ARG GosP Al VBltagd thdt BrRIow 300 noonpl ex 10i i ttances. The nethod of claim
29, wherein determ ning conprises conparing the conplex |mﬂttances at a

pl ur al 198058} rPEeménies BY cogwrisstompaingpesompl IRgHnesepinshal PRRcysomplex

[ 0995 Lifth@An&e S Pifel MAkbdVFERIM2R Wherd HiHeRABining EorfiiHstEGhrpBGhgaRcledntheAt | f yi ng
drug waste in a liquid, the systemconprising: a waste input port to

recei vémllnltiﬁ{}ﬁeélatci*rﬁ.l.l‘g”a’\‘/%ﬁ@equﬁ“cﬁﬁ%ﬂ“@t%h‘%ﬁ%@f ‘B‘Hﬁ?‘l‘é‘&“‘i‘%‘“ﬁshe wast e i nput

port, \n@tﬁfs@l N AB8dSaM0RH Kb RIS EefORPEIRE e AnPldbtd)ihf ¥ruf vat RGHIGAMEMDAI 'S
confl gured to 1l5contact receivéd |iquid drug waste;, a signal gﬁnerator

conf i gaysten eamPHisiag adkastelieryt partiairecsive Higiid diys Magisiiacsample ghaber @uied Withe ¢ he

sanpl ev&%&@fmﬁtrpo?tt wher@th We%!lﬂxélyclﬁinbglr &%ﬁ&@'a%ﬁxral@y (We%@&ﬁ 'élrsc&ﬂﬁglﬁwtgd to
receive conp l'ex immttance 1 nfornmation at apuralt requenC|eS from

t héS pl gendact teyelbefd ligniddrpgomstepa pignp! sepsrator sordigured Hﬁ@w@erréecrr&élrrwrgy todifidamount

of dr ugpjoRyakRSyithindhd ﬂmgfelégaﬁ’l\@e? b pl@atly 81 £QJubRSds] o hAFRRfglrd ©RbkREL
liquid drug wast e. The system may al so include a pluraljty of

col | ectPBpOEimmiBEcs mfwrﬁlagw avberqhéx ¢fdigquengipefrany %Q?Hf‘il‘r%?f&#é%"d& PRiED P%f’ctéam e
cartri dagmiipd b mgmhﬂ Endntdudd drlidig @ the 1igGl GRYSaRBI A& o cdiREticHAARKR: ENRNRET MRy

be a fl owthrough nmber configured to pass |iquid drug waste
t her et HAWAgHE W8ftea static sanpl e chamber. The sanpl e chanber and plurality

of »§| e%mé; pmersgstémma§ ngmneﬁaés 2 ﬂﬁraﬁfyro@w@a%tehﬁn&w i g&@evanﬁ&gpw The

system may al so i sor to determne the flow rate of liquid

drug waxstem sladaserenkseabirecartriggetholsinetthe plprality jof elegtrogepaits T ks sappglp chamber may
confi gyt @ﬂomhrgﬁg?vah%be? lc%[n‘eﬁ?d paSNEfuitardd wésteqwamohgw oPf st.furc%%a@ Ehafibed F OM

| ess than about rtz to greater than about he processor
may be Thosampiasheriberend plyrabiydf electrodp pairs mauéomu@ﬁtquyepémwb&mmgeof drug in a

B e
pr 8% es suterimgethe ineutmonf Thrsigd! geperdior may ba dvefiguéd te pravisie elsfiricdl quargl aip plyraliist e
to one o??req%encies from less than about 100 milliHertz to greater than about 10 Hz. The processor may be
configured to log and/or report the identity and amount of drug in a received liquid drug waste.

[00054] In some variations, the system includes an output to report the identity and amount of drug

received.

30 [00055] The processor may be configured to direct the collection of liquid drug waste to one of a
plurality of collection chambers based on the identity of the drug in a received liquid drug waste.
[00056]  Any of the systems described herein may also include a rinse module connected to a source
of rinsate to rinse the sample chamber after delivery of a liquid (e.g., liquid drug waste).

[00057] The processor may be configured to compare determine the identity and amount of drug in

35  the liquid drug waste received by comparing the complex immittance to a library of complex immittances
of known drugs.

[00058]  Also described herein are systems for collecting and identifying drug waste in a liquid, the

system comprising: a waste input port to receive liquid drug waste; a sample chamber coupled to the
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plurality of collection chanbers based on the identity of the drug in a
received |iquid drug waste. [00056] Any of the systens described herein may
al so i nclwodeor/3iisge m)dul e connected to a source of ri meatuS2010/06i008€e t he

| e chamber aft er of .a | d
D065 outa o R oS s Y bR oDt a bBisbLors R PR B R e 1
and anooiiict &fcexdédugluidmr@avdm 11ﬂﬁwsd\sarcug‘lgmtt@detmme\tmwyoqunmamorhg t he
conpl ex imm tta%lce t of. .co

[ 000561 =gl ersetran sty oYy E AERcH ol [EBE e Mt B P
drug wabdntbet 4t a@ldralﬂjdbﬁfreqhé‘iﬁeﬁ;}&&ﬁ@ﬂ%s@ﬂdﬂiﬂﬁgxﬁctd‘tg recaiva\esiipdexi 1mp1mtanpa)1hfonhallon

I t
oS S abaitas LR85 i SRR RO E SRRl ot et
conpr i $e8ruginheliquid dryg @ﬁsteefr@ﬁ tHedmlﬁntramer isfoeraaion g thelflow sansstt andta colixedon/ ed

l'iquid nsor configured to determne the flow of |iquid
into th anggépéﬂbecyms"i’%@ eherat or configured to provide electrical energy

to i quoahsdy UgAM@-Béserlei hétein atgsiengTol collebrigand idattif@nPlnup asté s adfquid, the
frequenci es; processor. confi ur ed cel ve coggl ex. |

i nf or naxsfeahwgmﬂs*agmwsllﬁl&uypw ff’fcwai}we? g WaYEn aspaplg T‘E°>‘}P8ﬁ? ©dP%et r ode

pailos, waseirpor gdet @nmlﬂmetsmﬁplb d@ntbbxtqomﬂgbsammmmy tfeledtroty phifs d:ohﬂgdmdqw d drug
waste fromthe | u1dda(gnce i nfor t| on and the fl ow a col ] ection

SOr
Chanbe e BT YO A GRh et B VLTS BUBSSFAIUE YR Pisake ey B it ¢
Syst eMarvgiase MithRiahé AghpRttarhiste Bt d flyralig oﬂfrugeﬁw:s 1 #prodessadr Ednfipirel totréeiveyst em
conpri s

a waste.i.n rt tore ive uid, dru
chanbe FRdap Mt tE L (A MAOUEGE P PR BeTEre srehr BB fele RiRpuE o
corrpr [ S&Smﬂneplhél fdantity ynd()afmoﬁhteﬂ'ﬁﬁtgdlea pative uqoiafdr@uvaed fotn l!hé)éﬁn&ﬂéx imatteinved

wast enerator configured to prov | ectrical
onds by R Pl e g0 Bl S Sl ey S R b6 o

f reque ﬂﬁe@sthe aollladStQﬁ ebs EqUid 6 ageltoate bthé ﬁloehwe)fearmdxcﬁ%hamw HasddGm the
i nforma | on plurality. of fre uenC| es fromthe plurality of electrode

pairs, ' tog gfuér"?’rﬂ?éeli’eﬁié‘qluﬁéiﬁlﬁ $®and amount of drug in a received

i qui d [(OU%Q% Wagks€ ddst e hbrein Gy Mdtkods bNEdlkétap llléitlm)flﬁ)g dvag ivedi m&ﬂﬂuﬂ the
pIuraIitrg col | ectign chanbers to caollect. Iiquid drug éo wherein the
pr oces SHOARPRRIIEISE IFESTHRS  BRHT GHE HPst-idgEaniaR eyRRIBs U Ry CH i griqn iom the

pl oo al lhg\‘ﬁd efugcmlstb aﬁhg &idh 6NEPTRRTIE obals@@dOpaifs e al peAlity bifrealerlcRE ddieHining 2
receive are net hods of

60] Al so descrjbed herei
col | ecfhede,enawfl a@ﬂw m@isrh@ma#ﬂgq%év&'eww and qof¢ftigg t %ngl ‘E“I%cYH‘StEBhapn si ng:
recei vbag,caoddhg,ubal drug waste; determ ning conplex immttance information
fromthe Zgllqw dru wast e umgﬂg each of a Iurallty of el ectrode galrs

for a pYQHOA] i t4 msthodp ?ﬂJ‘éﬁE‘Eé%d HepgiHe Hests 'H%Y Hiendnelideyecortingip¥mt no?! dr ug

i Nt he ghigGiing 1idhil 9ae fe8ivedd Nl sdn@d JafSidn§ Jece Vg thellbuldl didhPastdnBrided p@nping
coI I ection chanmber. [00061] A nethaod of collecting and jdentitying, drug

wadt e theyiaddng wisiente 2 ety PRk 8 SstRILIRE ciectine dgd idﬁ“ttfﬁég frugWrYe Reist e
recei vegguidl N sone variations, receiving the liquid drug waste conprises
punpi n 25the liquid drug waste into a waste input port of a systemfor
col | eci@(}pé 25 ndDsterarring Spipdexdmptanggsiprmatiog may comprise applying electrical energy at a

plurality of frequencies across the plurality of electrode pairs when they are in contact with the liquid
drug waste. In some variations determining the identity and amount of drug comprises using the complex
30  immittance information to determine the identity and amount of drug in the liquid drug waste. For
example, determining the identity and amount of drug may comprise comparing the complex immittance
information with a library of complex immittance information of known drugs to determine the identity
and amount of drug in the liquid drug waste.
[00063]  The step of collecting the liquid drug waste may comprise collecting liquid drug waste
35  containing different drugs into different collection chambers.
[00064]  Also described herein are methods of determining the identity of a drug or drug formulation
by recognizing a pattern of complex immittance from a library of known complex immittances, the

methods comprising: receiving an initial dataset comprising complex immittance spectrographic

-10 -



liquid. [00062] Determ ning conplex immttance information may conprise
applying electrical energy at a plurality of frequencies across the
pl ural i t ywof20elsedssode pai rs when they are in contact wpCh/ush@lospas d drug

waste. . |l.n sone,. vari term held ntit g
conpri i %‘5 §5F S%‘P Og'ﬁotlex THY oarn‘r:fca Ctr% agﬁ %&%gﬁe&{ﬁ

i denti fxymaqﬁaralimufﬂlfferént(érewgodeIpal'rsheablucpllnt)dofdrffﬁgenmmuencxd{_imsng)aammbgpr to
determnln t he identit C: r

conpl eﬁpq &Y g]ﬁ)&eepag cwlﬁlogﬁmn&qﬁes(%o Fon?ﬁa%rtgaﬁéfuap &Pas%t% an Bgﬂ??icétﬂ!g eﬁa@?

i nf or maithaRe @mpkisioya plﬂfalhg&)ft1derﬁiﬁbaemﬂkimeset8hdleledﬂhﬁ nderynﬁambnammcompnaﬂr ug in

the_liquid dru e of col lLectl t wast e
may” coﬁ?ﬁ?‘g%’"g%ft?%%fiaﬁ%&%efpﬁﬂ&gg ﬁ(lﬂ‘aw{}\grstg SOREELR %tf)rrzlilgtﬁmnge ? hgbllgn lq%%ril%tgs into
di f f er enatcheailidatifi@riocdmvbteios th GlefEkhtioh spave detsloasé hehin héreshold aamge;rmed hods of
determnin i den of a dru d | at

patt er ﬁep8(ftigggﬁg hg %utix mt%lsftac{r(])gse or%lp%%og tc%grglderglﬁn}h?g d%tgglt QXd {f ﬁl%c?[q{ﬂl %Ltggt

t he neﬂbmdn&t«h@ﬂmmsﬁqagon dagseiwiihimthathrdsinild raage chabmsgwhtcb rhp.ng wsdm@ ®Unqpblei<
immtt d?ﬁ?t gtr o9y ap le%tc VAO 2012/ 034084PCT/ US2011/ 051098 i nformati on for
an unk Oo fFYrsa Ei Pehe conplex immttance spectrographic information
t aken {00D65R Prhersebiof ysmgfthdprﬁéees"oemapply@m oankere patierrsreatgnitioptettimdduies mayof

di fferent frequen usi rocessor . to. I e or nore pattern
r ecognF?’T‘QfHet“g%%ﬁ éyef%orggpfpeé‘%@plfﬁe rf"?ﬁbfl'i“éﬁaﬁéc)i’é%igg Byorly on ST WE {mnl_s,i cation
space dah@magﬁcés@cwms applynghe @r mbmrpaiterh yecogmuodmhmqnhesadsmmrsedadxamgtﬂse wher ei n
the id t|f|c ﬁ?sets rrg |mnttance data correspondi ng
to kno e&?ﬁ‘bo 8’§1 aaSreng e 'Plé'?ﬁlr?%esf ?"ﬁ & Fnitial dataset matches an
i dent i {00D®b) onnc&aste@%etecélmgnhte hﬁtxal dﬁﬁﬁet Ifnh)C@TmpﬂEb xscbamg aiaamammsemwﬁgn a
thrgshold rg and. reporting that in lﬁd t.aset oes ?de not

b SRR 3 BT R (Gt SR aage ipecr o, it S prs R Taa g0 SRR B o
i dent i Gieg@t thamsEldmassdns,wid)hi n the threshold range, reporting which drug or
drugs correspond to the identification 00065 The step

0
of usi HP%He plserdlingof dgerayining the wienty © ﬁ‘b rgg grta&rg H“‘ﬁ@tf’aé ‘?CP%‘HZ’ &thni ques

nmay COEEHM&‘CB&&)QQ irfm iN@Abe dhay R WRIude sdtfp tRXBRHOR rafigePr obabi | i stic Neural
Net wor I n sonme vari atl ons, usl ng t he processor to ap one Oor nore

pat t er i0G488bgnTheists of winea RIDRSSSOR 19rApPIY SBE O/ TRRIE BALHE rF‘f?émgP‘h@H’é‘i‘%‘ﬁs B t he

I Nbp | alcorﬁﬁﬁséﬁsglyla?@voo&&ém&b ich th@EGB&S Forexanalb ad SethbPARBATNAsHE &R Of
receiving the initial dataset nay conprise receiving an initial_dataset

havi ng PISERsAL 8Pl Fisrer BOrecH2HER sqcegfgm(nd?chnﬁugsaﬁ@pw iy arpiineak et methadh 10

di menskPRguce %%%5105 Refe d8la gr\cﬁﬁ&ﬁdpﬁ@ﬁvg af6tRp@ert RAGENRGN EcARE\RI 6 B&erm@eC. ) .
[00067] The nethod of determ nin dentity of a drug or drug

f or nul #ithoiitigldatasetsrptihss ng‘?imﬁ%ﬁt’f’é Aafasst Thssisp éWSIWG[Hr%Cﬁ?@r tﬁﬁﬁplé P&P"i ncl ude

set ti Neghokdiaubr8&Batich €anGRes hHQQRBlselinRiam! @Blyﬁi% al&i AMgletBodo@6RES@E t O apply
one or nore pattern recognition techniques Oconpri se appl yi ng two

patf er dimeagign Al the driaselend Hiep ydag a pyral E@%It%det?rﬁ‘é“ed’%@ﬁ W SPHRAMHER s ng

the procasRQliof @tARP LY oS afdticPlish r8&esof lohd 6indre pAMRIO@ENIGORTPT | Ses
initial lK apployl ng a PSCA rrgt hlgd togﬁedIs uce tohg)caglgl?rgnm onrog he da}a and
4

then apRshuingg C@mmSﬁ%%ppbatgtaéWﬁarﬁ@éw\*ﬁ selegird trevm s SGHP COBSISYBE B MIIREEPA! f t he

i ni tialogdad r@%ﬁal?ﬁé GRE% ailyslsdftBebifon patshi® InddAdna&e tompbiént ShRisPmukisdbRgtiehe
pr ocessor to a one_or. nopre pattern reco%rﬂ tion techni ques nmy conpri se

initi alflllf‘g?t‘%lﬁpq"?r“ﬁé OBJeWUAf‘WéE‘%cPd?W"F autieds. pieh-mads gridinsnangirandql gat aset
andot heRjdksibRindhdae UDhg ME hREskor k@appBl & BF MBreiphtidrlRcbdhitloh dchhlgledsRy nat ches

comprise applying a non-linear technique selected from the group consisting of: non-linear principle

component analysis, non-linear independent component analysis, principle curves, multidimensional

scaling, and topologically continuous maps.

[00069] The method of determining the identity of a drug or drug formulation by recognizing a
35  pattern of complex immittance may also include the step of interpolating to get an estimate of the

concentration of the drug or drug corresponding to the matching identification dataset when the initial

dataset matches the identification dataset within the threshold range. Reporting that the initial dataset

does or does not match an identification dataset may comprise reporting the concentration of the drug or

-11 -



identification dataset. In sone variations using the processor to apply one
or nore pattern recognition techniques conprises applying a |inear
technlqueweameBaR4fron1the group consisting of: pr|n0|pewnmmwmmﬂmns

anal ysi,s, factor

anal ys figlgs ?ﬂrﬁemong giqg%%éfn}}gi'c?t L?H tase%glgen C;cﬁ el_nﬁm <§a’tas rﬁaqgetP%J 1r(]ig Q{Tgér)]tg)g '&Lt set ve
met hodsithinahethresotterasdegor i t hnms, and random 30 prolectlons nmet hods. Lblng

t he pr r 1,0 apply.one or nore ttern reco tion
conpriﬁ@ﬁgéglYﬁﬁngoh%wgﬁﬁ%@8?5¥§gﬁﬁ 588698?%%P%§”VF%ﬁ?%ﬂngcroug“39h3|stlng
Of nOBorhprl’sead’du@ﬁg fhe inptiat daoepRans foaﬂain)éﬁsluﬁl,s non- | i near independent

rinciple curves, nultidi si.on calln
Fopol oltuSat |y A5 esrlisn BHBE e oL TR RO B A e R Agon
i dent i by reebgnizish AAghtterh ol Edtih1&xAmMMtAL B BYibfaBCaTEAGW mp@exaﬁmatamrs,nh@f
conpl ex |nn1ttance may. al so.i.ncl.ude the step of .inter olatln
est i mafsthges %Oﬁ@“él%(f‘é"ﬁt"f“z&tai“brﬁu fiatf‘sr‘?bcoa}*’ﬁ‘ém%g‘ @‘r‘ﬂ‘@er@bolngle%oﬂ%e 'ﬁ’&“tfa CE't he
mat chi gkcirel@aphicfihfoahdtion falah as@bwiMigid bdaepld, Hetcb@pled alﬁrﬁlﬁa’[ce sEecedeaphiche

|dent|f|cat|on dataset W e threshold ran ting that. the

R A A A LA b el A R

COMPr i sRIuéifPME Hinkglsibikef eRAfiAA1dhadet gl lm‘eiﬂfbr ddSrUQne@f tech‘ﬁ@ue to form a reduced

2012/034084PCT/U820 1/ 05109 dr%gg corres 5h entif a&%fﬁ ﬁataset

when t ek deteanmige o elpseliohe iR At em e ﬁf“? 'de’E s daRie L PO ho

t hr eshegpde danas, wh&oia td]idehfificaibR fhacd dattbhse@oinpréseps PRANSQT idettifiuptidrydatises Or

nore pattern reco nition techni ues may .COo reducing the initial

dat aseCOFSIMINE 19 Py TPai SgTéﬁﬁgﬁTgﬂfg% g@’ ﬁ?%%ﬁgwg?5Wn are met hods

of det edsﬁefsmnﬂglgttme iddatiidatioh spﬁceaaabasg h@[;ngdnugog‘earknmwha& ihe Pedlbz;edrd_e«aagmtm ng a

ern o nnlitan ibrary o nown mpl ex. i ttances,

Dot meehoeso TSR orh i Pafe oh e et SRBE ™ STl o

rru Ikt i- ehaltm ras(h@mahmg f@ﬂ@siﬁmn bithdsk ldaigs mickipecih Hrddapfication fﬁaoicrmbase ]I:ftflcor an

unknown | i qui e, .1 C ex immittance spectrographic in or mati on

t aken Fwﬂﬂ?ﬁ(%Fﬁ?g%ﬁP§“BP?H?%?§$%ﬁfm§?ectrode pairs at a plurality of

differ @0007&] e qDRNE) BS red Qe Gilrdsidnd of Gk RS Hanst Biy dof@ritetipbly il adiaéaas et

using a linear or non-linear technigue to forma reduced dat

det er niisshHgreTsiRFied BB My e CP'éSEf’E}B%%f pacsebtompgrehERlys f?ﬁ@rﬂ‘%ﬁ‘% Bojegtion

dap@s etudit, &ldchdntt bdrhpgonbit @ﬁhlﬁ;saﬁeltmjeab@senctmse&wmmtolaﬁcﬁ\dem{cnénspﬂtapm
space dat abase conprises a plurality of |de%%<L ﬁg%lon dala

cor r es PEHAH §AERmMRMAABPT iy 2RI ARASE RrpiBTHons i e N gAtRag ‘f ﬁ%p %¥nown drug

CoNPos irddubifg e UmRnendf i@ itifalldd@sek etaiprisés :ppllin@ A nSRELAr Bainada S@edi@Miiongtht he
closest match to the reduced dataset if the 15c] oseness of the matc

Wi t hi n 50U RensisHRg of: posrlyiear REinCIplE SeIRpOneRf 2paly it nefikiFaRA qPFf&iﬁPtch@a?ﬂBPfeang‘é%% not

_mit ch ?rlkd?}ﬂﬂ\ﬂlrdé’suﬂulﬁﬂxmﬁﬁbﬂal Qalif addiesotogiialigcontifubighesh. REJubing the dimensions
i.cation space database if the cl oseness of tch is outside of the

1
{ h8s haF e I A AE 00 TR P SHeiPecte IPALEIG CONLPTRAIRTBRE of t he [nitial

d at asefogueg] COARS H&EriRARieHheihdd of deRBid @I 10éieand ebRektReod 6fanaridy gr oup
consi sting of: prlnC|paI conponent anaé%5|s factor analysis, projection
i

20pur s iPEniFingR PRI, comRIppB I Ince fiamypdivery of knewn sppRlc imittange thegpdhods
one- UnighmRiClebdtGing bhmlta PSaserROAPidineEnBIRGSiond AbmPreRRAkGit@h@Or | t hns, and

random proj ections nethads. In sone variations the step of reducing the
di mens isessEosPhicaformation for ap ypkiewp ligydprmnle dheLapplpx H@‘“ﬁtaﬁ‘ﬁﬁ iPICHPEaRhIY echni que

sebgct fforfA0 fak& fﬁfnpyplufaq@%fatffemt QMciroBOhirs b ¥ MiralRY bNGFBER feqrERGBE Nt
anal ysi s, non-1linear independent conponent anal¥5|s principle curves,

mul ti diredupias iR dimessians of ghe 1nitel dﬁ@f%%@ﬁ Tlinepryor g P%ﬁ@&@l%ﬁ o ety t he

di mensiggis; 2R&hins M dedlickd @asetad ASREIRMicH QPRE USiSbabS tHeGdenBfidalién dpBéd dafibase
dat aset down to four di mensions. [00073] so described are methods. of

det er nicPPrFnEfeFraEn of udsfntﬁlﬁﬁloeéﬁte@mwaﬁpewlww EnuuguesPPaR bR HGTginge

pat t er ieQfioseREPIRHe thaitH fof MB Eudeti ABaRt feldal SHoleadh of KIRAUN SQUNDA @XasbteI LT ance s,
t he _net hods conprisin receiving an initial dataset conprjsin

muP? i - dPtEEHENSAATOPOsH ATYE EXMPAsitiop Py AR ingytreskald ok ‘%EOSF‘Pﬁ%?fﬁ%W%?P fopgachp

unknowR ik §iéhGkicaBeA atasett, RhefeITRE S¥pdsBdidrhd @dhg%sﬁ&eﬁhﬁmbvﬂﬁhh&cl&éhéﬁ ér mati on
t aken fron1a pIuralltX of different electrode pairs at a Qluralltx
di f f er &#fchyis ‘éﬁ%‘éﬁﬂf tlgst reshold range; and determining a concentration of drug in the unknownliquid

sample by applying a regression of the proposed drug composition for the known drug composition.
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reduci ng the dinmensions of the initial dataset using a |linear or non-I|inear
technique to forma reduced dataset; matching the reduced dataset to an

i denti fi cwoizore/ispmee dat abase, the identification spacepdatsbaseswosiprising
a pl urallty of identificatjon datasets. corresp to known dru

conpos 0Tt et oo A By SR e A Oy R ETHRUEH 14 B o P BT s

dat aselgelfve} Rdcbé@ly hiRdigafoh, tf syl doﬂlgngmg‘ b p@ienOfofial esEhsed Beteive inforfiatich a
proposed drug co osition by ap a‘iytl ng a threshold to theﬁgag nes of t he

mat ch PBR Paials kealth ﬁ@rqca%ﬂrﬁwﬁ%% B FECeixe wiumation gnthepatjent Y drug

CONMPOS iphtigANmbifitod IMENO PRpart addRInfidiN&QA @f&veHoudELE Pastdoraihié &tldﬁ’smfealfhham v
t hreshol d range; and determ nin ncentration of dl’ldgql n the u(gknown

i qui d JEugFpmBORRYing system ‘Hg‘[o‘&mf‘%‘ﬁﬁ%é‘géf"“gﬁhed’lmcﬁﬁgr SpYiedEed i CRPPOMMFSEYE i on for

t he KnosestHdly teiRssol, wbbrein tNOIV2EH2¢ D ORHRGT Ak 2OHE MO it QA uﬁeﬁiﬁ@lxﬂdAl SO
described are fully autonated, nedi cal % stem confi gured to nonit 01&
¢ © ‘g‘é&. ent

pat i entogRRHager ?%Fowe@@%md #EL; drug dediery SYSEemLSPIPERTE B YR PYT R gD
noni t olgelGRAS dygbth @Hcdnnun@ebAitH thE DV BRE cefipdandiag Hefe@RAl the phradsédivhaein IV

processor configured tqQ recejve information o atien alt

the patdiugrn! ‘Y?Bh%yﬁtﬁ‘i“ Cé’lligmfsd he,idgrity and a?ﬁ’éf’eﬁté“rtﬁioﬁf’gtﬂ“éﬂ?gﬁg Phit Pi’\?‘@ﬁgﬁg’eﬁgﬁ’g&%ased
onjphe pght.ent’ s health; an I'V 5drug conpoundi ng systemin communi cation
with the rocessor and confi gured tq conmpound a drug uested y the

pr oces$07hheflsp feserked hretrafrmelbons SuteREs ftautAmabs F\‘tve’f"i’ﬁea Pw a
i denti tpyueaﬂ the GRAANE SnrisAB: AckrBRicdHQ RBRMOE LS nﬁ@x@al@xﬁfoﬂrﬁéﬂ@r‘ MBuCBlatiMe ky/an

system conpri si n(l; a drug punp, the IV dru%édel ivery systemin communi cation
with tReometcgy de xwétfﬁ*dwhae@ymaémﬁﬂ“{ wa&%%%éﬁiemwm? giug anddreg g
del i vely¥sagy b8 MeGaiidnk’s MRditdl SnfbStRAbA; aid /Mni ri@dol@in 88mprlRgghté drug as

it is being delivered to the 10p atient . 0007 Al so descri bed herein are

neﬂﬁ.od§etﬁ@rrm%ilcdéwaafiéw dasrge m%mﬁvt&amg f}leaétpme ity ligery pYsty™ Bhacipdtei ent

the metiersiCONRlie) Bientrh&fiofsQRll 6sHiiis G0 BIMPdsEioh biNfe dagidaloniat aroFmgi on
about a patient to an automatic IV delivery system wherein the automatic

|V del |a@‘§¥1$ﬁte§‘i¢s temdeterm nes a drug and drug dosage fromthe patient’s

nedi cal OO(ﬂ’%Pr nﬂe‘rﬁ%@hod@@x"ae@tﬁ%l’?'aﬁa ﬁﬁé%cﬁlﬂeﬁ&rﬁ?hﬁ;ﬁg%aﬁﬂl rha¥ialk@ idcliRe
15determ ned drug and drug doSage to atient using the automatic IV

deI i veithe siopof eapneaiing fheipatianhie t@ﬂﬁ%‘?é"ﬁ@'@@lwmy system nonitors and
confl IBUNE OIS} klaAthsOhe bR ISR aihcal S ABLDAATH ot er e

nmet h or accurately and autonatically elverlngadrugtoa
patl entsolnmn‘alﬂlstbeilmaméVldhléfeS&t%’ﬂe@f connecting the patient to the

aut ot kY SRS KL SR PREY LR TP B ASHON S i TR

i nclud aut onat I ¢ |ngt ut| on W th the
aut orratcom:ect it ed adnemlytemgggh@dmg Edb@@)ﬁS]FheT inethed maynalsa Q@mwsmhﬁmerraﬁh% entéym may
conflr ?Enek{]e conposition of the drug solution is correct prior to

admi n| he drug solution. The nethod may al so conprise confirm ng

t h@si dé@ﬂ079]/ ofhetdnwmpa¢ Neddliverd SyGHOMBY cofipeisaart iometince $pdctdzgraph@|syste$y®atem may
corrpnse ance spect r og ystem that con dion
of the® rfﬁrréls Ehglcﬁwos B O§§'et% efmn n?(ﬁ’rby defelin m1n§acorrn’r?rlleﬂ anr’lllct:tae |fh eg?r%?l nl%ﬁ rom

t he dr dgigsolutitn.on. [00080] Al so descrl bed her ein 'are nethods for accurately

and a“t[(i’(%bﬁ CaMsX de%grlil;e\é %Eriegl%reamgflcgjog f(groaccaurately and automatically delivering a drug to a

patient, the method comprising: electronically communicating medical information about a patient to an

30  automatic IV delivery system, wherein the automatic IV delivery system determines a drug and drug
dosage from the patient’s medical information; compounding a drug solution of the determined drug,
wherein the automatic IV delivery system confirms that the composition of the drug solution corresponds
to the drug and dose from the patient’s medical information; administering a drug solution comprising the
determined drug and drug dosage to the patient using the automatic IV delivery system, wherein the

35  automatic IV delivery system includes a pump and monitors and confirms the composition of the drug

solution as it is being administered.
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patient, the method conprising: electronically conmmunicating nedical
i nformati on about a patient to an 30automatic IV delivery system wherein
t he aut ormiDI20122034@kel | very system determ nes a drug and ecugsdasagmosrom t he

patient's medical information: compounding a dru tion of the

det erni ned drug, wherei BRIBE HQNP&gB‘éFgXMq@g gtem confi rms that the

corrp05|t|on of the drug solution corresponds tq tge dr%ljg r{ﬁ e frolmthe
PRKeIRE S PFSt

pat i entO08kbdi G | isreeAPhaiqvars the glastrade palpzatoneiigrt gfans %g the

det er nknEed,sthides AR EPEfiMG Qﬁ@fﬁﬂ@r 16ctioB®: HrainsQnd efftsty tHeRRcPdde QiR firterfabe
delivery syst em wherein the 35automatic 1V delivery systemincludes a punp

and roHRREGSeaRariR IT;lﬁ%roP]h‘/é‘O(l:d%70§Q§l &N of the drug solution as it is

bei ng (%Stl%eﬂzsasMQn%Qé@#&%Q%B’Q#aH%%Q.%&&&%&%g@BI stelrP6:RI PTI ON OF
THE [ 00081] F 1 is a graph showi ng the el ectro e polarization

ef f ect dqtmxptlwewr@msmn plonliEid- Ger gel y S, Econoni des AP, "Pl ati num

pacena ect ' § Bé"@a ﬁl&‘rf?&fr@. rh fof petormier f ace
|npedat@08$ Pac?%gée hr&{ghgggc#%gﬂglgér%ﬁghgwgl%0 37~ gy 00082]FIG 2 is a

s chenmimoitighcespestroseepyaoidetarngfe the cwn?ﬁltﬂ@raﬂfceél%l]é‘e Eﬂ@ égﬁha‘fﬂh?f@ ex3raitleoh arpgin
det er m.pi,ng t%@rd%ﬂﬁﬁpcﬁ%g%nq Neref 4% d didik Hiia%rLrQ Qpéﬁ]v&ﬁ%n ofa §1Qrfa@§$ﬂh1e§s &fctit,

circuit lagrans S one vari ati on a sy stem f or per orm ng
inmbtt axmd:léIGs b cnresaeppyt atsan@eqneus(ﬁetﬁétor ﬁécuwﬂtbé@lrtﬁit@rrpuwt FI6i Gisian Sxamps of 3

shows nl%?gﬁé %apépegau&?ﬂé%c%l(%ﬁ ?Ubaﬁ'd Q%ftdang Fi&. l’?' showll AQKaMle 6t 4PoH S a

circuit varliation o ampgq nthesis circuit, 5and FIG 5
is an éﬁadﬁg@alg‘ﬂlt@l%ymm OGS shpais @ap exam Crf@lﬂoc Py KerBQfSircHit | t er out put .

FIG 6 (50°o il . SR @“gan gl&%hwé | RELRESHR J@%rcm@%ﬁtlh wnlcqﬁwn%,lgmmar %

board ircu and ows an exanple o OD board signal swtching
syst errrenﬁnltﬁrorsﬂshcﬂh@fthﬂsy@mrrpl e of a POD Flow sensor circuit. [00084]FIG 9

ot oces LREL T B U b3 s B B Byt B SHEMAGHEE Al e T
conpl efrequentt ﬁaagmé 19i6H1 @rlfo b’.ﬂJZl-EI@aﬂ @Bsliows 8 cemplbeindnitarice pasgrnifar the sdmsr t he

fr equen&%{tlon eparm flrtEHﬁ”eq(u eKE%fSOOFﬁZ%fla(?E?%hOV\B a conpl ex immttance

patterﬁ he*'sane so arin e frequency range of 500 Hz
to 100 [60886] [ OPIG3 6] A$hGws bﬂeévmhmfemmsmandlmﬂgihre@paia of Bwsionic strepithdi ng t hr ee

pairs of |ow ioni [ h hj

str engte[‘?“(q:‘,ilc?’@f ‘éelﬁ%f'dg‘re%?g‘t& foln&fg gﬁF& fep _aL@ ey\eté(\)/\%gzﬂbe%%esmwgpn érﬁ)\/\;ize%fthw he

conduchbf the cdsmih&i’vle alatckial foinrigg thh éwd in@rdigitaesd dlegirddas eftbne bftbe pamieﬁ logfiomne of the
rengt.h el gctn

pairs of des. .and q e n i gh
i oni ¢ §'ir i) ergeaé’{l P §he i et‘ﬁ‘e '$ 918?18 - “ﬁﬁ'?\/\l/%iruiog& Iﬂhe %ﬁf gﬁéjvéé%a is an
i nsul a&ecmnglhlaya%a isarciesulandon tagerainterofhidhhad of the lsmtatur@sarablmed)tfmp edas fidedroarthas

L e PR ST SRS i 5 Bt IRk e
shows @OEUSTEr Wi, i 2§HoO8 atfthed vaRAISO6S d seﬁsioudblngng tmreeqaamfnav @hiclsowngtioni ¢
streng eEzctrodes configured in an interdigitating linear arrangement for each and three high ionic strength
electrodes.

[00088]  FIG. 13A shows one variation of a mount for a sensor in a standard SOIC-10 dual inline
integrated circuit package such as the sensor shown in FIG. 11A; FIG. 13B shows a side view of the
mount of FIG. 13A.

[00089] FIG. 14 is an example of a 5”x5” wafer densely patterned with sensors.

[00090] FIG. 15A is an example of another variation of a sensor including three pairs of low ionic
strength electrodes as well as three high ionic strength electrodes and a flow meter. FIG. 15B and 15C
show the sensor of FIG. 15A mounted in an SOIC-16 dual inline integrated circuit package.

[00091] FIGS. 16A and 16B show another variation of sensor including low ionic strength electrodes
and a flow meter.

[00092]  FIGS. 17A-17] illustrate variations of sensors having different configurations of low ionic

strength electrodes.
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el ectrodes, configured in an interdigitating |linear arrangenent for each
and three high ionic strength el ectrodes. [00088] FIG 13A shows one
vari ati orwof2oe/c3wasat for a sensor in a standard SO C 10PpdualS2einiosrees

chove. D@PAE Vit s FoRESmmn P Fietor P BO0BOFEP A BT T xampl o of

a 5" x5£oo&9ﬁ]er IdeRSRiBY1 spalllsahi @’ siisbiand PCBUTFIG.[10ARE I t6% pmger fuse oA exanpl e
of another variation of a sensor includi % three pairs of E‘g{l OnEEGSa
nd a

st r engiRasETiRETIYHESe femspsonmmeried i iyt RaginedneF BrRyeh theip

f1 ow mpgrergy ifstate SMB ARELOhS 6F sthidWaskdigblRER:A serRbrs hdmouhbsholBingy, @dtlidihgan
SO C- 16 dual inlinpe integrated CI rcuit package. [00091] FI GS. 16A and 16B
show aﬂBWﬁ@Pu@éPPfé&W%ﬁ“Wdé@H“s?ﬂ“ igHaW&i ng | ow i oni ¢ strength el ectrodes

and a fooRosret|Gs. {ﬂ%aiibﬂ@ onk {AYiakibd of 4 b FRbE inViddel B fi QRSIoNbS SSLMDAT S
havi ng different configurations of |low ionic strength el ectrodes. WD

2012/ oﬁlﬂ@gﬁbmm@smmzmw@df ooesiversnd and gde pESSRATEY b aﬁwoweb‘ra"a“@ens or
mount egde £ Qo ?c{r aanﬁ (F'Ié %btshm@a[nckn(a'é’éé@)uad&%%&\!f bfRe md&Breb® drtdeust rat e

t he sensor and 18A coupled to a plug or tube for measuring

i mmi ttadﬂl?@r/fmob‘moéFEeﬂ%r i rmer sed in a liquid passing into or through the
pl ug/t ' & ah| b@ delvRins ABsheQfve 5 S MouSREMD! | €5
(e.g. @@RZ rgﬁgrﬁé‘ﬁr}r\o%lﬁtzé %&lﬁ%‘%ﬂ%&pg{nnc f I ng Som%tehrvglzlgh coorlllfl gurations
and st sins@ hewing a spptuant foostatic r{l@ﬁl@%ﬁ]f@ﬁ&wdlcgﬂra@tpr@ﬁtli% IBRBHINENWEERIORY on of a
munt L(SUO9§ IfﬂGgl ﬁ %83%13 gﬁ'oa\ainoﬁm@r \%frlaﬁ)n O?Q%%(mt tf)%q’cgr?é £ gegﬁ sc?tgﬁtl?eosgrls%pow
si de perspecttive, he , respective another variation of
a nountarfcmmrrmn&euasmhalﬁh@sarﬁ;ﬂ@toéiwmmacﬂ Bnmarigpade Spbﬂma@’parent vi ew of the
nmount ad rmun G .20A. [00097] FIGS. 21A and 21B
show si@gggrg%g§hﬁ‘6‘an§%§ Odveactlmgmal:rrn%usnﬁectlver, of a nmount for a sensor
havi ng [@00360F WFIGE 23C shbat kibth¥e aslatienamtcy iddrical gududt lekiag amitipld ssisosgorby

i mm ttance s%fct roscopy. [00098] FIGS. 22A and 22B show anot her vari ation
of a mBPRFI§¥IShol ding a sensor so that the sensor can conmunicate with a
l'iquid EMl E LIGSbeseshaws ﬁﬁ)dmebyariaﬁdiﬂ dftaamnsat iagedihg sveioldddRORAFIFI2ES. 23A
and 23B show a cyl indrical nou %8 100] FIG 23C shows another variation
of a cyMidPrERPdeAIENOof Fgvrangt 'Ig’tl “sensors (on opposite sides).

[ 000101300th 5. Fiédle sehossilafiatcabthMdatiaion Oa Sinsck nfHRktonfigheddud b hgd &amever
nol ded hol der; FIG 24B shows an expl oded view of the nount of fi gure 24A.

[ 00010290010 Es. FHEA264E6¢ shaysanotiervagiaian b sensen maunber heldercoafignecst as part ik a

configyred as a lead franme. [000103] FIGS. 26A-26C show another variation
of a sensor nmount or holder configured as part of a frame. [000104] FIGS.
27A- 27CUHON 1FIGH 2742 Ueshawdroni, dide prsidsaerspestiva yiews respesysbie of @pilarysiripg

capi |1 af ¥inhe s%néBPléﬂ{gl 1fngfhe o3& 1S Um l@h&lQWanplg actfoll 9¢thin acalsgyéﬁgie%mfpl uid via

capillary action within~a |sposa estrlp 105] FIG A shows an
expl od¢@OOLDE]l KIG. d3reshpavs pmeiphodedyiew Oﬁb@rwprmgnmﬁwammg maui geraensor FiSs.

28B- 28 t fretahe
2asentP A o e G B BB B i s T SRR S o
attach |[®(§)166]1t EIGt 2Splll|usirateo onumgthed @Fatachof cantaw pm@to dutplutipadm ofe shenfwlhip arount

such as 0107] FIGS. 30A-30C show one
exanpl §la8‘1pm§ qu Sﬁ?h rfmunEShOIWé1 ”(I:ﬁmn%g&s formed by coupling an array of

sensor SEO(I(HIOG]MIFIGS EOASB ([0 ﬂl)owtome axapipler Ialphyalm)f ofosynpla dieamsbersFbr@ed 8P fovipingansi de
Pers pe%%rél)y g'\f s\e/rllsgyg (sh'cz)lwgm g S 1p) to a pl(t)xpahyyl E%cyh ers FI-l Ig 3()% iSa 51Sde pergﬂegt‘iave\élee\'\v FIG.

30B is top view and FIG. 30C is a side view.

[000108] FIGS. 31A-31C illustrate the formation of a well by integrating a layer include one or more

holes over the sensor that can hold fluid. The well-forming layer may be adhesive. FIG. 31 shows the

sensor onto which the well-forming layer may be attached, as shown in FIG. 31B. FIG. 31C is a partial

section though a perspective view, showing the well with the sensor on the bottom. Any sensor may be

used, including those having low ionic strength electrodes (not shown).

[000109] FIG. 32A and 32B illustrate a system including a reading/dispensing head that is positionable

above the sensor or an array of sensors.
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[000108] FIGS. 31A-31C illustrate the formation of a well by integrating a
| ayer include one or nore holes over the sensor that can hold fluid. The
wel | - f or vogoi2zopers4nmay be adhesive. FIG 31 shows the seasas2antosiossi ch t he

par 1 afoRHA) o igie & o Rt U SRR mtBicng THE M Saorei et ns o

on t he oh eetsexi¥ors Aiyig Sedipsarby Ryadhg hesied shawnth BiSIg2Aahose having | ow ionic

stren ctrodes not. s vvn 00109] _.FIG 32A a 2B illustrate a
systegwqul1 W&Saﬂr"\(eaé‘d@ﬁaf S@%ﬁ%ﬂ&‘i"ﬁg“ﬁ@!&?ﬁaP‘ﬂ&lltuflggf)pfg‘i‘g’?‘ﬁf‘nabl e above the
sensor \ji@UOlQ-Q] A1GRY3 A 35O RBEN Sne varlifdod B 2L IAB4RB AR 1ISRE APt A9 B- 1[I QéhEhg]

FI G shows an array of sensor (simlar to those of FIG 31C). having

vel | s PEeRRY: JC 8¢t s Wéﬂﬂeﬁrﬁémébfngfﬁﬁd@gﬁ%q Goynestor ANy 2lang withpddtiordad as
shown IcéhnEét@'éele?n%ﬁs f&@&%étilﬂlg t&h%tubﬁé/énea@ﬂks F48. 138 s Abrmspugit Vidwiodtheon of

a nount_using a lead frame. [000112] FIGS. 35A- 35D show one varlatlon of a

connectidf P%m\lfmgfalpur&é@ agensgn F1G. éécabpvrsahq %l#few%?fsﬂﬁ&%sfsoaﬁmpareﬁr EG.35A

shows BhB sesaeRdYttom ViwWstitRthoh iy SO SMeR a RMWr MBYEOdonAdcRAg W th addi ti onal
connect i nq el enents for connecting to fluid tubing elenents. FIG 35B shows

a transpRHaal KIS 6 and36B dliugiate fonaeqtion 8f rgnivninthe hoysingmewr shawn inFI§. 35C
shows 5hg. 3§DQ§W¥FI §§’\4 QhndeldPandetkifkthechiANS RAE&IPling fib @Bnsod aths RVT alshigenbRE t OM

vi ew of the housing/ nmount, where a sensor may be connected. [000113] FIGS.
36A andetggBning ligd somresiighnect i on of a sensor to the housing/ mount shown in
FI G 3%dy032l amGet is ﬁ&he@v&%@ﬁ?fﬁens@?ﬂoﬁxﬁcm ng nmechani smfor coupling the
sensor to the rest o a systemtor determning |iquid conposition. [000114]
FI G 370003 15hokIke?8 shaws twd ssnsopfmosntsemsestedimiagndem §nd@0 v1BholinGthag@agbows t wo
sensor t andem and an overnol ding that may be positioned
over t%@?@&é&gﬁ&%g&%ﬁ%{%gmw] FI GS. 39A- 39E show anot her sensor nount

si m | af0@03 16 heFIGRe3%htkshow akdtisr s@igor rrdu@ suagatkte;th@\mse shown deFlped 5 pEet3Pke vi ew
wi t hout, a sensor attached 39B 9 hows a
o de VR BB RS vl o RRUE R B e APy B o N
fluid Showatshipwipw witkea srmsmaﬁachdGFIGQEDshmnateathpélre;pecd)ﬁﬂuai Navethowgh the sensor
attached 1o 000117]. FI 40 | npl e of a sensor

nount . "[056 ﬂ(g“]ejggoféwsfl 8% an” 1é15°<V§° &0 at%acﬁ S(t;hre mn%lﬁﬁt and a fluid flow
sensor [OGA0DML 191. H)@Snotmaéxa&aﬂbwﬂalsusbxnameltone variation of a sensor nount;
FIG 4 h he nmount ass in an pl oded view, FIG 42B shows the
assenb%@%fﬁ%gﬁi%[b %’oﬁﬁ?exaawze Ia@ ﬁrﬂ‘f’ué‘h@\%é‘t{é’“g M §e3%Tsect i on t hough t he
mount . {@(QﬂQQPOﬂIG@ £33-4743hudak b OWiaab0bMeknsoAMbatt] G, 4fA do&ES @oufOUNt .
[000121] FI GS. 44A-44C shqw_ anot her variation of a sens FI G 44A

shows #HEMBYIHALTBIILNIPTiTNG: 128 shaws %ﬁﬁ%?mblm“%oﬁ@o%saéaﬂcéégﬁﬁ’ﬂﬁﬁ“l s shown

in Fl Cﬁanlg%&t@n@loﬂglgheh@QIQlZZ] FIG 45 is a nodeled flow profile though a
nmount / housi ng such he one shown in FIGS. 44A-44C. [000123] FIG 46 is

anot her[OQpé?p tF15%- ‘b% @%@ﬁ%’éf‘o‘h%dﬁ‘t‘a“a%g%ﬁ?r MOR¥| udi ng an encl osed chanber

for 1036801911 | Pl dsdaRaREsto@Sh&fler vhORRA & sehildPmoftdt; FIS, m&ﬂws ihe@bhitbpen of a
sensor nount” assenbly. [000125] FIG 48 is a schematic of one variation of

a sens6purlipgpohospuntjagsthe ssemblad meun isshewn indlES A8 a8l 4&C.vi ews,

respec { Liak | I not her
[SSPeCURLY) A, 908 NARLE DR RS By QOITI B SR BRIt e
one va#itatiten of a sensor including a protective cover over the el ectrodes.

[ 000 1.22%9& bS P& hSis AN Fhria¥iBh LA deRr Bbuft 2RERBH indIDGhESH B0 aRhARFFl Ve

cover|
loading liquid to be tested.

[000124] FIG. 47 is another variation of a sensor mount assembly.
[000125]
[000126]
[000127] FIG. 49C shows another variation of a sensor mount assembly.
[000128]

electrodes.

FIG. 48 is a schematic of one variation of a sensor.

FIGS. 49A and 49B are front and side views, respectively, of one variation of a sensor.

FIGS. 50A and 50B illustrate one variation of a sensor including a protective cover over the

[000129] FIG. 51 is another variation of a sensor including a protective covering.
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WO 2012/ 034084PCT/ US2011/ 051098 [000130] FIGS. 52, 53 and 54 illustrate one
variation of an IV check system as described herein. [000131] FIGS. 55A-C
show exempbaniz/serseens for an |V check system [000132] PEr@ES2&6/05®9&N0t her

1 T ot FRaSGLAGs: S Vo ReREE e GuR e aCN ety e waferReBt015a]

FIG 6 ddlbueptﬁxeseﬁAacglwa@@@m§tafyslaremrfomev%écnsyskum.system of FIG 59.
[ 00013 Fl 61 shows a package of sensor tips for use with an |V check

syst em @132k Flpetis prathsr prempimosessy 9rpel clissk $1§EM63 are anot her vari ati on

of an S L i Y/ da8&iRE Gergin Ot her
vari at :[(?)6r9q ?)?Fzﬁlﬂéﬁ\;fEseﬁgzséjmﬁmﬁggg%g%%%ﬁ]lfégaﬁégzﬁﬁgﬁ gG% show ?rr ont, side

per spe¢@i0id4hnkIGssWidluspiatsne sens@spipdoi use ith thefsysianpeffds. ari ati on of an 1V

ol 1 velfUget chiveagpuat b o GrE e FRuts b T ol ERRPL B Bleln
t he | V[eBI1B§ErBIGSy6X @th6d breahathenveifationnthnd VBhedkGRddd 45 debdriBed.69 i | | ustrat es

one varj at f..a controller and.monitor for an |V delivery system
confi g&‘b@dﬁﬂ R G4 5 e qBetas Hiabop R a“c‘Xr?ﬁ%Cé‘isYﬁ‘% (i ncl udi ng
concenfaa1BoN) FIGK. GIA tb Y6 € shtvirodSsiddgsspdchrchnb eieliws, r&paliddy, oF hsther 0

illustrates one variation of a nonitoring screen for nonitoring nultiple IV
del i ver§riatiga olapdY chesGI¥eN: FI G 71 is a back perspective view of a

cont r o139 Prriak. 474 Salel7B eukersy Stedatisioniof & IVt @1ivdHe systeid @lpleditoshovBad. n FI G
69. [O 0144& FIG 72 shows a front view of one variation of an active IV

del i vel§003¢8L eI pitis aentheg View of thsI[¥ debivent pemgf e G ddBnodul es. [000145]
FI G 7i000§1 #@]aﬁﬁl%kss\’ﬂlﬁwa&fs ohd\Gurig o MeHirofbrGnd Zl%niu{r%}g;r‘ﬂ@halfvglg‘ sg%é’r% ZhOWS a

top view Vdelivery systemincluding a punp confi .

cont r okbduet! t4 mergtor prakrdeterthing thy gemppsision (iheludieg waeaatiatian iVifgi) et the 1V
fluid. %s%ag‘fddfﬁe‘ IG 75 is a front view of the IV delivery systemof FIG
74. [08 " 76 is a back view of the IV delivery systemof FIG 74.
[ 000149000RKHE] MB. 7Gillasiateh ene wariationaff atrivsitdyinglecredn fanmenjtorfag invisiple ¥ deliveryy and
FIG 78 Site%la side view of the sane variation. [000150] FIG 79 is an
exenpl a¥y 3isp| ay for an active IV delivery system such as the one shown in
FI G 740(00843] ORIG1 B abhdB. peBPedtise eaw ok ecquiralley fatias pY dlivegrsysiempsimplartothsl e of
an active | V}gel iil\ll I(% iystemthat may be used with the main punp nodul e
shown I"HEPEOFG. F 6152] FIG 81A is an exenplary display for a

nmoni t of000d 48 r E6n7X shiows® frbiitotidwnef ofiel virlapibreofaa bitive IV delivprycsgstem adcluding) |V

del i ver astems.. %0@?153?If Fl I 81B shows one variation of a systemfor
aut ona MU' YOUGHMAFEPEPPIE MOP I8 ug sol utions to a patient. WO

2012/ 034@B4PLCTFIIS20 2ha&hAEBof G dr]of FIG57282 i1l ustrates one variation of
a punp mechgﬂi smthat may be used with IV deliv

her ei n.0QUIABLEEI: F Bows staprayselearL delip e et gmpeo lgﬁ'isfﬁ%)i Hechani sm
that nayndRBed/§eshstattially basolebd HEAMectNTHAPTitIASEht e dutacr ei n.
[000147] FIG. 75 is a front view of the IV delivery system of FIG. 74.
[000148] FIG. 76 is a back view of the IV delivery system of FIG. 74.
[000149] FIG. 77 is another view of the back of an IV delivery system, and FIG. 78 is a side view of
the same variation.
[000150] FIG. 79 is an exemplary display for an active IV delivery system such as the one shown in
FIG. 74-76.
[000151] FIG. 80 is an exemplary display for a pump module of an active IV delivery system that may
be used with the main pump module shown in FIG. 79.
[000152] FIG. 81A is an exemplary display for a monitoring screen for monitoring multiple active
(pump controlling) IV delivery systems.
[000153] FIG. 81B shows one variation of a system for automatically administering IV drug solutions

to a patient.
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[ 000156] FI G 84 shows one variation of an IV waste system [000157] FIGS.
85A- 85B show front and back perspective views, respectively, of another
vari at i orwof2omv3kog4swast e system [000158] FI G 86 showspomaSeanioatopon of a

ti f _cartridge.. [000159] FIGS.. 87 and 88 sho:
Car 1 BB 5 flo00Reby telss s Ranlematr Prbh Tl (LR A B B ChT st o

syst emysted3QdLdibedlefein. 90 il 1 ustrates one variation of a systemarchitecture
t hat used with any of the systens describe herein. 00 FIG 91
shows %tf g?&a n%peg%‘ﬁluﬁragef/ oLy %%W@/Pa‘ffi APURIMERNAHST B MRy Ef)t‘%g “ﬁ“%?e]ﬂ%lév “Ph any
of t heswynls@eRideakrdded herein for immttance spectroscopy. [000163] FIG
92 shows one exanple of a system for generating an inmttance

spect r SI0AphY FIG; 8 shpys oqeptiativn P 1 ¥ WHEAYYSD show enl arged detail of the
syste nT(QfOl 541G F183. 3A08¥L8sY fichGnd B4ckd detsHktiv @igds, RBFecH@lY, 8F ArldtheOfaridtidnl W
sensor (hot wire anenoneter). [000166] FIG 95 shows a lithographically
manuf aen If westewseon of the fl ow sensor of FIG 94. [000167] FIG 96A shows
Si X Vers a i r l:ig.edata with increasing
amount L e P e e g ML(VEG - Fi G 968
shows {0091p2} tIGAS8Ant 188 slrowi 4 depsoatarmidgse added for Furocenmi de at 4ng/ nl
(FUR) ; shows t he tterns Wwih artifici noi se added for Dopam ne
at 2@1@@?@?%}%&8&?6“055 nseﬁ%r\@o? ﬁ%eanplgt‘%aé{eﬁg&%'t h artificial noise added
for M ¢geo0abam HIG. 9 Hlowlated ofdWabition[oD 6 Oylsted] aréHitectw® Thas Inayvse Wshdwith any of the
deconposition/restoration error using an individual principal conponent

anal ysF’és.ten[Séiﬁffi‘%ﬁ‘erTi‘?'G 98 is an exenplary screen shot showi ng the use of
an i ndiooodeal HGAYT @eRBbIEURaBRIDbf £stem sehien@ti¢c @RiOYMay boddapted Br u@9n aydifcat es
the timng Or%s,ﬁ he, rr(gt hod _of F| G 98. %000170] FIG 100 is a BiPlot

gener aftsd B AescrErORErn BEARHANSPSPEIGICORY £ | Ui ds to generate primary
COMPONeN018PRCIAIGENLMHINASH dABmpik bf £ dy¥@mITat defdritng ah @RikiAAde spdctabyraghilibrddy show
exanpl es of the pri ncié)al conmponent projections with the fitting by

fifth- R4 HoEndH-ID shomasiarged detpihaiihe systepod i 28 FI GS. 102A- D show

exanpl P64 3 ] i W itting by
fifth- g@égﬁst)gﬁ 3(/} h?)Ammg%ta%E P {;/é;\gm]gtgrﬁl erl—églggisﬁggﬂ[(g%%vld%a%aﬁrﬁgﬂ;l% IS a screen

capt ur 0@A6G) NJGt Peshows alithggraphicadly mgnefaqeaed yasdomafdhsellomosepwept FIBy94 dr ug
f i fodmittal i i L F OO0 FI G
rom ag)da(ﬁgﬁ)yF I% 9éﬁgéﬂowts ?rlg(ﬁlgrs%gsreﬁ%a{s?tg)f ?glg‘{ﬁ%ncfe'sg&ﬁgﬁéﬂh% Sita \ngHPéZﬁ]fé

;
104A i t” of co X1 n or steri wat er . 4B is a
pl ot ofmbines efenificex néisaadt¢dafiacéecimniuBoAN mgiD (YBIR FU3 0B 4ReyF/thygrodrts 981 098

000175]..FI GS.. 1 --105J W o fst {2 Ut ions
o e e LR
t aken wailded ferTBophmive s gmbOMynk F{G.196Brstivws thapattdins witk ettificidiomise g0 {76]

FI GS. A- 106 ho ex immttance plots of Heparin solutions at

i ncreai‘?ﬁgagzoégnagg'ﬁpﬁév?lﬁ@@'i n DSW frequency scan from 1001-1Z to 1MHz,

t aken {@at68TaFIG. pachoet eetdecdpssiti¢idOfdraiidn drlo3Bingldd 1hdiviuaHprirvipal @opphedk
immttance.plots of Heparin solutions at increasing concentrations in D5SW
frequeAtd¥Ecan from 100HZ to 1MHz, taken with el ectrode pairs of

m ss- mMpoe16d] NEIGabSis ah GRMDTBY sckdefoShot 3KMBAngliBIRe Shavindictded PSAGtEchniqnosptied

programfor i1dentifying a drug in a | ioni repgth diluent using the
data i fRIHESIRE R %{]{Shg%\hﬁ‘d'icﬁe%f‘%%?‘m%@g%fﬁgﬂg0'{5@6’0%9] FIGS. 109A- 109D
i 11 ust r@dea 701" M6, 10¢ i b BEPistEengatéd el GlobaleC A hdfalyis Of sl@tidpol gpmeedatt plimdriy t  of

conplex immttance spectrographic data. [000180] FIG 110 is a table
showi nGOPPRICRISBIE SpForpasing 2H §ye Batespst em i npl ementi ng a Probabilistic Neural

Net wor kodd?h)  Eesh g 1AUs sidv Ldmplel btnd fghchRIRAPbAOFoRERs Hah theifi@mgbslr ug
' dent] tt%f/“t%)-'order polynomial curves for Insulin.
[000172] FIGS. 102A-D show examples of the principal component projections with the fitting by
fifth-order polynomial curves for Heparin.
[000173] FIG. 103 is a screen capture showing the results of using a PCA technique to identify a drug
from a library of immittance spectrographic fingerprints.
[000174] FIG. 104A is a plot of the complex immittance for sterile water. FIG. 104B is a plot of the

complex immittance for DSW.
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[000181] FIG 111 is a table showing the results for testing a system
i npl ementing a PNN function approxi mati on nodel to estinate the
concent r avpani120f3448he drug from i nm ttance measur enent s. POETARVIEDS1098

DESCRI PT] OF_THE | NVENTI ON [ 000182]. Describ herei pn .are. devices,

oyt embT0CTASI HRICROULS Ar B SpiapRpRY HEM KB QRSP T B BT S e The
CONPOS icdcOtratiOnshe DIM, GedicAGcaByorh NIOHILE 1M, fakkintiti the RIv iGNGstangiOr €
conmpounds jn the fluid solution (diluent), and thus may refer to the

i dent i {ipterdigitaier) degtadsont ext s both identity and 5concentration of one or

nor e ofo(N96E EIERPUSAID6) HOwWSBRBleY ﬂfﬁlhﬁtﬁhdégbﬁ)ts dHHep&n bh€osanpoRaes of a
| i quid may be determ ned, i ncludi ngothe i de

 de ntity of thﬁ Iﬁéﬂuid(e.g.,
sal i ne conserirafionsip PS¥; &e@itacy st Fow %Odwze@?"d@ma & _E"rtré?fi‘??' are
It aBRA 793P SEIGROL7APIYTA SRS E&iFiex( i ifdhcOFts BEHefaflh sARBERY iRIA&Sing ef erred
to as admttance or inpedance spectrographic s?;stems) met hods_ and devi ces

whi ch detcentratipes ip B8 W ageasy sspefeam { tadMHz wheievig clecade Ragapfmishider

mul tiplg:sd hage conditions (either sequentially or in 10parallel) and/or
at multiple applied frequencies in order to determne characteristic

pr oper {94 78hak1G¥al08hel 0§Bstow serepashofsrfionea pragram deryestifing drphin gdeW-1a8if ar
the sy IR ¥ ' YhaP& ot apied fRa-wsa W th low (or |ow and
hi gh) ?%nl C @?%ﬁ%‘?@f?ﬁ%ﬁé@d@oﬁolgs] A liquid inmttance neasurenent

t ypi call080178) o FiGS 109ve 10fnBlusteteamutvedittinghising e &urth ped fiftaglaaelynemiaf@wént s a
of the | r response of a liquid to applied electrical
currentcgrgélgﬁ@gﬁglgga&%fg%ﬁr(géﬁpthlgcg%%éncy, set of frequencies or wwthin a range
of fred0e18DESFIGT hdkie a tblepboveing the sastngakesidt ferorsystemispleénting e Brobapilistict he

i n-phase a u or the respstjy eacti nents of an ac
res poni%’?rallhﬂ?tg'oq{ggﬁﬁ?%gtém?usea%g%i {hgé% S lJrggf) é%%?&c?? Xﬁ%‘?’?ﬁ%ﬁﬁi fication of
| i qui d$000d8porient Bl is A tdbleGhbwiag tiaaesuftafor kestigar dyyterh dmpltreentidg maPNNifomtipion  of
medi cal |iquids, ticularly fluid.medications,.as. well as determ nation
of theiaPpr8’gﬁ‘8té?ﬁrP§?’[t8ﬁ5t5?13§e t&%%%{‘é%’.“%’[ (515’1(%91% t??—”i’ EMISATGE BEASUETE n{\a?ari ation of
a generic description of a system (which may be configured as a device) for
determ ni ng the conposhETAILED DERCRIREGONS OF AHE INVENTHPN generi c system may
be nodified WD 2012/034084PCT/US2011/051098 in a variety of uni que ways as
descri heed1i80] gbesatiesd heetnzird ddyizky vy siemspand exetitods fonetomining the ampositionéfng and

adapt t.he deyvice for.specific applications..[000185] For exanple. . ystem
or dev}h(g'éld?‘ra eicﬂ%’f’?f&gngo geeigegpmg‘g??y gk ?ectgf’ fd%/r,’t% ﬁfgmlseeoﬁén ore 02)5{;58 Wi Imﬁtaés a
pl ur al iftuid sofutied @édtenddiasl thRGy 208 tp the.identi®(bd Jn somachntérashotigidentity and

| i qui d-contacting region 03, 203", cera 203%) e el ectrodes,.
a1 AngStehan Pore FRSiof ik coBRp s g0 e P B TR SBRRS PSRy
t he el eclybedeeintisd| hcluding the ideayty bétha liguid {ear esalinebete. g gitenysedmst inethedsaod r ode.

The el ect.rodes .are electrically conductive material. At least sone of the
Tectr SRuES RS RLG Tt iR e i Sl Ghieh ey B Pl e Rleed 1E
conpl exo athdmittaaceoe ifipainice spaeoegrapthét systems)adetbats @sdddvives whicluddterpanertie of

el ectrodes depend,.upon.t he i.nteract.i.on of the ueous sol ut.i.on _and the
C omonenialebr bR FgedtBR B o Rl ik ANl AP stecd B RGN SR

| i d0i d-peah¢lpaidiongt wsultiflaegplied fréyuencidstreorderrtd daempreapandtéeresc piopatiesdhat giay he

si ze and terials, form ng the surfac e cont.rol| an t.ch to
enoon aredlp Skt SBolfiod, 1E sRHEIA Y oMt ASeSENERI £ Bt IR GNRE

Typi calvith leaddr |ef acithighfl onpastrengtialjquidsve at | east one | i qui d-contacting
surfac is different fromliquid:-contacti surfaces in other pairs,
oo arTaddBaL RS IR Rene biRR bR M Bt BRaT e SOFL DLy
The sensgdingy egiponchtsa sraye dermbiigatenSach asponed ofa Igeidas gipedelecatpbruabhteat

155ensor, an integrated sensor., praobe, test .cell or st chanber, tubing,
o T5ny aperF R it SO G0 aneef Bousatly. 1 FRRGER froilsp 9"
or t he sbinétnes ifefpizabd the rphaenind dusipmsabl the SeiRbenid fRagivakanponaas ofdedc A

1 -di b . b fi for. i.t.h .l tipl .0l .ut.i
R T R S R e e R R S

and particularly to the identification of medical liquids, particularly fluid medications, as well as

be
th

determination of their concentration and dosage.
20  [000184] FIG. 2 shows one variation of a generic description of a system (which may be configured as

a device) for determining the composition of an aqueous solution. This generic system may be modified
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[ 000186] A system or device may al so include a signal generator 221 for
applying an electrical signal 20to the liquid being exam ned, and

parti cul avbypomosemss one or nore pairs of the el ectrodesprm/usb@i®snsor. The
system generat or may operate over ar e of frequencies m t he
o/ T e e SRR MR B LA W ERRDs i pAEopaR R of 10

to 30nja {ﬁh@d@,wégdsr%b&ﬁﬁd’@yh@ﬁ@{sy frequenci es and anplitudes |arger or
smal | er Fhan t hese ranges. [000187] The system may _al gagl,y £C| ude SI gnal
e

recei vEI00283] ther exagpls: 4 pstymens deYieschay ipcdydeysgisar 2070 g ypi %?FPF%

conpl el"ncluﬁ&'atﬂhﬂfﬁllﬁ?of&ecﬂodes‘(mel@aﬂce;mﬁqnéatcﬁ BRGRY)a liguld- d@ﬂt@ctﬁn@@é’gﬁnﬂwﬁe@ﬁd ion
using the signal receiver may ne wth a sjngle board | ockin such as

t hed Sci-t-8637 hgﬂ‘?%ﬁﬁﬁﬁtf%deﬁﬁ@éﬁ’e Wﬂged&@%t Thg ligyug- %’“faf:% Tegien PACIEPHXEYN cal | y

range {@MeleirdR 1tl9f/ oﬁiﬁ Qﬁ? g DErALe JubBedi IR eBidflodeO Theelédti®nte dictrichiey
| i quid bei ng nmeasured he excitation voltage fg‘% plied and the féqu ?\ncy of
u

oper at FOWUCtVR @ateriglh Ayt leaﬁé9mf)éfth‘a?lFﬂtr8??§é‘Efylhﬁvesqj eng liguidgantaeging spiriac
advant gagidbd, e oy RRBURithRB gntfanc)RlcRAMhQhctoes Migidualpaitd dfelebtdles may
30i ncorporated into the shR O board.. [000188] The Segﬂ?otﬁi‘gso d/ or

r ecei vEFPERRYPI e ipfgactimet B AvFgUy %?HS‘P‘P fdchg ?OHWO“?‘FSI k¢ Bieneh ée f‘ir

SON® V3fthable@Rae tﬁlﬂlﬂ%%ﬁé&fﬁbﬂl@%hﬂ&@ﬁ Bhu§, @ sl Fhde @Fopeitids (ﬁxQﬂludﬁnglﬂdklzl&ahd ng t he
applicati on of t ectrical nal to the one or no

el ect r Bgtgals fargngdhe sufacs) Panbe sonBolted At Bached s Kroxmes Stﬂ%’?&"’?ﬁﬂ“‘%ﬁ% fRe a

cont r okdofins BBMe LIBGHELE TopibdllyGIEY elecbRG4ir Hay BhREIK Ichdt Ghd g ulBARCTE¥Brficor
coordi nating the_ 35application of ener to the elect{tﬁdes and recei ving

conpl efhat isditterehfiem &8‘!‘9 confpiing %faé"‘rﬁ"b?tg?ié’@‘ir% 1 varigtians g5 g SYSSRE forigh 219,

may  al sRidpRcdidtdededhalfeieudedl The sefsdEREtRPEABH R Ferinied @4 Wﬂa@@afatb&)r@@mbkex
admttance data, and/or comruni cations el enments (not shown%}%J rag?tgm ng the

dal® oFERsPIRY iBEETAIY SimPRcPrahe, tefigsed anisst e@ar&saﬂ@mgzwf’m%%
COMUNig&ade, QRdh BEARIp (§13€ I Pithp)0br RS 1iIFRDispEdABLk af &eniAlspssabls sedurs &8 pendi Nng t o
the multiple complex inmttance dat fro t he Iurﬁﬁ’l?tg of el ctrode %fl rs
on t he igBifedrA é"c’“‘tﬁl‘i‘sp?sé‘?léﬁ?“s?rr‘%ﬂ&éﬁe @0‘6&‘88’]‘% Plgensgn ‘anct%?rﬂ”is | er

may i nebiide e bwagbeidpnmegodlad]g/or hardware for control, data
acqui si tion, data di splay and data storage. For exanple,. one varl j’;\tl on of a

system [QRA1BPY, o systerparidsyies may Hsa ipglpderrsisnphegesralon?) Tasmpplying amelgetiGa! signa

COBH UNES hONqut bdind &BmMe&Wnd 9&&&@&@ abld &t on6 86 Ipdird dFeheSeYeetr8d¥s intRdldhdoes and
di spl aé}“ data and stores that data in_a spreadsheet formatted tex

t fi
[ 000190 hRFySEREeRTHALMaYSPFEE OVET 2 BRIFDY iﬁ’§q‘leﬂ<6?5 (&Bolipn theayiliHF Lgepw tPﬁ‘tellYiﬁéd
or thereﬁ@é})sﬁfd s&fdér ﬁ?@l’ltdd@&ﬂn'-ﬂ%era@%%f of toMOmE . ﬂglgédefh'ﬁﬁt'ma?'aﬁﬁ? elflcﬁlé’s aR@asuri ng
other fluid properties, such as flow, tenperature, or t
cont r oRMalitudgsyaress g ?"éﬂ“ehq}i’ft‘ihﬁﬁeéa%%snsors including nultiple i mﬂ ttance
sensor ?00011@{7})0&1%%};'(6% ﬁlﬁ?ﬁl@mn@lﬁdéjﬁﬂérﬁ?remerQ—hsﬁr jeB&GliHE & dedi@rgsapr 231 for
anal yzing the conplex immttance data to deternine the conposition of the
|i @i drepssentios thegpmplen immitenos ¢e- &t Ipedaaesp admigianse). (I anesxamplgy detgetigpdsivg thsed

bel ow (£,4 rece RS beldotd WittdLdihy€bhrd lU:le'l Qxcﬁ@J th€Sile® thstrfth&ud modEN@ 1COMbatO!l | er
and/ or processor rmy al so process an ditional (not immttance) data

col | ectigdals ﬁ@mfteﬂ@cks@ﬁ@eﬂallmvgeofronaéra%tt? Yhaflepsrdingsnsthe aaipanddonietratsnteiur e,
flow fg; ufh%ﬂg QL2 ddNths mat‘i’cﬁ‘lr\)oﬁ&éegﬁ‘ﬁleﬁ B&d BE RERRAQ of SpttatB! SRIVIHAR nlhe

conposi ti on of The aq ueous sol ution based on the conplex immttance data.
The pr&e é@@éﬁlneﬁﬂysuslea rangeigiakedyl! ydverHageiob the dynagyig rapge qfﬁherﬁ&'glfl%@ delphsingrits
(esd. ., 1Jc€1f0{5€¥a€‘ehn§{5th%@ﬁi1@*oo‘é4dth other controllers and/or sensors. Details and
exanp rocessor are described in greater detail below A

proc es §@00188h Hwemsncamthe@gn@ rqcewercmyamlu;d%a)socnwrkgmlélﬁcgtm {jlégripe, or the

I Ior g‘évtarhﬁ?% A sdnfl&atidefoR ek E'}%Eenplrhaﬁ@é 385N/ A5 fRFRBd YRS el tEpbMatibPds tlat aset

electrlcal signal to the one or more pairs of electrodes, and for receiving the complex admittance data.

gnal

For example, a controller may include a trigger, clock or other timing mechanisms for coordinating the
35  application of energy to the electrodes and receiving complex immittance data. The system or device,
including controller 219, may also include a memory for recording/aggregating/storing the complex

admittance data, and/or communications elements (not shown) for passing the data on, including wired or
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20t he conposition and/or concentration of the one or nore conpounds in the
liquid (solution). The processor nay al so determ ne the total anount of
conposi t iwo 20izn3awsgol uti on or delivered). Thus, a proceremmsmy/osmesai ve
|nforrrat| n fromone or nor sen%?l t hat

char act@FSSEC oMU EAMILEY at e SRS LY §ePYeif gataSSYSs C?Iﬁeépo ég‘#é‘f 8?1““‘@1 ‘ot her
devi cesomplso hhmittextte dhth Froinhies plurglity df el{:dﬁ@@el;&)ﬁ]s En thalséngor aadﬂencmcfeaquncsyst em nmay

i ncl ud tput 241 for reportin r and/ or 25 on t

| dont i 1981 885rmas meiged e PR sTRghYIEsp b mxaﬁﬁe%%f ﬁﬂé ﬁ?ntrﬁgy be
vi sual _,datalddjélliﬂlt%n_ qka dﬁpﬁ@h andliga :ﬁc&’age MHor a(z\ylpEI fiRvagqih 0P4 syste uﬁh@@aNatl%n’al sone
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[00019 An alternative v tion of the system architecture i own I n
FI G 9 maymegularecds nodEy asiivity pﬁ@eéwelte dewicesessotipedyiththediawd ohwithepatiert of t he
syste n Y, I r
R A e S e o L L
conf i gepgaticnref apymper vahiebassd an ty applysiseed sherpgmpesitipn|op thglflupk ocessor to

gengr a &dl@ﬁ]cpai:k%‘ @ttﬁi&&g@@ lﬁ\%ﬂ & ec G e B ‘%ﬁﬁéo%dofggﬁ'imﬁn&h&ﬁ%Q%%Q
serral “connetti on mal n processor nni n
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connecti o | gur atlion may ovenents I n per rmance and
may 20rcedpwed &l e salwion arsa eooplact format may include custom electronics circuits. The circuit shown

in FIGS. 3 includes an optional flow sensor; in some variations flow sensors are not included.

35 [000195] In this example, the customized electronics may be used with a well-known processor, such
as the sbRIO 9632 data acquisition and processor system from National Instruments. For example, the
system may use two circuit boards, shown in FIGS. 3 and 6, one plugged directly to the sbRIO board and

a second one, which can be connected directly or remotely via a cable. Additional circuits implemented in
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phar ma S ing. Many drugs are prepared. in the hospital ph i.n | ow
i oni ¢ i%oé%f Rl anatien SPBERRER GEbI SIS Bk e it S m(vgmrk? ﬁ%‘?‘a‘ﬁt her
non | OB}dRessOY ithdt SpratddwitiOite re@wf%e%wteﬂgﬁths SoRhattdd®R 8 nefdfk ORRHALSINY an
§§ ed systens and 5sensors generated immttance rofrlFs that h d a

| GWemagesatioRIdor pampies direst figitizaliop AF Be sanseroHBYEn g higeqrfeyratign Reyhe i oni ¢

St r engffcrnosveh b %gf)@smé RRASHRPrEe%ksof ¥ rRe tHeipaterN HAL) ard BE Hat8lE4AGS pUREEOver a
fornmulated in Wor sterile water and exani ned usi ng the previous|y

descri Bigh sespd sl cophestian togrhfolastd BRE PRSFEPLIE S TpRing Gither WiomsPiop Linux) that

howev e oestiitedatiBgith de 4@ pAernS MR itibk) TRTeRhdiNpro cedsd$ cotfhihisbeR wlith ©ewiaavedd i
t hose of drugs in Jonic solution and the 10signal to noise ratiqQ was

gr eat e QHENTR 9 c3FetioR: Hineq gyratiqn gy pder REONTRFRIE ' PREPTIRARE And A18Y and
|ngg|namﬁmggaﬁ@maﬂb& of the alternating current (ac) response of el ectrodes
immersed in a fluid to applied electrical current at a particular frequency
is s na|[@001ﬁ$hgef\m Pﬁfb%syrsems deperiber hgrepanayihg wonfiguesd &%etec‘auyeu igfjc stygmet
presenggmgjw%neﬂ&ﬁmynre drug(s). The drugs and/or their fornulation
conponents supply ions which create the signature. 15Despite the fact that
sone dr.ug S|gnals wer e snall, al I, drug si.gnal s observed were different and
si gni f S¥Sems dnd Dexiges foru, lepicptrength Liquidsna) s are only positive in the

real c WP Snt X-axi s of AC
?O 019 n immittance spectroscopy system may be adapted to operate with low ionic strength
25  liquids or with both low and high ionic strength liquids by adapting the sensor to include electrode pairs
configured to operate a low ionic strength; the system may also be configured to provide very low

frequency (e.g., miliHz range) electrical energy for immittance measurement. Such adaptations may

improve the sensitivity to low ionic strength solutions.

[000200]  The systems described in the U.S. patent application no. 12/920,203 (titled

30 “INTRAVENOUS FLUID MONITORING”) and U.S. patent application number 12/796,567 (titled
“SYSTEMS AND METHODS FOR THE IDENTIFICATION OF COMPOUNDS IN MEDICAL
FLUIDS USING ADMITTANCE SPECTROSCOPY”) assumed that most fluids for IV delivery are ionic
and may be salts or contain ionic formulation components. Thus, the initial 31 high alert drugs and drug
combinations described in those applications typically produced unique fingerprints in ionic solutions

35  (“normal” ionic strength solutions, which may also be referred to as “high” ionic strength fluids to

contrast with low ionic strength fluids).
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|l ow ionic strength). In variations of sensors configured for operation at
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high (‘riormal’) ionic strength formulations, but not for low ionic strength ones such as in water and

D5W, as shown by the low magnitude response.

30 [000205] InFIG.10B the same solution is shown measured between 500 Hz and 100 KHz. The
complex impedance pattern is much more robust when measured at the lower frequencies, as illustrated.

In both figures, six pairs of electrodes (Au/Au, Au/Pd, Pd/Pd, Au/Ti, Ti/Ti, Pd/Ti) were used.

[000206]  In addition to modifying the electronics to accommodate a lower frequency range, the
systems described herein may also include a modified sensor adapted to operate with low ionic strength
35  fluids. Previous prototype sensors for multi-parametric (immittance) sensing of drugs and doses had a

geometry (size and distance apart) of the AC Admittance sensing pads that was well configured for
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35 interdigitated with a second conductive material (e.g., Ti) forming the second electrode. Three high ionic
strength electrode single pads 1111, 1113 and 1115 are also shown for reference. Each of these

electrodes is formed of a different electrically conductive material, Au 1113, Pt 1111, and Ti 1115, and

-24 -



el ectrodes; the elongate, parallel lengths of the first electrode 1109 are
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35 [000213] FIG. 13A and 13B show one example of a mounting system/holder for the sensor described
in FIGS. 11A and 11B. In this example, the sensor is mounted to a standard SOIC-10 package, having an
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interdigitated el ectrode structure such as that illustrated above, may
addr es gn%ﬁyd the measurement frequency f'is the following:

1+ sec(¢)

2 = RCuan(d)

[000215]  To cover the arc segment starting, for example at 10° and ending at 170° angle as it is
viewed from the center of the arc one has to scan frequency range from 4.38 KHz to 572.6 KHz. To

30  generate 16 measurement points distributed uniformly along the arc at 10° steps the measurements would
have to be performed at the following frequencies: 4.38; 8.83; 13.42; 18.23; 23.36; 28.92; 35.08; 42.04;
50.1; 59.7; 71.54; 86.77; 107.43; 137.64; 186.96; 284.11 and 572.6 KHz. It is relatively straightforward

working within this frequency range utilizing conventional commercially available integrated circuits.

[000216]  The duration of the data set acquisition may also be adjusted to match the sensor
35  configuration. As mentioned above, the value of the R increases drastically in DSW formulations while C

remains range-bound. As can be seen from the formula above frequency goes to zero as R increases to
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the factors nentioned above, but further reduction in the sensing el enent
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illustrate one exanple of this configuration. For exanp in FIG 18A, the

. . | e,
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examples of such mounts/connectors that may be used in any of the various systems are described and

discussed in greater detail below.

30 [000220]  The modifications to improve sensitivity of the system to drugs in low ionic strength
solutions (including both modifications of the electronics and the sensors) described herein may also have

the additional advantage of reducing the drug recognition time from seconds to milliseconds.

Sensor Mounts

[000221]  As mentioned with reference to FIGS. 13A and 13B, the sensing element may be mounted
35  to a standard open-cavity SOIC-10 package. Other sensor variations may reduce the area of the sensor

die and implement low-cost packaging technologies such as a “flip chip”. In general, the sensors
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15 the conposition of the fluid. FIGS. 18B and 18C show side views of this
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exposup&hip eafl figingsInghis pré?e S§nspral 8! ispandef]; émgkéa%anéat FtFr ¥ HEAY
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attached sensor and the tube structure aver r to create a

FUbe. SGRUPOH. vl EIRENS gt 4L e UG HISBRIE oM Emer RO - B 1 de.
The t ubgineabr dldERY £8ndoR! TiRMehsBE @ tidls example is incorporated into a catheter that may be placed

in-line with an IV fluid line. The sensor projects into the fluid pathway, and may include a flow sensor.
30  FIG. 20A shows a side perspective view, FIG. 20B shows an end view, and FIG. 20C shows a side view.
An enlarged transparent view is shown in FIG. 20D.
[000225]  FIG. 21A illustrates another variation of a sensor and mount, including a septum or other
sealing mechanism. In this example, a septum or seal will contain fluid and prevent sensor contamination
before usage. The assembly is configured for single use, as fluid may be difficult to remove from the
35  sensing chamber/sensor. The septum 2101 and valve capping system allows for containment of
dangerous fluids. The assembly can relieve the internal air pressure through the one-way valve 2103
caused by the reduced air volume during the addition of fluid into the assembly. The lower sensor

assembly 2105 consists of an injection molded tube with a sensor element 2107 attached to it via adhesive
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10cyl i nder and the ends attached to the sensor element. Either of these
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square opitatrcqcftoa@&léﬂ i@€loe@ 61f). OMS ssbbf Eis &ddple uhmrde§bo2mmwtxmxo stepgth Ialaatrdde
transport Wlth .an op mnl%plnt elg(?reto esenaor el ene
t
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conf i r mkMg2303ahat ifa§ b8 828 Qlithiaf oVed ndQRH birtebleck OO FH3CH. In Aisfexbinplachas

anot her exanple of a sensor packa in a simlar
1 Lot Pervernsy B e SHopRD b8t SRS B30 i P s Rlr b ek g ens o
2504 i serR@skamed in a Iead 35 frame 2503 and wire bonded to | ead frame and

nol ded/formed top. Fluid may be directly applied to the opﬁp cavity for
st ati c [$R9228} e ndiiny Ofﬁleﬂsﬁqsél?scr‘é%id‘effi“hﬁ’é‘lttp ?ﬁoffd’éay\}ﬁef‘?F Us e puBmay

t ubul ake §dridtlel tiEnold hGPIe derlBY, a@ﬂlub'@e@di ih ®1G.i20€] Usiag SyRprEsensoRasyIr, epnt s (or
static measurenents with one end closed). An exanp l1S€ﬁc;‘@?thls is illustrated

in Fl Gay dppoyereliabiliy bBeyeaampio ouiplereusss oemrpsraoys SIFR YSEGHE

vari at iygfigvd J@ﬁab?lﬂ?ﬁgﬁo Géﬁrlﬁgfégﬂo@w's%ﬂthé Wultple BR0RARBAIAE bhcdinEthemuad if diftdreler ) as
a capillary stri 27C illustrate one variation of this

enBodi hikely mapwqtﬁmgasurgmplgﬁ may,be eiketedensor can be | aminated/fit/seal ed

bet WeeT d@ﬁ@]’ s @k Hféﬁttl&l'éa BhchWibular ot lebigRQAA cithéPde s@ﬂ@d‘oﬁ&xefeﬁdld)rdbsedda@ port
2701 wi be designed to facilitate capillary action at will wick the

fluid (blﬁt"é chayeber on aRsR fm thrpygh applicagipnss |Aaqdrer md%’nﬁsm AEOUECT Y56 m t he
sensor b0 d ReeRghiaCEctioSwih Eitddlat Bor6LIH08 rSugh (R th RdhspYik liduid WitRbd @}Séﬁ‘mg o the

el ectronics. These traces may be built into the |lamnating strip FIG 27A
shows an the bere te/aceess dderspiglenents. Jhoseasos 24935sn bs Werﬁdﬁ%ﬂ%’% FFa}béﬁs)?“dstlh?‘i p may

be 3hhi Qanediitdo ey tubd) HRSIs@blyIns) el e dSEndlBRILI4b Mo BEHpL itk 1 sifséri RS
cables while leaving access to the leads on the flex cable. The overmolding can be keyed to mate with the
rest of the system, confirming that the sensor is in position.
[000230]  FIGS. 25A-C shows another example of a sensor packaged in a lead frame, similar to that
illustrated above in FIG. 13A-13B and 16B-16C. In this example, the sensor 2501 is packaged in a lead

35  frame 2503 and wire bonded to lead frame and molded/formed top. Fluid may be directly applied to the

open cavity for static measurements. A similar lead frame technique with an enclosed tubular structure
attached may be used for in-line dynamic measurements (or static measurements with one end closed).

An example of this is illustrated in FIGS. 26A-26C.
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430614k gef
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fiye opern2ghpbRiious hﬁﬁﬂoﬁﬂe ddviee viriaes defbiibe(ﬁd"b@vétﬂahw’seﬁbaiﬁha@- atfibripated
sensors; the sensor may | ocked. down _onto the strip so that the connectors
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35  be coupled to each sensor so that the sensor is exposed to fluid within the formed fluid cell (formed by the
tube and sensor). In some variations the “walls” of the fluid cell (e.g., tube) maybe moved to different
sensors on the sheet or strip, so that a new sensor can be used. Multiple parallel fluid cells may be formed

at the same time. For example, a strip of sensors could be loaded into a device and indexed to a set of
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that forns wells or other fluid cells, including open fluid cells so that
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35  linear, circular or other geometries. The probe can take the appropriate shape to access the contacts of the

sensor. Furthermore the probe can access the sensors automatically or manually. As mentioned above, in
some variations the sensors could also include a well, and thus fabrication of the array of sensors could

include a manufacturing step to add a well to each sensor element.
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[000243]  FIG. 36A and 36B illustrate attachment of the sensor to the mount/holder. A connector

35 3605 that has a series of pogo style pins can be used to interface to the mounted sensor/fluid interface
assembly shown in FIGS. 35A-35D. A locking mechanism 3607 may be included that allows the
connector 3605 to locked firmly to the sensor package 3601 and be flexible enough to be removable after

use.
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wn_assenbl ed 1 n FllgG 42B. %002458&5 42C sho i‘h
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[000247]  FIGS. 42A-42C show another variation of a sensor and mount configured as a flow cell. In

35  this variation a sensor may be included in a tube for static or flowing measurements. The tube 4205 can
be a polypropylene or other appropriate material and (in this example) has a 1/64” slot 4209 machined in
the tube extending the length of the sensor 4201 to allow access to the inner diameter. On the outer

diameter of the tube and around the slot, a chamfer is machined in with a ball end mill to create a lead in
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t hrough hol es that expose the contacts. The top of the assepbl

poP? f shamferyaadingd t“ﬁhfttop ef e F‘O’c‘té‘Htaeli’a”&f‘d‘f‘We Thgrradr o) f&rPé*}?F%mwAK g?%é%? & of

thi's i goldedrstait pratigsh d riseFbofeto 4Hly ahHdBesivieN ThdUdfiesteaBPbeofalbettdih W’sd&;@tiy tehagrber
above the sensor may be surrounded by an el astoner and J ui d b)e sanpl ed
may be drig jdéY‘,”B gro flﬁéelﬂéprrplements and be a UV’ cured type appropriate for medical use and can be set

quickly. There can be a flat cut into the outside of the tube parallel to the sensor to mount a support
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[ 000257] FI G 47 shows anot her exanple of a | oadable internal chanber,
configured as an over 30nolded static cell. In this exanple, the cel
desi gn i nebudessas4over nol ded el astomeric el ement wit hpPpoluspeiopyioene out er

hel I'. The d P Kk ted
A T S R i

C- 30- 1@kagensor. The el astoner can be a sanoprene or EPDNInaterlaI or

equi val pe . of materi al

utiliz é&[bhé%- 36" tbersyéfﬁ%?‘m”ﬁ%‘?%ﬁ% B‘SY 51%%{ 8&83 h%r“'ed‘i"rc?‘ze P Q’r"?’vc@ B nd

i nsul algicA@r loRkyMEes olﬂB@h tH@Q’loEWéssBﬂBE Bbrﬁﬁmﬁstemhl}'t @&dr example, o slehsmsr amde sbnﬁgured
trapsfer, nol di astoneric, el ene

used f &t betaﬁé Ot%‘gfi g‘é{ﬁtéo “ka‘r‘ih Pigald; ﬁja‘g’(?fegé%a f)oérrefPOB?P £ ?’:pé’ n(fp”ate %Bbq?egt ect
t he Sem&@moﬂkeﬂemmsoﬁh@ﬂ&n@ﬁ@abamaeveBtTh@hdmbuybmﬂdﬂmmbda@rmbmsimner|c

el ement to of f trapped are that ace on_injpecting
the Ii aaﬁaasuzaé f gonngqtigns biif expose th %“t%f’éf}ﬁ Cogtﬁﬁs %tthﬂat b%oﬁelé?og(gmg canwgl ze and
accept faturddha? Q/bRVdQBéI\OS#E’GBHnU&&&& Ma@&&ﬂ%msepl&r@h&cmr s nowtoser méldddhat
will allowair to es Pe, but retain.the The

0

fiat urre Srb e b SREE Y PdBasdl® pRE Rirta st it 14 BB USlan o
sengor sgrickageldanor dtlhse fdr@p of dtdchintegt t!hanwb @olptizhed tdge)ga‘tahd!creaﬂ d liguid tighs Bﬁab
t ogeth u t e a ie face ce b
| ocki nS‘L‘f gﬁg ‘%Eg %ﬁgn cﬁlli @hﬁp %gcli gafve i hgo ﬁ"ﬁ Sen§u e"flemen Cfg Lom ﬁlltl}er &l tne tévo r%de%f
100 | A~asrdommxo hitdw thdfléva toadtdbéliza a:thbetzamé lei;ssturtﬂelsmtg heSS surbwern fiby ghraevadly teteates
el astoneric, se be on the rin
ept ummER OB i g Prerenrr rARERBN & Pk Bl Ml el LR D o
vent f @ minithige Aebulehes an‘ﬂyetﬁlig dfml)e inlet stilegm.uSechth trangitios bMWeIen fralinletiand eutleer t i cal
direction upon entry int ves vent resen e

ﬁ? tr g‘HB‘@ﬁ TeHE QR lgﬂ"lnf‘r fﬁ’ é\dﬁltlﬁﬂeﬁ& f{s‘}eéSISW?“tS m'fl?'u SHP %fﬁlg 1;ﬁr%err Sétgsfﬂrg Pe may
| ncr easfixdrd) StatlinixesGnd tht ek@éantbb buittdiits Or addéEnrtinletAn btehieup metuleat ﬁlcrmpaamls hi s
desi gn to incorporate an ex stln of f..t he hel f desi f
el ¢ oREPIe oK i LB STaInE OB n SR PR Lo & RRRETSY s SbBa® o Bl gevi ce
l'i ke thoE0256] Us@thoink vertiosk, e séndeiainpa mnadnaynﬁmdaran blajtaadriconal ird daidh Aoidsi ng
and assenbl ed as ﬁg@ rlbe 000258 riation

o1 22 2R B etk oh epoae b G pRmeRIn s aronh TETE R hSudy o eI

hep@i nbe YWD larkhsmee oMedll talcoiats the s&ral. dllisebasptanasibe pafiawtirtyr usafayfobe
e as a flow ce t he .sane conce i

adapt ed us, illustrated in

1 e, *Tetis i e oo Mot pioB A RN SO T BEP e AR Atisgn RIS F s,y

cel |, -Eblﬁac$ Qﬂﬁoﬂ‘gdﬂxﬁtoﬁaaﬂ tﬂaeleklaregeeul( ﬁ@a;alvee@osed kekt&Ral o@@téct(pladﬂ; ma)astotnhec sane

DFN pac e can be us W ce e

Wi th a SHRE SPBF AR @Pﬁacsé Stypht i MR Euis R AR A T & geaé‘p‘)‘adﬁwu B e

di e from ISOeYOHgaIS;ﬁH togetm}]go &haﬁh@wmﬁ‘erﬁeéﬂl aghaﬁtd lhﬁdla Andidd thfmdsdﬁldy chesthen Thg an

of t ors_ descrihed herei cou led to

e At O e o L o e 2 T O

S ensor a_pbﬂ(f&&gﬁed'le fﬁﬁlﬂT meéﬁ&g of theyengdr\éRnictie. AR aemrpleaﬂduﬁ is Gihatratadip FoG. t4£or

protectjon, For ex £, one var at|o a sen e.

74 i DG B € e AT B0V L b B RS R e PSR D

desigPtomhﬁmQMSHM§bah@£@bedmmﬁ an etchFd | ead frane, wre bonded ﬁnd t hen

trans ed _to expose the sensor. el nt in the center

of t he‘?{wﬁﬁéﬂ FLC-A/ awsmtﬂertehaéﬂ& opf sapadahle "é*?féal aﬁl?a‘ebé& f@ﬁ%&%d abWFEs on the

edges thidaalatiovell ok thishRanplé @hdr@N @851gnThﬁu®§ € 6%s moided elBonsaiic RletRadwithhe

sensor el enent(s) are ng amaged or c&gyromsﬁﬁlﬁF 0002

1
vari at iPeWBropHenesuee shell- dpe eé@ﬁfr}aéjﬁvroéﬁw PREY ¥ Pégﬁ Lesas ‘@‘i‘sﬁi‘tfe%{?bof’ % the
capi | | a¥itthd @Rledsdink Sowalin 8 ibBraiYoFth&Sngle difvufaf C.3 Ollf(D s@r[ker VI leREtb e, cah Bea

et | ngenopFE RO Mg o HUST R BB P ERAPR BT H Ao P BRI
may utilize the C-30-10 sensor, may have a polyimide or SiO, dielectric and insulating layer, use the 5x5
35  DFN constructed using film assisted transfer molding. The elastomeric element can be extended upwards
to be used for the septum membrane with the injection port off center to protect the sensor element.
There can be a vent hold built into the elastomeric element to vent off trapped are that will become

displaced upon injecting the liquid sample. The top of this vent can be a little larger in size and accept a
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30one or nore tenperature control elenments (including heating elenents) for
controlling the tenperature of the sanple. For exanple, in one variation, a
consunablwo(2e12¢n3408di sposabl e) sensor for static fluid nmeaswserns®ILan be

constructed having a t C or .reservair, a lower capillary flo ath, and
t he seﬁ"s"&?ﬁtep?é)&%éﬁ‘%er i} tﬁdlr%&’ llgﬁlo\yvaar"i t85§°a?egt?’f‘bgqaé’{ {’]‘? %aénpéeglhﬁbdé;cgp g Verrr'\é\t%lgeal ly or
aut omatditaak bithé sentdneidesasitinacaieithe pacichgé mahe top kowsmpsTheabkiser paskapé aclabk topt 0 a
system or .devi ce for, nmeasuring.the copposition of .the ui.d.. 35 n, pl aced
in posi ?li‘s&g,ca'ég%‘ﬁ%dﬁ%ge CEIAIATLL REY tored rctr'ﬁ%méhr?psfael a%aénsgéhﬁ ﬁlg\/{%cetal\é/g]rrlfe)eédr 'ﬁt ure
and t hehcd byea lotkingltab daipni fThe abluma ofBquidithe desighn caishdldinemin $hed0hdatd mgx Bylst em

wll cgontrol tenperatur.e and heat t sanpl e.to tabl e tenperature in an
by op A EmR SR CGTEN f RMBIRGS Lt BT Lot ChBr Rt Ee o TP RT S o
2012/ 0349 84Rad édpknzch be bl &P the ahdlfaypesba ol adherédts she. holidiez. ewint fog théd demieat

may be an el ectrical .resisti. heatin |l enpent. the t erature . whi ch
may be "PEJUIPAY &Y bB)‘}SGfiegHBl?cVYJM gacgln’fl f 5fr.nga[l gt’)ﬁ:ﬂ 81498 <) emg)gerr\belssé#%rﬁ lgtﬁws en: g or

el ementis noapresent, frakagptdSesideovill eciievb e higha@gréssure OHjiuingher prasswietnimy ancgeasd the e
(e.g., glass . slide) to create capillary action to wet the el n r

Stat o B ERLATEn o rERSR Rafiff il s f0eh R Rhob e SuPTERb A

seal ed skdifadebign bf dwlasenkriasaidestomichabinaivoie the MERXNAVIGROSEAS . iIfiedavery libe

et ched ,or. machj ned .t o have. a.shall ow.boss,on the baqttomthat, w fit into

The coliu TaR | Fsp5d MOd BMOIERT Sl BB bR aelibld | on ¢ ha

does n@o0G25BEr f BIGE 48vistdschdnentis eNee vartdtionBfd snsok thatrasy deaiséiedith somepf teeclBy a

force exerted rom Ee top of the housing and woul d be inside of the

cr ushe@™sRgYnts gser |éq 't s added to the cell, it will pool above and on the

S ihdes 900(12691 sl iR me hfﬁﬁhti@ﬁkda @M@d‘&lh@drﬁ?e Waﬁlber]xﬁ)dyﬂﬂaﬂﬁﬁﬂg& dsh&bdsi’(djdvd@llt 0 wet

t sensor elenments. [000263]1n any o e vari.ations describe erein a

pr g? ectle thesyas Cﬁ?t%guﬂéﬁgl%‘:\}@g' %ﬁé‘d é éﬁ’é&]’e,“af‘ﬁ SRYS (R gy E‘? fr?{‘@latregﬂ}t‘? tation.

g_uri ng ﬂbb;_ebemagwsg@‘oumia&gluan?g@we,l %@,@Iss.r@aranaays)bm_em DEN paRigdateb by the
icing, wire bonding, transfer I ng, transportat.ion Qrage,. etc. In

Some. v APt TOGHRI e ey e anang Loy P wiih o sisp Beigt of 0s @agw.mlﬂwngxanm e

of t hi sugskp Gsiibitdié Fork BHRWBILIThe ElaftSnerk(lel 28be ok ovdrimdMedidesidn oran 6@lngr or

cap 5005 n%%é be made of a | ow gutgassing plastic and be adhered with a

t enpor 4990288t er AspPihe Ensahdsssibed g‘?-f\ﬁi“ a1 ﬁg? 5¢ sPunlat i s o ldss(ingidiigond

Teophnokipgl &scri¥8Pabove Pind &Tetkalab 89 sehRY “(RBkads € Orhe Phckhftn B Nvedhe dehgdr SENSOr
packaglag_process and just before conbining the sensor ackage

g (p ) Wth a
cel |, pAEtYIhREPRTEOTPEean r EArsvAspla fIE- ¢P shtspne v iriatiqhef asgier I?aﬂléaée'cléﬁ‘hl‘ﬁe
i mpl engrdngfle, Wistalic SHE €LR)- W seht &dnibd padkhed oKapkOnmiDIA desigh. D BeliRerRded® t he
waf er before processing. 200[59000264 Any of the systens described herein may
be aut GREER leaddiamexyispbondedangthen transter makipa L BRO35IHA FRRFIFRSMELNYESt of a

| oner sﬂm@gr& thd RAEr Gkt faslikeistiRibh with the Roplof @i¥Rlie A0 dxtandd@ BlvaAds dnQRe: dabestthe

top frame. The | ower squport frame can house automatjon equi pnent, power
su§é| i @low far dhsi vrarhonds: i Thg Progess PREPR suchithptihesepsor elempms) arg Bﬂﬂmaeg %Gnd t he

li ke. Th@plbabk&top can sit on top of the |ower frame and can support the
aut omati on robots. The upper franme can have either seal ed doors, w ndows,

gl oved [P264]  28siomgivaratiapuihe seaporyare eensiehad pomicefluidirestls, simyatip dte Bl lenin

al so bg.AREREhntsRow B FIGS S7A07COfn Sk&/aHRRA! thé §ASR ahPorShathi & bafigh@amer at ur es.
The upper hood can provide an 1SO 5 (C ass 100@ﬁe?nw ronnent and provide

t enper RFQYids carivry dlading andeaetivrheating. iihemenhabne espprosletsibed istrimmayinplude

t hBQUIRLRoSRErE BtnpRiandiESntl detne ¢hOLdiRE AdalifnPeIGh&E Rr Sorddink ARNeh it AWE Br @
series of I-1EPAfilters. This makes a sel f-contained, clean, tenperature
cont r olthesamalay Ferswavple. if e Varigtiony § cogatabler(p-en dismoptdn ez feratigdvidat i on of a
sensor andHual BYbd SndnlaNevid) PBE cuRIQeRbR, S3bwéricapil flowbath, Hyarpl e, a
cell can be built_that consists of a clamshell that can c|anp against the
sensor seifer Repkage-eFlgidog ¥arions epperadies ran berfdiiptmaspallydis aupmatically gakacstrervoiit er i al
at the ;PethkRMe QbnshiiebISRPHLLI RRA sPRe 6F dbvicO aRilgduring thb cBRpdsRioRbS thy G her
fasteni ng neans. The sensor woul d be vertical in the cavi tﬁﬁror cup that

wodfd fVékes plaserbindositnea Beagiag elpmen may Beat thismele kyadgewn fenpsERirsapdikenithee

i nt egr 3fuRdddreiaichtioh a¥BsuretheROY AikEH. MTHS hidiRg SRRALFAIJontER RempeRfird Bd e R the
perpendi cular to the cell .on a |inear SFI de.or li.near tﬁw de. Wen a

measur SHBNE 19 asibislappratyre i anARaIOPridte ampYRt PRt RpBYSIER Mith dhectpskigTticien &ithin
connector pushed in to contact the cell.
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[ 000266] The sensors described herein are described using polyimde as part
of the materials for fabrication the electrodes. In sone variations one or
nore Si O2wbayevws403ay be used instead or in addition. WRCT/US2011/051098

2012/ 03 084PCT/U 20 051098 Iter nat nto nstruct the sensor
may i néfGEods g 8%5)114}‘6 Ripatd 5‘? Oy %pan %P‘g lcraﬁz%als?vc?rheagmé ele cttt?’r ¢ and

pr ot ectdmperatudyewhidhshayad regulapdlby ifsedbtek cdivel.desi gn woul d | ncI ude the sane
geonet features a ny of the desij vi ous to thj.s

di fferi(#é’gg%\/\ou NPIEEXABP 6} RGO R é‘bb‘? q%g‘f%e“&qrﬁratﬁcu ¢ lﬂf%“”ﬂ%éon T

subst r gk@fadc@leds SlasSilide b Grehte tepilldreadtion toheet dlakARhiS forfiﬁ&rﬂméashlalyrerfts OfhisSi 02
can_be applied n i

it &knea Bl A St it Bh TR P o A ERTPaL O Kdet BARPR e ° ©

di f f er gy bé btickREMmSE et G RYe QBRANCRDLEss\h K uamsrdmagwm[mmﬁaazhmermsermb Ceited, in
sonme varl atiops

t he sens ors ncl.ud RTD. or rature sensq For,
exanpl &0 S%.‘S%répi’g’(ﬁ?t W?’ﬁe%{ ngragg'h@F% t“éeln% g}é)ﬁt 25 BUr Flf’m hIt SH °&TD or
t enper atidiCpl&RBS @fforﬁd &bited lﬁ)ﬁﬁ thie @opl If tmmotlishig it evolild bs (x‘mﬁig of the cduslﬂdl bedl. As
t enperat ure. en the neagur t ake e r,u oncentrati on,
di | uent'94hs afié\%ﬁ%fhﬁtcﬁl b v HO@EE%@@%@@ ?;fg%fiofﬁg\e Sﬁ‘#ﬁ%‘p@?(ﬁ%ﬂ’ﬁ‘aﬁ |Ebr ary.
50@@2_68i1deﬂ1e@lﬁml%l’sﬂﬂetomy’thléfse(:jﬁsdi’keﬂdﬂ&msces sygt emshandI sensor packages

escri be ein may_include or b erated with nulti ensqrs. For
exanpl 200%§2§LnsB‘ra“?fi8%‘1*“@?‘1”5‘3?1“%%?98??5’6{2’5‘1‘%3 RPIReE cgyer WﬂYF T pF O‘éeéﬁﬁﬁ?ns?r ypes
and cofycluding @hh@'ﬁbnoﬁdlén qurifn@ ﬂle&wﬂ@@&bﬂlr{@r&ﬁm mmtsor(rﬁ‘a@!lbb@ﬁne c@ﬁlﬂrﬂﬁh@thd) by,

el ectraoni cs sof?) e, éh%‘ can be configured ‘Qlort t.he s %

desi gnéhe A8 WD ‘\g‘i’if‘g Old[“@O???W‘TtFﬂ“sSt?ré%%ﬁt& g‘g@ faeigjansthedrdich i% o

i dent i finétaflbdwiiSa PogekleObapd. RakkMipk drakisefiByratidnds fh@Szﬁ ANBIGS0$0AR56mR A Of

eli trodes of drfferen net al s %\rhg g{gxerretrres neasu {)b ﬁve(g zhrange of

fr gueﬁfﬂteégve CPMFTLT P%’cﬁ’? f’“%@e BrdnAl 440V pieassing Rlastp andbepdhtedwith GlemEPN 1y £ or
a gi vervafel silshleditedive. [AateRémplag a@itsize sich ad A@absmirTechmivdics tABsafra obequisafhi ed to
all areas_in which Intr enous f|uids and dru d and utilized.
20App! FEADF BFE: Bf (e RRLOTRECHRST BI5ENG PRPoFIo0S eIt IR (e ectS CEPHRS8) oas
\[Ag 8 (r) g%@ﬁk&lg%@ﬂ%g@ @@lurs‘eaamf orsfcmeaiglea@ b ariecamel idﬁ@%ﬂﬁ&nﬂ&dexﬁdd&ﬂg&ﬁ&tﬁf

us, stem for perform i t ance spectroscopy to determ ne

the coRbBarH ok Bimar frea b HbgebE HOMIHET FOTG any st age of

prepar (o265t OrA @ftu@gy@@maa&cﬁheam%rn%y% alitbflbtedl R FRAHI, b @dgularand

parti cuI arly sol utiaons. For exanple, during thg@ﬁrep{g E%ppon of an

|V dr u@utzegteﬂnmt%ﬁn may g%%%ad%‘r%@unpﬁﬁqﬂ@r'aw@éa@ﬁ@aarfag SPIPRL ¢ he

COMPOS ittel 16 rdthe. aAhke il bl SLpFBY frii@e bb%&@ugeeu@aaﬁdnrdaqu@meﬁteﬁdwer hablidd, IRfuRKIARERgdr ug
solution actually corresponds to at was intended to be erﬁgovﬁé d; both the

i dent | EJPiRReL rﬁi?tadF‘ng%“Oasc‘Wé’l“Ter%d f}ﬁ é‘rk? Hisriehlsion sopisth AR toped W ed.

Syst engarf @bpdrOhé hfidthdiion AsboN FEKiHEr fdh® R ARRSithdr 6dulcldofts eﬂaam nged hogs My
be referred to herein as "IV check systens."” Precﬁaratron of

Ut i Shdingdaprns a cembinaiion af st MTiatRn 50 Alse boasidechia hrdRigryOf H‘Félpltﬁf ?rglaggo or

| V stabilize temperatures. The upper hood can provide an ISO 5 (Class 100) environment and provide
temperature control by taking air in from the environment, pushing it through a series of HEX units
and/or heating elements and then through a series of HEPA filters. This makes a self-contained, clean,
temperature controlled environment for library generation.

30 [000265]  One variation of a sensor and housing is a stand-alone, pogo pin static cell. For example, a
cell can be built that consists of a clam shell that can clamp against the sensor and create a seal with a
small amount of adhesive or gasket material at the bottom of the sensor and be held together with bolts or
by other fastening means. The sensor would be vertical in the cavity or cup that would face upward.

One side of the cell would create a backing to the integrated lead frame. A pogo pin style connector can

35  be mounted perpendicular to the cell on a linear slide or linear guide. When a measurement is needed to
be made, liquid is added to the cup and the connector pushed in to contact the cell.

[000266]  The sensors described herein are described using polyimide as part of the materials for

fabrication the electrodes. In some variations one or more SiO, layers may be used instead or in addition.
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30drug preparation solutions may be nonitored discretely. [000271] Duri ng
the delivery of a drug, the IV drug solution my be checked or nonitored to
confirm twet2izo3emsar esponds to an actual prescribed drugcrars2@iparowg cul ar

patient. Such st ens e referred, to ver sorre
vari at rf\aﬁgerftﬁcég%\gn a%?qn%%vgg W%M%@F“@Sﬁ?ﬁyg ofghCSj Etﬂaae f;an be u?Y? d?‘%ﬁa dlelécﬂl

or conhidprotedifve la@térﬂnsﬂ?efad debdlyteltqe Ghe Hdgn Wduldringuds dietshine geom'Ema and ﬁeaturssme

vari ations the 35 s stem

t.h : t ual
ol | ver Sheaeaprenross RuRB P eThy A BEring: L Eﬁchﬁ%%“@ﬁan%%”%‘a%%fh@ﬁ@énéa
vari at ifadithe bbstray Glad)Si, Stcg&nérbegumedhatnﬁ)elsﬂr‘mhylasemqﬁlSé)zamdbera@pbedtne(cﬁ mekwudi ng

30151 OERGRRIT LeIBRF SO0 BT o T eeiie g I e R S omalthens o

CoNPOSkdn KNliffdrend tHidkeiessed torm¢ommodmsediré bxmdmgnagl ng and r egul ating drug
storag or waste ha dling, and be r rre
wast e/ E‘?Q?)ggé] on BE‘F‘?&E‘P? HY SORNy YRIaA{ns: 6@59%]‘“6@9%? P‘Bb °6g§1per\a}%lrrei ¥P°54¢" and
nmodi fi gafniphy) a &dnsérasath anqutdhafse]gqay&éreaa b2 b ltohei theani RT&ori tm@rmé eahsd'rdghtatekt
bel ow. As prevj ousl ned, any of these s may, de any of the
Feat ur #0T F teis b (otesd oAb Vhen R Cremen e B EREnaa w t b
r ef @r e&Rekttion, dBlienbyRtt@FRratlrd c@&j’etcbmpﬂrad’ againhiehesppopriae lilbranyl uding |l ow ionic
strength sensors and conbi ned | ow hi gh |on| C strengst(h s.\% (iors sensor.

il SHE0r

mount / HAERER s, Ingseerelnany ohhe dpYicas Y ERT 110 SASHRAGE hezem may WET% ng

descri Beglk HefaelRilkBMulkie a8k, ot Bxadiple, Qienwﬂﬂés@gn&:}iﬁInedSPpMall’elsﬁhgle@ﬂﬁxultxibEA I Vv
Check systens [000274]1V check systeng to confir

aut omafEOT(tYRsB AR onfigirationm Y Oftﬁ‘h%’lpp?ﬂ“ﬂﬁfqﬁ}pg‘ﬁatr(%*’r%‘iqs’scoﬁ??ﬁﬁ%u%&i“ﬁ gy he

cor r eCloftwardl el alBeycoBffiRddab kippbi eleUetBoaiesigt nore sensors including a

pI urality of electrode pairs for generating an inmmttance spectrographic
fﬂhgeﬁéﬂﬂﬂiﬂ‘y—sﬂgﬁm he sol uti on bei ng sanpl ed, and conpare the fingerprint

to a |irbd@6y] of THD Moty 88s ded shodh &&id@ntﬁﬁﬂﬁ@mal’séﬁtdn(mﬁﬁterh @rmed by the
15det er m ne/ confl rmthe Tdentity of the solution. Any of theseﬁg{st em nmay

i dent i fsppeMR OlNhRfslFatredss %f&ﬁl@?rP‘B el AR geqmetics éte%s“f"ﬂa’f’ eri & raRgg ! AEC M e to
i dent i fryisitdchfdlod- proﬁch:@the'atnh‘(y@t% g%?at@i%gmtfm diventfluff and kdIgRf ROSPARS tHat ONS

that the system can recogni zZe) sonme variations the system al

i ndi capatert.iad i eancerspplied il arpa emvzlrsl} Ptrayeraisflugls 3PS PSS A Hilizd o

aub MRS, AREoAE tHid t@&ﬁlol’o%’ fol1¢ RQNhAEgRAT Bciid 11 Qs R0 TV BRESara ploaiRE,ed
counti ng Pand di scﬁenm ng devices, nore robotics, nore central fulfillment

faci | i o, whidated disperesckand disesedieft omat ed wor kf | ow systems. All these
Syst emgo@90Pr edhisya %@ﬁ@%ﬁo%n%ﬂh‘iﬁ!&nc@ %e&r&@&ﬂyﬁo aasnidUse QNPOALIdNQF a

operator errors, potentially automatically replicating, nultiplying and
pr opagdiaiid gazihe ased of vigiypdly eensipgsiof prparingy Wﬁt uShe a‘l“bﬁ’“@i‘é&rﬁf iy er r oneous

or ms lc@#ﬂﬁc&sﬁ@x@ LREKarRMBRY Yv dEuQQQI%IZ@}lsAP&%ﬁQ WAt Prapapifoh @B Bdhug

Aut omat1 0 harmacy Management Systens rely on | T 25t echnol ogi es and when
i t 28 onselutien, aws@msmvmﬁ@nwectrwoea@a’stemwhp goRRasitiog of hliguid My keruseddad

drug i SomfhthdsyinRageeRied Hﬁgtsglﬁtloﬁpicﬂltail)o&ne%ﬁds' I WhitvAR GRend6IDIbB Prepitsd; € NB
descri be erein may provide an objective enpirical way of identi

dr ugs agthtthﬁetye@neofr@ﬁwéragt W@t}gh theis gonsRarafiaRsynaybe dﬁtﬁ’é‘“‘i‘f‘é’s SYFFmg hécqqé%v% al .
The ex %m&kl% th§ X&hﬁgﬁloﬁ BirepARIAlI¢ dof g8 %Ia% Ye RENRH kd hebdiPB U icReck SyR&Rs.”

t echnol ogy 1 nclude but are not I|mted 0o Aut oMed, | nnovation Associ ates,
McKess @,qepa@ggxecgdb’ éirugs@],tmmsppqy be Bﬂ“t@’@‘é%‘tﬂtm@ﬁ*ﬂb’ é@pqg the manufacture process, or IV

30  drug preparation solutions may be monitored discretely.
[000271]  During the delivery of a drug, the IV drug solution may be checked or monitored to
confirm that it corresponds to an actual prescribed drug for a particular patient. Such systems may be
referred to as “IV delivery systems”. In some variations the IV delivery system may control the delivery
to turn on, off, or control the rate of delivery of the IV drug solution. Thus, in some variations the

35  system may be part of or may otherwise control the actual delivery of the IV, for example by being
connected to an IV pump. In some variations the system is configured to simply sample and report

(including giving warnings) on the composition of the drug being delivered.
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301 nfosys, Med Analytics Service(r) and Pyxis(r) MedStation(r) System by
Car eFusi on and ot hers. [000277] The principle deficiency in Automated
Robot i c Syetermsua4t hat they cannot identify stock sol uPCors2@ngs1098

conposi nof the fluid in the co unded .ha immnttance sensin
yor embOUB2F | phae Bty BRI PTBF BE Tpd T OE gy EnE

i dent i fiyd REulSkRugSratieiafdsr i3 Hah@Rk] ang nfah 8e fpIROWWETY pagdldiedrsion The
exanpl e of systens that would greatly benefit fromthis sensor technol ogy
35i ncl gefectivnt sYa®Snot limited to AutoMed, |Innovation Associates, Parata
Syst engpodyly B(FSSQQSC ns Sﬁflétﬁ)h? % modanatic of eMﬂd)'fﬁh@ie s%%mdesalbéam dresadrt h
Robotics, Gi1-fill Gifols and ot hers

2012/ 038P/ esemlwqbs@e@em[d@wﬁ ﬁ]"ﬁensé“tF‘ﬁ?r’i“PX %&ﬁlt‘%e W 95 the Gealivesiop pigments

descri RedribQrRldh, RidAk SRmBs @é@@t]lﬁeﬁﬁbﬂh@eﬁ:r@n&% bt Sy MénSD @M BAriighH VB RASors,
particularly in anest hesi a where drug, di versi gn as wel | \séggr eci se dosage

i s par tncdingrley igcolPrgtntenorARd CPrﬁﬂé‘ﬁ’e‘ﬁH/é’l‘&h Q5 tepth SISHS- WP be cruci al .

Exanpl @puffhod¥indsesm tMa&QnQ&H%rﬂh&Qﬁ@ﬁdd& detioERahdbysteme A&Ofibdd@EeRMINGMY ubdac] ude
but are not limted to Omicell's Anesthesia Wrkstati onTM 5and Anest hesi a
Tabl et opth#y PiHese pysfemaypgiaitiési a System Pyxis(r) Cl | Saf eTM Syst em by
CareFusi on and others. [000279] FIGS. 52-54 illustrate one variation of an

| Vigheck sysV&iRecd systbrhid S exanpl e, the systemis configured to receive
sanples injected into a sanple port (see, e.g., FIG 53), and includes a

bi onmet i[g002P4F Y S 1€ BhecR sy&RA kd dBntiMethiSEshathRRt, laﬁtymatéd (r6Ha6E) syQére ONotivr Artigdes
i nmedi ate f eedback as sanples_are tested. lgy e sanple port may feed into a

sensor PERACHS GRTPRYPHBE Hleﬁorr%sh’a/ HES MY ABFT \ile 305, pY TpOE SFsere lyiaee s

(senson hﬂa}iﬂﬁ&fele%%&géalrgesg@ll’eraaﬁg:&ﬁginn@anca@%afdg Hic afa¢@rintT A2 tRe0RA6N el ement
may be reusabl e or disposable, or sem -di sposab) e. The. device ﬁejl‘ ;Jt%

conf i glhpiagsampled aropparaiisiinegAiny (e h‘agw B %%ﬁéﬁ VRIS Cofen

Commdﬁt@ﬁﬂn%&hr@t}i’e%@ﬁ@ &m%%&ﬂ@ldnn()ﬂnz@fﬂﬁse sh@erd Mg RBHIEY tHeRbmp&UpPar i ng t he
sanpled imm ttance fi ngatr print wth of known C&.”FOU ds

(i ncl udPHEen deriitdpeatat dORe BpftaP e @ﬁ%tfy‘tisf[ 6%%?8@]; HHEm8e e % f ace may

i ncl UdQnas/osRBItioRs thitSRS systerh ¢aTveadpdlize NI EcatelvaMioBE e 83em A ihdibduslilieat ed in
FI GS. 55A-C and 56. For exanple, FIG 55A shows a nmain screen indicating

the dat@Ierfationyser, and other identifying information, including an

I rmedl q@mmﬁ nt Ipﬁarﬁlaéy c%@ra&?sra@@ébnﬁﬂﬁﬁ‘g RGulohBtelaf@mt ttidad tlﬁQBﬂQ@yEér@Wllﬂfe t he
le. If the detect concentration for a gartl cul ar conposition

t2 i ddorgporg aypredehiryniangrapt (ispeapigedeviare My OB FEYO? ﬁefralaftﬂé“eﬁwsfawtteh a

pOt entah@ihe %&Jl@(;n o‘-’rﬁﬁt@ﬁﬂted Forkiiblv Updtdnirt RY tHeEb S%thrlnﬁlre gf@&tly RPetidehtn Mant® Gata
screens, including those shown in FIG icate systemcontrols

and hi $0®Y ndghusipsene tg mmfméowg%lbmumﬂ%ﬂﬂg 5ep Higatiag %Rhﬁ%?“dd%%a&qtﬁ&t e

i nf or maf Q8 JpStkeath dTAERBIomAfiord kdr kRPN anktRhSouaBithBIabdlid tRk Sdpplyuini t S;
different units may be slaved to a master controller, or may each act as a

nast er [0RI 6t ooratamated Werkidewriysteans aﬂéﬁﬁ@éﬁtl?f’rﬁﬁi‘“@bMaé%l’f‘ﬁ’lltéyﬁppﬁelys‘@ Ehows

anogxe r{ﬁlhf%ly iesdAg WAORH Comed IS BS ﬁ@d}ca@ibﬁ%gﬂ) é’dpé’cﬁlﬁ& tc(v%'hfy BRI tradReldrig it O
check the activi ty and/or history of a nunber of different units
actually present in the solution. The 1mm1ttance sensing systems described herein may provide an

objective empirical way of identifying drugs as they are moved through the pharmacy and the rest of the
hospital. The example of systems that would greatly benefit from this sensor technology include but are
not limited to AutoMed, Innovation Associates, McKesson, DoseEdge, ScriptPro, BDProtect, Omnicell,
30  Infosys, Med Analytics Service® and Pyxis® MedStation® System by CareFusion and others.
[000277]  The principle deficiency in Automated Robotic Systems is that they cannot identify stock
solutions and composition of the fluid in the compounded bags. The immittance sensing systems
described herein may provide an objective empirical way of identifying stock solutions and checking the
compounded products. The example of systems that would greatly benefit from this sensor technology
35 include but are not limited to AutoMed, Innovation Associates, Parata Systems, McKesson APS,

ScriptPro, Vanguard Medical Systems, Riva, Health Robotics, Gri-fill 3.0 by Grifols and others.
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and/or users. [000282]As illustrated in FIGS. 66A-66C, an IV check system
may i nclude a main touchscreen (like a Sansung Gal axy Tab), a back case

t hat houswe 20te3mmitn el ectroni cs, heat sinks and power aou/Uscgnab1098
interface si.de modul e that housed the sensor [nterfac chani sn(s),

o1 gnal TEBRABET o hieHE EHER PO e S0 SO UG {oAPe PRl T T RA® ¢ he
Sensor dispasing kyermpYatticulah insSdnastitesia htre drngnidvessidoi 20 well s redist ddege e or a
scrol |/ nmen utton) and a flexible.stand nount i.n rackets. The side
rodul e PROC OIS 8 Besreosns YEFt Snle PofuaR Peie Spsunt eeEedly

el enenbéenedf fréd thisien@t RchivBgiranrludé byt ateoddiRditsian Oamscell’s Anesiresia Véokdeeioh™®f t  or
ri ght hapded for er ¢anfort The flexible. st LS cal so, canfiqurabl e and
s be SN REHRTS 19558 At SyfenenfisRaNagr? shaaf ChrhHhan

confi gdthaisi ons of 1V Check systens may al so be used. For exanple, an

econom_cal d easy t se device for insuring safe |V, preparation my have
a sarrpl[(go?%zﬁ?ﬁr f g@lgﬁig‘f Hlf‘?tfaé"’ i V?rf?é‘o‘b#aﬁnigg}‘eabﬁyfge'ﬁ h\/\tﬁgﬁ’é"})”fpée’ ?lﬁé%eé‘héi ve
t he nmapstfaaiecd iCreceRliampladinede® MECAsaBRIei poft (LO[LIHIS. IBYandd ircluadsfal baniesid ID

simlarly to I C packaging (e.g., FIGS. 57-58) and gl ucose nonitoring  (FIGS.
0. 60; L5t R cOTTES HTIO SR TS DY G Bt BR G RS Sy e

cun g entrhy sdntpldisoft thayIfeadaiity aRérgbr e housmgMbdet aidspattitalarpthe viatiesampletialdenst
package and a | ow c%zit di %s.aél e. .gevi cesr:%nd confi §urati ons fb r either
basi ¢ &PBOTONASTEOLPLY PAGARTBGCSFBtreH POPF SERAFSIE BH FEBHLY syst em
may i n@lspebenla of Sansi@ispoable. Tt Atvicsiaansrconfigurdd tb 6@ or@ioustmens deslasy oribdgpd 5605
for use In the system base. An alternatiyve Enbodi megot i S s.hown ian G 57,
whi ch SR8 PP BIVPE 848 e PEPmARdding R RRTRIIOr R CYBRLE PRIy a
sensor imndtah@Uicagfinouthithd [brary Bfkndwiebhpadirhdingedeatty aphctsicdn8aFong). t hi n
the wel | . 2%&80285] FIGS. 59 and 60 illustrate alternative.variations

i néP udiloY udke wser intedans gy ncfyde g npiRBEr of USqr-fdveR ARHBETACRY TR Bpar ed

sol ult! Q[hstrzﬁéd r;%hw@s.][mx-cbﬂﬂlS?deo@x&?iﬂ}é,l)mossmgegaﬁlaarsaeér{ ipditARihg peratketifieNg a
sanpl i ng chanber, of a bag (e, qg., / bag) tg draw.a sanple into the sensor
chanber“seﬁﬁ“dP@%rt‘Pﬁ’&f)ﬂﬂ*ﬁelﬁgof’ﬂ@Oﬂo‘%ﬁP@'&ﬁa"H%‘ﬂ?ﬁ‘ﬁlj ‘%@?‘89*‘?‘0% FEB FhogRg tBe 5901 in
FI G 5@eniiffed c0mB6sitRM of HeQarhple Mas@etdited conOdation fonepaatplad@ipatitorsis 0fitsiBO05.
The sensor strip nmay be a capill ar_y_str#'l%'g:a}s1 p‘revi,ouslg descriped, and
shown ©°h2 F‘P%Hmeéi?fet?‘ﬁ@g%)}]%"t PR R diGateppigsith 8 gpolenyalgron fegeep 35! ‘?fr?\tﬁ mn

capp! | #1qy. BBf aabSiodd mehP@eeny inchi@ing &R Mowh I FIG. PIQhRy hirlitaie8ysdndeontbie
processor box gn a short cable as a snmall hand held (even pen size) probe.
This c8M MStPNO #ife a probe the size of lab pipettor or smaller connected by

a shor foeBBIE. ThesySeRH aftb RVBINE Snd(oMbdHlindid GffdHndtidn Yol AslentRr STudrendBREN € or
ot her nmethod to sanple the bag) could be in a holder simlar to how

pi pet t @rd/er Jierept gnitsy iffereniunds Binds saved 8,2 raester §ORORSI Y GUSGT 58 MASEh d j ust

snap aahd foRinakd iRfGAatlR bet@leerPthéRY ForRUARHIS FEG L 368h A% REERA Sy P@sRoaide draw in
a sanple and then after readi n;gtP eject the tip into a_waste C&Siﬂftal ner . j ust

as?Ps AURE APVIEFURE(PToPUPEY Y&t ) tprheck hgpctivifyeand/of Wistpryof a puhfs o gitFreHaBi e
sticks ;a06 dskie entire set of sensor tips can be sterilized and will not be
exposed unti| |oaded. 20[ 000286&% sensor el enents can include a neans of
accessilPP2BRLi dAs Hlustratgdn FEGS. 668pF. and ¥ ghesk syttem payjincide £ Rpinitopehsgesen dike

r et r actish@sn@\RlaxPReh)a bR Rdst Hiar KIQS eUsBtleliroRRIBeA SRR £ powélh@ligss and
syringes to make it safer for the user. [000287] As nentioned above, any of
t hese riprfages o pide maguly hay hoawd thesprsprinigriacedusshanisg(Ringng} conditioning electronics,

30  and some user interfaces (like the sensor insertion port, the start button and a biometric id device or a

scroll/menu button) and a flexible stand and mounting brackets. The side module is configurable to allow
for automation of the disposable sensor elements or for single use manually loaded sensors. It can also be
left or right handed for user comfort. The flexible stand is also configurable and can be mounted on table
tops, walls or ceilings.

35 [000283]  Other configurations of IV Check systems may also be used. For example, an economical
and easy to use device for insuring safe IV preparation may have a sample interface that fits in the
pharmacy work flow and is inexpensive the manufacture. Thus, an IV check device concepts may be

configured similarly to IC packaging (e.g., FIGS. 57-58) and glucose monitoring (FIGS. 59-60). Both of
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control to allow conpensation for variations in fluid tenperature.
25[000288] The 1V check systens described herein may reduce error by
ensuring wbavizxdseoshV bag that needs a rreasurerrent i s eseemttusadiipsiobel d” in

place ntil the neasur rrent n of .approval .or status is
G ven. s CBEAPOV CORBY BB Sie 1 Yoy B 1o gl i profs PR epse BT 05 1o
the ba%v@éosddlgjoﬁa'ble $)egiaastdﬂﬂEOIﬁfguﬁtl@ts(demﬁther(bamwamm alsd’huds‘:ld.‘dhe system

may in hol der for hol di .n he IV b t|| C j is
To o1 el Cforeimnan Topen et munsuk Ketedr R ast koborsBPSSLR ) ° or
30genekafsbi@rtdd @BbEEor e it eystenptasd. Aroaﬂtetdaevaw@odmﬂmathowg it Gt 57, whivhs

tested and what th sults wer For e, the uestion
can’ be " a@élﬁuﬁlpé‘jﬁscrﬁ’ﬁd ?"I’iésﬁa'&c%ﬁ@ Rgﬁﬁ%?ﬁerﬁé”r%‘? Sgnsgy %[E’Il‘&‘smg%ﬂ%““gg’ét“&%g oul d
then atsg@cdhdderlbisaess80b eitsRAsOwelel enent to a tethered cable and then i nsert
it into the bag t hrough the septum This, device can mclyde a seal

r eser va9P02%Akr e FiGPe > &nOrllyst %‘F alienatine variatons i gékl‘e YSRAt 3 WLF P Fha'hcﬁg a

pressung dfhhéd 1ﬁﬂb€érﬁé§ﬁxled BRLREH thdd ha$ iRfudE a RecaR DH bBerGharp ip fdrYulvagingad t he
reservoir |tsel to create a flowof ljquid into the reservoi

devi ce seBRlingehambepolabag (£ gl hag)to dgpwa sappls o thysenserhambes dorigsting W/“%‘é@l and

meke t Regsbd Héhﬂné3@%t A6ilsor shi9901 BEFIQPSY) &f ifdertpinfdaRe basé @fif SHORMAL dppropriate
measurenent is taken. The a proval i S performa% and no he c%ti)éeglsam)l e

Can_ be SEAIedhe ST H1iB BEK Rbk e 6y PP HERN fespped. an howa &

2012/ 034684 &evh WSRIGE 15 DmbiQ8 Bret iieizie @ Bdpalagnsifetts &pm@eﬂlg He. sarﬂplélemh semer

el ement can _be attached to the cabie and ﬁb‘?&w ?/Fﬁ 19 %Spec% % &

br ack et emoFh EOB RERERRETSEr beswn Rshyycap§s ¢ praal d (RYPLDeNPRELPTP P&8t? at ed
in Fl GgclfRid aphfbe 63 -sizk 00QR BiBtfdr di m&abh&ceeaﬁeghoedoemnthewetdar ﬂerﬁ@]ﬂst(WﬁicBeal
can_be used in conjunction with a stand rd Sérln%g) The %p or can | oad
thé5ba§0'6ﬁ"t°hl€e§ﬂé4”r"e SOHEIOF 9B anephar) [ @male ths b € iRh UG SRR 8BRSV ds t he
bag i n pRleRsiQipyl B isbld 49 Shad@ih PYURI61] Fhohavieteld ctéhicswbaewsﬂ@amﬁmnfrmmamexor may
not be necessary and if it is ysed can pﬁqe overridden 'r el ease” hutton.

Now t h@8p8PRLwF the Ragascess BARP drayrn ¢ pamnly and fheg a&?fdetdm%‘@t% thedipjinip g wasig

sept umcﬁﬁ&her?@sﬂ&qﬁ d&te&mhrﬁipetta_ﬂ'tﬁ)s metﬁs Wh IRA is 1eSs i<k Suith aBed leasipks@Wdthe ghtiten.
The sensor. el enment i s now re omth uﬁiogl ne and di sposed of. The bag

is rendtaf s toheands sterlized an t‘f % Ps§ ekt measurenment. This
vappat ijge288] i | IrHSichdt 88mbts EnGERIude4 nRRkh FFaccekHARARAQD ANYagQbmilngedld, check

systenms may be used with or incorporated into portable bar c tge scanners
used i ficRddyshican wcludg 3 fefracting gover mechanisg I‘E%t'ili‘ﬁ%eéls‘?ds"“rf@[“e pesdlss raeters 2the | v
bag or Sﬁtﬁg@gtomg%ﬁg}rforﬂhg ude® possible to consider destructive fluid
measurenents where the fluid is altered or destroyed during nmeasurenent.
For exdf¥1287] neds meatiinmad ahoye anyef these Martieng maydesl ?ﬁé tRRRREFRtHE PN Be #YQEL r odes

or nea%Hﬁtmer&gﬁﬁenQéth SrSARRILAL MRidEmSdf&tr i cal arcing conditions that
woul d break down t | uid. 15[ 000291] Any of the systens described herein,

i nebudilfeP28BE | W_hQ:We@kas%VStF@ﬁéeSCM herein gy fredyes @Tpr Ay ensine that thsdy Hheg thabr

hi gh speed a?r?eg%lrénnegt ?Qgeﬂtﬁgp %?H”@lg 5% GRe mgﬁﬁre%ﬁmafen A sdmé Gheek type
of system nay be configured to acc pt an aut omat ed i nput of sanples for
measur epemval or sEisss gifene rAnpapprayalrmayde a psintgd bat cpdsj lakel thets fpdierapplied i bepiees of
Si pper Wﬂ%@%@&%@%ﬁt}e& éagur@rﬁétt Vﬁtut iy tn%mcluttlghaxaffmemy gidiRyy for

the sa e neasure en a | ng solvent would clean the
sensor tEy pavhtilichecking isrompletes antios mmaﬂ@agt}riewﬁmt@n gTisEates RFinggh garfohouse t he
ap op psor
B e e Y
var i at iesampé, tiee INi bgla 63Q9rin aegspen cap bﬂﬁlﬂgﬁm@tﬁt@ﬁe Iy ﬁéecéfywe'ﬁ? Wbt kegckety The

conj ung «aut

et os gy Wk BB QRSB AU HE B8P el 3 el T ERROebeg e
vial s alnreugh the sepitupt Tém@lpheﬁr cagtlravtude A sepled resaryain Where thetsensor residesand the dplpmer
takes apuelakhoy 9&5 %Qﬂr@ Eﬁl}greﬂaal%%e% 1 sctatﬁgu%skd?é BQQé"ﬁﬁﬁag ahd e retsgl'emt YsefheCk

systemvia a systemo switching va rrg%1 [ 000293] I n this
exafpl &0 crsaterpflew obhiquid intorthe resgyvdie Thisideviee ¢anibpdikeandlaispikrte penssire tAﬁS‘»’iPWﬂge of

the of the IV bag and make the fluid contact. Next the operator pushes “start” and the measurement is taken.

The approval is performed and now the cable/sample can be removed. The disposable is removed from
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entire array can be imged and processed either on the autosanpler side
pl ate feeder or at another station. For exanple, an array nay be 8x6 -48
sanpl es/ pvate12/ems4may i nclude a sterile spike to extraeCTammphmsﬁﬂsron1

bag. There, nma u ue barcode on each sanpl | der h may be
anywhef Eplg ﬁ%ld ‘B?@“d 0858 “E‘ﬁﬁ?ﬂs‘érse?eﬁgpt @n %Wcréeﬁ}%‘f ﬁ ﬁ%’ © Wftng%r?ﬁg%lg?é fg )Zlm' n
vs. 30966 thatidrad The sysRMQL2 0 Aady detht Wéxt sanehld. €Thdd isl Blusroittdtie BIGH. dharsléds or

cartridge ign may be good for "x" measurenents endi ng on
t he coﬁ&?%ggﬁt. 04\dlsmblgé%éwfee’amwrh&gsgr’ta@gf ﬁa“rPéy‘S’tﬁ‘éPé?’H‘i"}‘iB""t‘Hﬂ?D as vel |

as the sﬁﬁmgﬁﬁg@f’l"hé bp&AtBial Yoall B2 bay 61 BEshef ahdl theedamBesd chIal‘EgSlﬁéthhryanﬂmt be
fl oor nounte

or 35fl ange noun ed to ench top or ca

into whedethePpgin place Wﬁ‘ég‘é a?léroba is %“ieﬁsi’ﬂlég‘” %F“é‘ﬁim may Op LY B ?’3 P%?%ﬂyl n
wast e hed i |1tQ§us|@&(ejﬁ ble o$éﬂalgdelﬂ b} a:“fe'le%e” E@t’tdnl @ﬁ)w\/ﬂge; <|£pi_eﬂttUr @hﬁbﬂlﬁbp&%ﬂﬁﬁrﬁatureThe
system may . incl.ude |iqui eve rac capabi | i.t at can
o or pOTbisa N PR peab ot oo hE BROBEDIRYS Hi i afproval iven. The
|2:012{ P@%&ﬁ?@n@ﬂ@& R dDAEN d&ﬂé@ﬁd&ﬁl&xe albﬂﬂsfpo%eﬁ of. It blaglsaerﬁ(ﬁﬁdl hiidatle §ystaintg e) .

inally, the system na rovi reports, ata cy IT server.
[000299P%6WQY§§ e&?ﬂﬁﬂ%*gﬂn?ﬁe%‘%ﬂ%ﬂﬁ%Vs VgF@W§“hg§%P$H% herein may
i nghudeoEn208pP. ehayBithe BV cHREVEySRmS gy bethde® With 6OIRTBIRIrAAT infipofthblé bee cbdé 1 ui d
to the recognition sensor while nalntalnlnq contalnnent 5and sterlllt%@of

the | Vssanpgrgused HENOERIBIsnelipidsesth) ActBesapinledhnqrag! 9 hedy iR el thes ARpiaag |

sanpl e%oé’sﬂp@l@rc&@tchér destrudfiBy 160 MRENFERHIB Wb tid fRAdE a@d’redj@@bﬁﬁpﬁiluﬂﬂg t with a
rest of the system One configuration of this cap el enent connects directly

to t he MeSUBAREIb rF ok G¥ampie MERSHIS B slestinckentical f‘igH‘b“sW‘fkbﬁca"e elgofPdeS@Bd or | uer

Con nectRhsutenttludertigl ®mpdatiri ok SleWhiél Brc g BalditRhefat Widild Bledraigws eftflung. and,
rough a channel, communicates IV fluid fromthe bag to the sensjng

s urtd ac 40008941 he Ang efthe gisters dessribsd heran. mglyding he f¥ éh‘tch SIS 2
hol der h@ﬂQh@gQﬁu@or(ﬁ%ﬂ @F&:ﬁ UmpMnk Iﬁn@reﬁﬂhdﬁﬁ‘g §9temO bt GleRdnille, h W Bhéck @pelohe 1V

bag and delivering his sanp | der, adapting it for use with |V bags.
The coRYHRM® BAY hwnﬁsmgq gacqspt 4 avﬁrr@% St smé?s foy MegsHEMERts: o BtHecsse a

luer figth 'séhged‘ﬁfggaloﬁ pBRGr SR}k f @Fppér@@ndchrssl%&%te@ ﬂ@mlg'ﬁn@mi@iysﬂéﬂﬁ onghyitse

connector would transfer a small anpunt of uid to the sensor surface
The commeetlow fandis sample tcabqra%aﬁ@ad g thene ﬂwle&@&@msw deaSheepsopdipaly for

nmangf aGidibGueat Bfs@Hembits. LTHR sYR&h cdnIBitRd hdbopRits Shodn® 2he b}?@s of Aubtagghi ng it
during manufacturing will allow subsequent sterilization of the assenbly

and t heplaendy: A pesdgeuspRinteasop Fartidae may 'i*Pé(F ? dinitplife ppbwilhperenlacgrble 0002961 The |V

check ﬁlsf@dz@@] or pfG¥iveSatioh %pal lfnlgﬁr?rﬁfo@ﬂﬂﬁlg&lﬁtgbﬁtl&ﬁmé|s§'st§@@§1q{§ inl ddnjokGBn aviey
that this can remain attach to the a or sy rln% Urln measur enent s.

Pr ef er rapdutessiplipgidexice.ohech 4Srﬁb,e| fé@@nft 1769 @ltwqmehr Bihich has %14%91%@6%% mappa! it
verti C%Jd}ﬁg aﬁfd(égﬁuﬁﬂgs @alg%g?llgcgatgﬁ&hergfatl$M§ Bunfvii of Foba. |T9é"ét¥t<§l§m§l¥tr thl&g @n or bag

20t 0 rest | e or bench top while the neasurenent is . Thus a
verfi califypt frpm@mhed theayighy @dulm@émeﬁ Bio raﬁHV elirglagyetonitia @?ystﬁmwémbis@ ﬁ\tvléﬂhmg
engagquggsgﬁr$gﬁiside of the device may be used. B. |V delivery systens

[000293]  In this example, sample containers may be 2ml with individual barcodes. An image of the
entire array can be imaged and processed either on the autosampler side plate feeder or at another station.
For example, an array may be 8x6 — 48 samples/plate, and may include a sterile spike to extract sample
30  from bag. There may be a unique barcode on each sample holder. Throughput may be anywhere from
~250 — 950 samples per 8 hour shift per system (assuming 2min vs. 30sec “method”).
[000294] A side IVC module side mounted with sensor cartridge design may be good for “x”
measurements or “y” time, depending on the configuration. The sensor cartridge design may determine
this, as well as the presence of rinsing by the system. A liquid waste assembly can be floor mounted or
35  flange mounted to bottom of bench top or can be plumbed into waste line. If waste (e.g., rinsate) is

stored, it can be stored in waste bottles (e.g., square 1 liter bottles w/ liquid level sensors). The system

may include liquid level tracking capability that can be incorporated into main electronics (or conversely
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[ 000297] An IV delivery systemmay refer to variations of the liquid
nmoni toring systens described herein that determ ne the conposition of a
medi cal IwQuotr/asosst is delivered to a patient. The syswemusmylllom%)e

passive (e.g., mpnitorin liv the IV fluid.and

i nf or rrﬁt"i’tb‘?'iaP‘?"arTfl«;‘F“ts ‘Scﬁff“b‘g‘leg? at“fﬁ é‘é‘f‘lﬁyvg‘ef%qteﬁ‘ A PRY P ?o’ief’%‘? ¥8ae? ?’8& RIETEEY ¢ he
IV fluiidshasged on the noni tored corrp05| ti on of the IV fluid) or sone
conbination of the t nt erveni n sto \ dr del i ver | f an
aver cabuBasE | Soms xasmyens aLish b Aharh MABT rtg R R PGS e PR g R o

[ 000298Libems aBY%d QifmunRYtidnesdea vl fMide diegadoghifiordehidf $/hil@mngintainp@v@ainment
docunent ati on/ recordat_i on 30of |V drug del %P"e‘%’é Al t hou h these ddeV| ces may

be Pef @pd gerilityolife IV fuid sy @pmay brplacer pp a8 YRR 158 %?Mﬁfaé*af’l? or use

W th anyetherit Ilnh ﬂ(c‘d@vﬁﬁiﬂlt’ rYde&YAdde o8, withriGrbsd Of mgsyE(émdlﬂnalconﬂgﬁ}ﬁnon

di al ysi s et C. 00299] One exa of an |V deli ver?/ s%csten?é or ?r]ra;a (gt oring
the corbHhs ‘taPSWmG‘Ptr‘i&‘F\‘iﬁfF figectly ﬁ@b%r?asvwg%wﬁﬁcw ible TG ES € BFACFAYT on)
of 'V filddcéledtSrsSdn@Wbntains F9pfRS whithdendiréds 8 v 685 sefti a0k alfplgh a channkly del i very
system may incl ude a 1(ééensor cou led to for onnecthgg1 t he senzor

i n- 1 i néoRMppicatedY Hpidisem .Ehed?a%i@lt EPS% P%ee%c’sthaf conygHHNG O BAGP TR
et qo) . Iﬁ%hémmamgaﬁ@ldala@d/mdsab@meawltmlkbeorloamﬁmummmatm bag dndusi ng, a
connector, a tu a drl(g: aggmber
D)

. a or. ot her co nent

i nt er f AEBVeying i this s3mplgbe! RYigE it fruse %’i}léwmgs THE CUEgE g™ cﬁnsds %‘bﬁf?&@ed
to It hg o@ld@ﬁﬁulﬁgﬁfﬂﬂf\ﬁrmta%d Qfl\;er ﬁ@ng%alatawéf RGHE biBaGhd/ @5&431?81 tmheghsyet em
including a contro or pro 0 or ac and/ or ' angl yzi ng
o 5 At cter Mot BiEb A SR Loyt S B Uit A MO SR O | on o
det er MRt tROIVRBSEK saﬁaple%ldemnhg/a fnbhllfﬁ&urfﬁ@@teﬁ ystyalie wsayinmediatetigirior i ne
t he _total amount of .drug gellver | ustra L{ed in hhe fiqqurrﬁst %he
entlﬁreué‘i/s/f‘&"rb‘ﬁ&if Hne B ECUERE ’aﬁllowéﬁbse‘&ﬁentzﬁ' AR of 18 PRI A RO ei ng
noni t ongd chdnéd ofe¥@bRingtiontdfheIy Slu@In 5may be nounted or hung fromthe pole

[ the 1V. In the exanple shown in FIG 69, controller and

hol di n

proces 3890?&6& i Thehf dieglsyiienier devigsriseibmay Wheasfmﬁﬁtsﬁ)’t?%’é‘é\“é‘é‘nwaylﬂﬁn e
vari at ic@enfaBeatRéHeg BBOFagdR SyrRibe 8RR MAaduRimoNBY PRAMY BbrFahtinstiftide tRED! e
processor for data storage and/or anal ysis, thoug1 in sor@WCt riation |t may

be benethighogrentthe m\?és.‘/ém%mwaﬂ)f Stchaas g hanging bag o fopwhiciug 7 IYERgeR] bag

[ 00030Q} }dr sadcthBié Sbehsh tbmhwtﬁé RBAsIRAeAQS mER0MWUsiaRerit{By oBienttd@inpiesnsditioect | y
connected to the sensor, sone vari ati ons a central

recei V|aﬁ§;F‘P&§§€g‘i““1'ib?r@dﬁf‘FQ5‘Fall ‘i'g@g%“feéf & iyt s dedesdnayd§daeda st ati on may be,
for exanple, a nurse's station nonitor that receives information on

mul ti pl e BV INoRiifepy dyogmsyst ens. Such a station nmay be client software
running on a standard processor (e.g., laptop, desktop, PDA or other

conput g0pO297N S AEV\GRLiveRs dySeH n@d%{'efbm ivitiigRd of ik Id@idinvadityrisytans dusytibbe
conpetent to act as r[% nonitorin tion ({:ew ewlngﬁﬁgnd/ or, CO?Eﬁ)S ol I i ng ot her
|V del ihgesinthetyletermipe the gempopitipg of 'chm iephlistid et 1§ ACBIR {97 PaEERS THOYFPP %Y at es
OnQSVfirb‘e?EésQ/@ (&4, BoriefiREMell & ofthB IV HuidAnd pratilip infélaatibanilert oghay) dgctivee
status o

mul t i IeIlelver systens nonitoring patie 0301] The
vari at i(6#- SHRINNE Aeliprsst ths X s onie TRFSORA & anﬁwagp%%{‘wg)?w fie nain
el ect r QRBGMmatichSH theAWo EXQVilitetvBniftd {o.5tPIV dhlpRielRRIif aRadE eRBYventis likkebaed sUCh
screen or _tabl et corrputer W th a back case nounted to it and a clanp for

mount i H@O“t‘tﬁr”ég%ftt%‘é&‘éf‘}’w)stand The case houses the all of the 20

el ectr C{OD@S&ie%EgetsfﬂstJnﬁ%Jyh&iu%f Bl RBYicaADn ¥Rbrh, aA® intbrBAtdbamEnRAKrebidation
sub-syst em e cab t hat ‘makes the connection fromthe main unit to the

serfor ofNE dmgdgkivery. fulbough Hiege dexicenaay by reieaed €13+ dVd s¥bisy the sy Heemaynbe
over al |ad§31éoeﬂoﬁu§e%mraﬁp&ﬁérqﬂuidm@ dehife épglaieﬁls ARG G IR A PCA, StaBs, Ac. heat

transfer el enent may al so be included to heI elimnate heat fromthe case
(e.g., 890%%ns1%1me¥wlwf ap ¥ delivanppsypem & movn@mtﬂt%ﬁﬁ?mm}tl%d%luamgﬂ%fetyc| anp

t Pa: h‘Malnh i o@WaridtiohLeonBARARONRHEVELSiRlis B8ivh &I FIskeaNg7B dess! FBdxamplE, i des
(0] e unit
IV delivery system may include a sensor coupled to a mount for connecting the sensor in-line with the IV

35  fluid delivery source (e.g., tubing, bag, needle, etc.). As mentioned above, the mount may be
incorporated into a housing, a connector, a tube, a drip chamber, a needle, or other component that may

interface with a standard IV delivery system. The sensor may be connected to the other components of
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25can have a rubberized case to protect it fromshock. A handle can be
i ncor porated which could also provide an electrical path fromthe tablet to
t he el ectwoni)nmsmsn addition to being useful for portabﬂ)blrmskadjom’osrent
[ 000302]FIG 71 ows an Zof t he ack .of tg tro [ocessor
port i offegysiEdnd ‘Egearﬁoﬂfé%lkf F’gi‘ﬁpéoﬁf)s\?%r of 43dyiHfgan )?éﬁ% émtglllré’mf:ase houses t he
el ectr @&c&&ngﬁlﬁl‘ﬁda&ﬁfrd&eihb saSorandyacarpinbinhtényto Heléﬁune?bl&[dbﬁ@&ﬂ&]nmﬁ tHe\WV dleldi ver y

t b f I
dor | vore Drtepy gy roieFa e el ot of YR AP ES AHIFFe AL P my
i ncI udeystdin inBf BOdonheekd Inbar panpr. adfacent e»qaam ﬂuld a¢ingbnitoesd| Vondahmple,rtye ssfytsmem

ST i e ing es i bR FLDE il g i rLfLERE Medipofe” ™

di | uentapd pﬂ;&@scﬁmtlﬁagrﬁraywmei mbhieor,bhswings artanﬁoesomd fni some bammrthqoproqmmﬂ ng,
medi cal reco stem t

D oy 2pUF Rt ler Bl Spinics Ui np kR TG AR Tt s 28in

i Nt er veahé caniatidsit Maynbe enefitia bohaee a tohd psyesdsemnatayindbe dmméol@aedad t o connect

to an | I ringe, 1V tubin etc, e ck be to
contr ol[&e(ﬁ@ghel ?/'\Fé’\f/iﬁ‘oﬁ Bsystem Rond tg ﬁhﬂwﬁé{’rﬁgo%gb@ﬁés é;aﬁéﬁbﬁl%ol"gecgfj t%%‘ﬁfﬁ”&% WO
2010/ 03453 RGH D20 dchirAlFdR0%h of IogHingl @nedlifd Batoh RAy BEMmBOr Sycasa smﬁd)d m@sbef foow

rate). In sone variations.the s tem S con i.nsul p
b KO B © ARG B G S B PR Rion S s e Wests "He Fuor y.
[ g00304\]a{16h la@gtseadllzﬂemrsofnaane Amhing 6n h Mastatd predeysosE s, Qﬂ]ﬁtdﬂia(}eslftbps S’IDAbnf& offeovi ded
t he pati ent or exa reader or bionetric information nay
be proVPEe erb o"SBmF ?’?r}?f‘nrgélﬂ)f l“??’ (ﬁﬁlﬁ ﬁﬁe@hiyﬂeﬂﬁ“%bﬁaﬁ{}? (active IV
c(i;l i Veﬁ%n&&lﬂfg&f&lOﬂ&VlGﬁﬁlg&S&’g@bﬁfﬂholtlﬁg @h& e deliviesy spﬁémeﬂhftl if i® tn doh‘mﬁhﬁic'atumr y.

the p t i.s _assigned, the punp can .autonat.ic Linter t he
R LI A el M e R S R TR S T
done omGEHIREIV @ilérg Bfstedds nicRd6riHg patid@fk. peri odi cal | y. The |V may then be set

up (e. hanlngthe bottl e ba ahln t he ne to the

bot t | eﬁ%‘%‘&% dep ‘?ﬁﬁﬁrﬁ{jmbﬁl?o‘f’ﬁé‘%ﬁgxﬁ%e&mﬁg?%&)éi Wﬁ‘ﬁf‘y"b@e M38ded ont o
the purRc@sicsichR. Y shdwidn EIG FONBEmbIA chdaena ﬁYr[dld’leQ tou&l@sc}_é’éﬁ oS RbI8Jomputer with
Ilne/cartrldge i ncl udjng,t ?nsor may then be en % d. Fqr ex t he

|V | i n@ bRgrapramppniddeyt i &C f‘ﬂfé % Iepntng e _ il H 0514t .ousm%re”éhﬁgmaan

engage efeb@onlicd neédde toran tHd @¥stdnl, Wb dell 8 4BARDS BackPpIsOPEYsthe | Ohe@Bile thREmS@NHOr | S
engaged with the device to i

et ect nti and concen tion
di I uentoReEHRiTEY) the R Wi Fﬁ)tﬂmsomf B 2@? W W0 &F Py i eﬁfﬁf PRt %ﬂéﬁiﬂe
pr escr iapbi@ill $hegOmeSpdried Bito tHPcdblRGNE Corin¥@6rsydtérEA ABA traFe cleMBAY/ngdy alsd bs et
FI.GS., 72 and 73 illystrate one vari at smart punp

?;5{ Eﬁqlr&bdggooy’?%@anw&@flﬁm% BGase (§-& +PYianst Frﬁp%top}ma%%(ﬁ5e3L$ @?m%lﬁtr toring

and combved givdd @lainb@hadﬁ/ill ARt 9fchdigt krigh for bévted Viev@isg. TrRIfroaxamdRldes ofithe UnitG. 72

a in controll rocessor unit with a . touchscreen 7201 i onnect ed on

oy <& e § BB Ot Ao Ao oA PSS co b oo Wpish S e hadul .
tubl Ng proddk ah léIéthazﬂ phtl/ flotlthd@bls@b tHRaRESReids i @igtorad UeifPuefubforwi t h the punp.
As shown Ig%)(? each tubing 7221 may be snapped into 20t he back of the
devi ce Porf4plitgg P?‘@erﬁssenbly is nounted to a pole 7225. FIGS. 74 and 75 show

top angodg3en} VIFEWS] sEEEREAGhARE he bdk JfitR cORtdNeMptbdessdf &h@] mmywﬁtem
ch may house the controller and/or processor. FIG hows a vi_ew of

whi
the badrscipediabaverdn thissiample frecassthopies (hs sleptropsed Q5 as pyell ﬁ%a ?ﬁ’f}“dﬁ fattery;7d €,
poygr J@@dsos]andAmwem%r}c@a%% ?‘B@(z@r)ﬁg(n%dgsa ‘skBbuinp” dh%@ﬁ\%q, Qi back of

t he deV|ce as is a polée clanp he entrance into the punp housing
in whi @lieReofithaiviig tfmtlm Eﬂfﬁ@é‘ﬂ’le ed Y saliysrosrermaiitdhide ?6@1%&*&51 Vhe

sensor uah eF&%&Qm@E enabiR v @Gl%%ﬂ%ykt&n ¢ b U&Hﬁﬁl}@&' & aﬂﬁllly A\:t&@é%éd s?rﬁlt%ufﬁ%y be
shut once the tubing is positioned theréin shows a back

per spedhat v@ew@wlhﬁm& aytosnagipgly decegtizes T flgd (¢mes HWO@%%RHW%IUW t1he s
var i at isQder Wgutma dw@%ﬁ&%d tifle bAE o PFoRratRRd, R3dRATBRR Lr MUlke (e.g., EMR)

[000306 | ustrate exenplary screens for a smart r’r?
FI& 7 §)ﬁ,§mmp)f—]thgﬁf0fe administer IV drugs at the proper dose and time without requiring mterv ntion.

As mentioned above, the system may be configured to connect to an IV bag, IV syringe, IV tubing, etc.

Feedback may be provided to control the delivery based at least in part on the analysis of complex
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of the smart punp is shown with the touchscreen indicating the currently
read 1V delivery information. In 30this variation, the screen includes
i nf or mat iwo 20r/w3hBs4det ect ed drug (Heparin), concent ratl ®0T(Uk2019/0k¥ong ) fl ow

o T e S 5. LR P S
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l e fi t
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achpevegt badlhéfIhd dlviRE NBlid AfireGIRmMBE iSuAbGNEAL th @ pble V277, cwa}slad abid 73 showngp gmdoposed
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of pot @bleicRin w@wmuﬁe’mndeméheppmp h@ﬁtngarﬁwﬁ)ﬂ‘cl&)m'eﬁﬂ)ﬁr@rﬂi@d)elpmcéd"lﬂ“vdq}ﬁh@e

da base 20[ 0 In additio St &Is descr| bed rei ncl udi ng
S DS ekt Jo Lt s g e s s AR M R haerie. Septrier Pey B g

sol ut i QA8 oh& the ﬂaarhg ﬁrHSSItl?]ﬁadem VlHiGI Bt showsa bahg payﬁegﬁ«wmwf thks ahsdailment

aut ona oun t ru SO ut| se n at a rom atient's

ol T T oty ek Viantp R pHoie i e T b Rl ufib e PRsRa i/ o

di rect I[aod3roe OIFRGOr7914R4 €0 nmﬂa&raxe Bﬂyts@ﬁeélslfm sadbtipi@p! rmengalg @48 mah unit

physi ol g condition. FIG 81B shows one vari ati on of Sy stfgm for
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[ 000309] I n general, directly sanpling the drug solutions as described
herein provides of the 35 advantages nentioned above. For exanple, errors
in narklngocammnmmarcode narklng) may be avoi ded, user ecmamm@nmsnemdlng or

nlslabell IV b for | e t hat r.ec |l e
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aut onatbbﬁﬁ»kdqrosbl@mmghmm the 1V fluid | nt roduced in the IV | i ne including
and .di | uent

OB T RD7E 2% e RO stieHeisate Tt 10 10R Db e e o B L ROV iR o

re¢or dggllowa saaﬁl aalm dbtat médicadonighed mddivation /gbin rd@ﬁ(ﬁtlmdmter pesient strb@nit schie

need for.in erv i require d runnin and

o ovi aguisphir i il misevine Bof FR G By nscsRs DB R R P e RlsF R N
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Wi t he an ose detecte nd s ! der ar.anmet er
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det ect 'OfroqBReclIe g OROHIRNE afiru%ﬁ utiogs g qeHvRrne FERdR G‘i‘e@& ¥ and bar
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to the orders. [0003 at.i ons,

condltlo (rate, accardin r
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The SnaptuhRpoR e b ey Guadie Pofer ut LS srd e Br B Edir r m
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user error (misreading or mislabeling IV bags, for example), etc. Systems that both directly sample the

drugs to be compounded for and/or delivered to a particular patient that can access a patient’s medical

records may be of even greater value in preventing error and harm to patients. Such systems may cross
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version as per standard practice. An IV line containing a built-in sensor
and punp cassette may be | oaded or threaded into the fully automated snart
punp deviwe 2nre/m408anner that can only be engaged i n t hePCWDS2011/051098
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dr ug or{OQ:93llaEnt Ird%?‘é‘cﬁséﬂpra?rfaéerly %ﬂ“fﬂ!?ﬁd’ ithe pupp M1 P‘E’Hnur[“i?ffo‘ﬁ‘%‘]s Hite! (,ogg %tions
of tge vﬁféa]@&n@émsg Wi dsgital @EOE'@Cf}flthéi‘ﬁed Mygleiah mﬁerEﬁtyﬁtIﬂDMAC{BsmddBEd herein
may be configured as pultichanne smart

vari at iMgscatighadrinsgation g cleseyre ﬂ?ﬁl?a? g%@’étﬂnbfé’d‘p E’g%{}‘éa“( éOﬂh““ badreyda
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sensing el ectronics_and drug, dat abaﬁlg éll i brar

y with.lV drug/ dose/ dil
fi Ager pFIoRtias abepedicst arderyfIhis prluded g delivardate "FFD‘?{WPB?’“OP 8‘?&1‘%1‘% Cﬁsff‘tf?é‘uﬁr ug,
dose, gilyuRfmatcAnEbde b HAVGE Mbésmmﬁloﬁdeh% tha pBmp,ahedeyice dolild peithe SCdeten
and/ or buttons for i nteractl ng with the ower ¢ ? and ﬁ bgc
r echar g8 fiws sercerafionmddiluat shecs “?eﬂlcélefg‘é’“}é&ﬁgpar cgdq sﬁ?"erF?“?ff) 0% g ynatehcfn
connectyiHef a hidtch idW0eH, sedthelddliveat adilkio@te, bﬁaewdceﬂ’dd@bcb fhe bweﬁddl ng speci al
punpi ng nodules to t he ends of the processor unit. Each m)duhaVe

connectl00® 18he Powere vadatioas thedlayige ¢ be Bedimagualiidn SiFAG °‘H‘éﬂtt%§.’5%1‘é’ r?)?rd?rf’l

pr gges%g{be@;gglaggdq,wﬂ@ecogl ppi ng and drug sensing for an additional 1V Iine.
Mul tiple nodul es could be connected in series to allow one processor unit

to suppoq3 1§};\/e Pafiient assignmengfp 4 Rmp)cag b¢ pestopprd by ypading the patient bar code or by
entering the patient ID. The smart pump system may access the patient’s hospital record and confirm the

patient’s name as well as age and weight to insure the right patient has been assigned. This may only need

to be done once per patient, but the pump may confirm that it is still assigned to that patient each time a
35  new IV is set up, or more often.

[000315] IV drug solutions may be prepared and hung from a pole or loaded in a syringe pump

version as per standard practice. An IV line containing a built-in sensor and pump cassette may be loaded

or threaded into the fully automated smart pump device in a manner that can only be engaged in the
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[ 000321] For exanpl e, each punp nodule may contain a small screen to display
whi ch channel of data is assigned to this punp by the processor to which it
i s attachwo.2os408ai N processor unit may WO 2012/ 034082PTN/SkIB203MH951098

tai .  have the default ch T t nodul
e REGPDETERBRmAIe e ARteest wa & rib g ouaeas A “EPusPRont ai n o

SCr een nghcEdaksaydnd Ghel sbsot. Wincs ¢nighdedthOdevite dgh rufl emniitdryatediidguestic corffinning catrees
concentration and total dose, and buttons or a touch screen for prinme and
run to °PFASHB AY F°UPPLNE ¥ un t he punp once the settings are confirned.
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syst emn&dical 1520 1 3e%sssad ocenyaythardlis %3% ardenis a%?pé@fei%ﬁ 15 RY BN WS &F1P8n of
| V dr ugie AmidstRabi BR¥rmsidniee dak@rdeiptivh,itpunlpitad Altbthaicslpses thé frépdrlduding

delivery systemin conjunction with ient condition .data woul d determ ne
whi ch A& reinﬁléen‘}é%a‘}‘?dﬂ}“i’?ﬁt%‘OP B‘f%fﬂ‘ﬁ’l“?ﬂpit‘eeﬁ“{mpﬁ‘ip gﬁyo"tﬂ”ﬂmﬁﬁ’\t}%" %‘Eﬂe@é%%ns in
enepgenEk foRdhG pieerddttkafly.her areas such as battlefield nedicine where full
nmedi cal _care is not available, For exanple, such a system ngT,ll d monitor a

pat i entl00%dv'Er niOee TR dgviaevs lppdsrdhe admanipteadign yyould éake Plars YRR ey oS 2channel

or chanaghtal BaMas §AQeQ. ltht Hent tiheh pot8itAPerfon & d%iebtw?ﬁ@rrgp@eé, addg@atiengal cul at e
t he needed dosage and adm nister the 15 dosage. Al while verifyi ng t he

drug i denRg dilpentcigempativilities srith. o ewpamitab@edicpbips s FUItions, U8 dgEroreder? and
drug gidy@eiCanedp a@ﬂk&&hﬁ%uﬁ&%ﬁﬁf?&iﬁahﬂf&nﬁb{od DRuttiStaain Sasesbidafialtaner. pat i ent
response wthout the need for nedical personnel. [000323]1n sone variations

of 1P he Hoglthpareippoyider irsyeation maychedeqigda punp for the adninistration (basic

i nfusi ¢pgo3a8] | VTaOhuH @%saut&nafﬁaﬁgts@t%p&iﬁ&& (S ANRDTE: differedt 328 indilvidubl Frd?
punp / program/ push 20 start. The first two steps rraé be i nt e,rchangeabl e.
| £t he lBtRfupt Ggreansies and memypredants Ry mepts @b B gesses| tg the glepirqniq aediqs) repdy

sensor 1aRdiQk%iod BEindiCAEE SEE AbLIO BRI MO HAREE sét aruB @bncbiAitioNshd BV faleed - the
systemw || produce an alert and will stop m smat ch can be

f th
dangor GAMESH ingds (heddabae andplvages focavide A sty efihe JTES HMUAFHATI Op NaEed oy

whep hernd Reick, WHokd Waitdbsse WoRRIBRd NI PFe-pFBghaRdd HJliv&? conditiRtdohdntrdiRn GRIRRSI ti on
of the fluid and pronpt the nurse prior to or af the programmng step and

pr onpt wur [
sugges toreallsletes dnjthe drug lipiay, Bedigiriomndior aeonatalvessians gf the Rgerstgay also be created in

dr ug/ cQRG@NbLEALR AnE QP iRaLdsARSoRNHenY With sihMR) B (difndds) LubRENd M) RS tO
choose from [000324]1In nore sophisticated adm nistration utrlizing

Guar dr &1 infusigrogybediaic andnennakrebsntaut omat i cal |y generated by the sensor
syst em(ged| bednahRyEmSAleP: BGRisndbid iZ6aRBRE SPRNFuREoR! ks \aiiges (f or

exanpl € a pronpt for appropriate range of a patient weight or VIBlI, etc.)
vi P ualchgngesia drugrpg dilueat defagied after gresyis dmiaied. | nf usi on parameters are within
the Iim g .} i 3 (a3 i and
opr oot el YBR[l ST R AT R B T U R AP RpRRE, P
guar dr deteinghayrte comfetiursdrag muitishannelhutometsd smarhppninsf Usthesa vpriatiameorersingut  of
lim ts. chsgg%ﬁ]ag Bes¥ied GYSA ({'}g,r l?avﬁlgamngfe'n?e@ﬂa%%m%f @ﬁirﬂ%l{k: ALk RBh H{db!e,' Zl ng
mul ti - Channel Smart punps, t syStem can prevernt 11 ne-crossing by

i dent i frydprigtatyHfluidisenging eleqronineand|diugealatabase fibedry)ofith Iedregidaserdilugnpfiigerprinty 35t he
chapnel 1 L a i S si on.
[0a0326] Ehagh fTEh SehlonE AHr AR T e AR, b W b R RS, @b

( bol us rase.Jor togeh screbr aidim puttand far lindereeting it thegiewics, Ripedergordiand abpakpp t - t he

sensor réc‘fﬁr@gﬁﬁ%a{t&y tpg'\%r sQﬁfl}t f.n(\cuieeb%wgrriy g\te(ﬁ%pteg))eane Y u)rﬁlgctf?)u to é)irlosl:)il&? IT network
may be extendable by adding special pumping modules to the ends of the processor unit. Each pumping
module may connect to the power source, data processing and drug database of the processor and provide
35  pumping and drug sensing for an additional IV line. Multiple modules could be connected in series to
allow one processor unit to support several (e.g., up to 7) different pumps.
[000321]  For example, each pump module may contain a small screen to display which channel of

data is assigned to this pump by the processor to which it is attached. The main processor unit may
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dat abase and i nstantaneous drug concentration can be cal cul at ed:
c(t)=3.-1(F(t)), where F = AOis a WD 2012/ 034084PCT/ US2011/ 051098 vect or
response wb 20tea3s@asor to a concentration of that parti eoras2einog09s

det ermi 2 is the
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ot TF e SRR A Dy ey b o i g Rl Ebrc Bl ang SN REAL Ut Bt b€
Spl kes drug gu\hte caniipi aﬂgsfa@atcmnqlaalbcbyttbe Sam peseil oh dietpritenpresgonisevithestghe ived fori s
only one | {g@ nf 01911‘6 contact along the tubing and the notion can be tuned to
not abrup ﬁepress the tubing in the notion path. FIG 82 illustrates one
vari at |[ﬁﬂ03@3] t hh&omamlmhass afthe IXnisliveey sypngmpxmmdmgpmumhﬁtrtmymbmtmmd in

conj unction th herelnt a flow
of 1 1 aarerriti sk REseBg iR BB e 18 s P ot PSR AG R
spé@i f istartr Abefirstne smayrnaﬂeacwmhq)ﬂgeﬁh tfithesdrugprograrumed anptrtb@mnmieaemdwﬂul at or
ggxl g: 4enﬁ(fa ed%agfl %e%@%s?‘oes Sdﬁo? éﬂeﬁéﬁgcgf (Part101|1 %{1’055%'!1% (1)srno\|t7\}hs Qey q?rﬁllflie%cth%%gsltlem wﬁf or
i Il ust patdeck annlektlafi waBstor] ;ﬁﬁi@ﬂﬂﬁ]: Assna;mhadxdbet dangmbusdmﬂhermh;mtaﬂmp sydtent ¢rd

t d h
T LR LI e
del i vgrof ?ng ﬂhfd add pigspt tﬂie)nuree@tmptoeqr aamypmgramhmmtaemggess@tpledmtlsafeenfasmn may
i ngkude aC| eco Qin
den: Freany ol PRak B R rBine e AR TSR P B e o o
syst emchdosefrayst em nmay 1 ncl ude a nodule with a canera to take a patient's

Rer T verostidar o e sorisE R bl it e BR Gglan A Al E B el e

var i at iapmatidale gdnefitel ba fiegesyisdysam déwfibaebevertan bagpainheilizdrap poirpis@analbdtepa
liquid

(for example a prompt for appropriate range of a patient weight or VTBI, etc.) virtually ensuring that the
30  programmed infusion parameters are within the limits of guardrails saving nurses the frustration of going
back and reprogramming all the infusion variables nearly from the start when the guardrail alert indicates
that the resulting infusion parameters out of limits.
[000325]  In yet even more sophisticated co-administration utilizing multi-channel smart pumps, the
system can prevent line-crossing by identifying the drug in primed line for each of the channels prior to
35  the channel programming of each channel thus eliminating errors in co-infusion.
[000326]  Once the sensor is exposed to the drug under the flow condition (bolus push or co-infusion)

and the drug is identified at the time t — the sensor response to that particular drug can be pulled out of the

database and instantaneous drug concentration can be calculated: c¢{t)=5"'(7(r)), where 7 =5(c) isa
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35sol ution described herein may be configured to keep track of nedi cal
(e.g., 'V drug) waste. Hospitals and WO 2012/034084PCT/ US2011/ 051098 ot her
i nstitutiwoomym4isacr easi ngly required to docunment propecTdisspessiosof

environnental |y sepsitive waste and nitor for diversion of s dul, ed

i s VerB R TaS PR P St Beel B ey epatir RSP rEE B EHI A ch ey
be ref apke@th thOdadbasel Vedt@Ihitisy St ie MR sedsBivitg DNNEfERAGSS tHah®tud Ahdwegdngs @ythé ens
may be designed to enabl e and aut omate cong%}i ance with, both 1%§!>e0ti Ves.

5[ 0003IYF AT e e iE T diugsRacentatian pXpeshs stie IOYS HaRy UBRAYEBLIGRIUEOR fiEnnel
cont ai fisReh @n ProfAE behlaiy sensor connected to a processor which rapidly
det er m nes drugwi dentity and concentration. These systerH?11 or devices na

al o CHIOAZH a Whevihninehas lseHigpEiR. e rewoase dola RS tHpeckyagk 1 (e do B oGt
mor e \A@%h%rect%ﬁ’siopﬁgﬁ)élgerﬁx& e84l WD Stahidatd (ﬁ:yﬁﬁétihﬁ gn%mstﬁé i oPiRE sig QP AR

after el ng recognized to insure waste is in proper contalners for

di spos &dund inttheyme derien $weh assalingdenth the beinwegelaly ifusign piogess. Wher e Slowdysti nge
retur “?t?nejdo’rﬁécéu}ﬁqlaﬁ% &09% gb) Q%%ﬁle_r:%{éﬁllc@l %gsstirﬁ?ﬂgi &an be used to record and

segregate environment al sensitive ~waste docunenting the correct

devi co. may oper aidenpt (b ¥ Dlthtggelint | y corti fying IV {1 ui d waste for
drug diversion detection and/or environmental waste disposal. [000332]In
bal? or MouEiG4 g0 HetE TP bBoGT e etie: Crrbaeny e bESSr fed

t hr oug §’/‘f% qxﬁslggle%sp%?l})%ggﬁih_.- Iﬂﬁnﬁésgwgﬁyi ce may identify and record the

i denti ncen n and vo e fluid and cal cul ate total anount

of druguBsgar degdmbapas Hovd Bg ;%pﬁspﬁaﬁé binfimayl e v¥BYwillh 50 sydicw ésctibid herime
into the appropriate reservojr

\ . for disposal, segregati di fferent .cl asses
of s DB SFBFI Bt gretch oo SR off HEU DR YGRS by el dhay apmick s
di scar d{%@uﬂil{g AR tﬁls&lpﬁsi 1ax§geas§ﬁm§rt%¢h %Qﬁt?x%qssl?%] d?hl&lrdm_ee Ullfﬂe%aéesof@fe&lag@%iodﬁfeed
organi ¢ wastewater contam nants e ogl C urve na. .
o EF s eAresPRSS LETE BTl TR o B TROE T B e ipit St A imstionfog o
Refso'l['“' S&m-EARSLN ééﬁltai;[i&{lnt%ﬁdtid%.eqfﬂv gﬁb’\av&?li hz_(vgwal - Xes b'ﬂﬁlfﬂrrtaﬂlr)]n phuﬁétli!ﬁfﬁf@ilcﬁlhﬁ?r.
salt ety environnental Services, an a | agers e | C
app! yi A§e FerRApagign ?fHEeSE%W@Rldﬁﬁéﬁemﬁﬂ‘%‘a?t}/‘\ﬂgz %%Wdeﬁ%%éhfﬁ%ien%b%t at e
envi r on@§idabn AIERGH MS AGRAMIING WL padlo GeadtR. Thidegiod will BlséhBelcob®dllapielin t¢ingdl at i on

er da a violation 25can be defjned as one itemdiscarded. into the on
et o ety obs Skt feaiot YA Lot 158 CRRSEEREUITES i Ph OB B o OO

Map@gen pbtistdlty futpibetdns: héraisbnBions pomBsTdortert kiR GEMbingaMd hamotificdan detunedes
and prison terns,

[ 000334] Phay maceuti ca te is not one single waste
st r eamfo B pbruRilyepressdhesipbipg n t{}\%@?té’“sﬂa e%ﬁ ﬁli'lstr?t‘ésfqnégi‘“a%ﬂ’éogc}g‘ﬁﬁwg&i ty and
di ver sigtignOfanbiter gultpriohabshithal be 05 sRjupbiidh VEGaRE dntied puthp Spkensidescribed
30Heal t hcare has naqt \tﬁ)ﬂ)l c,gllly f gsed on wast e %trea@ m?.nl?a? emstnt, sp there
is |t bereindyprafycs Adiamgr i Fr@mﬁ?g\g 78 Tt Frdasontrgl the eryphingtt %aaﬁ&'safcéﬁcosi ng
of pharfRcekEviaab addBsbiRh tIEORPOWAipRGsurdticBuril bl dRice MRyt appropriagSodive
often diverted fromthei intengq\g ﬁhera eutb' duse fog i”'\sj{)?ﬁ’if*ﬁ use, i.e.
dr 0% abtSe i yarRRIS acstBT P CHRDSIRs &Y BRLSER A ARumBlsias ity fogers
pr ocur @uBidted ia FIGA®8. Subst ance abuse anobng nurses can range from2%to 18%
(Sul'livan & Decker, 2001). The rate for prescri ga?l on type dru suse s

001) ! '
6. 9% 350QUPEP hk ofts an agidigjopal cgntighany offthegystemy Agscrihed heelind P&‘F‘CEW&%F%%‘]“VC
depend@nia¥ry §staie ltn% B%ud3OndtAc dridthed BEhKirm& A behdtignttientily e ANAIESringBY €S
(Smth et al., 1998). The Indi ana Board of Nursi ngaﬁ_e timates that Jf5%
nur ses JEIgBSEOr qrample. arypfdhs systAps frseried hergip maxseiyde Tigiakseqenitipn a3 a way of doing

Anggt hgsbRhedpaies: il@RAEHSn Lidkd hZonjunction with admittance drug recognition system. The
system may include a module with a camera to take a patient's picture and continue to ensure the right

patient and same patient for delivery of IV drugs.

C. IV waste/diversion detection

[000330]  In some variations, the immittance systems for determining the composition of a liquid

35  solution described herein may be configured to keep track of medical (e.g., IV drug) waste. Hospitals and
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WD 2012/ 034084PCT/ US2011/ 051098 anest hesi ol ogi sts die from overdoses of
fentanyl a year and as a whol e, Anesthesi ol ogi sts abuse drugs at a rate
three timee 20teai34wft t he general physician popul ati on. [ @00332)1A061098 t he

nost commonly diverted drugs are.those frequently, o Y i nar.i adm ni st ered
o1 v Pl BBl & I o s iR en o Beren i RenBinhaseP e
t echnolvagy arfdationitet fecdivérgiodbfiselicsluia drugs) dlhb Mo Mdsieridveasivoh deteckiomrspstgninaieecribddany

oral drugs ar.e also diverted.and ny haspitals. use,di.spensing _nachjines and
di ver sIRPRUELTROH E5Frhigie ROV tlantrry e T aPe Y Ra b PoBramis e
di vert designed @l ensiddindatiiomats .comPiRR33GiH htwalgécavasy st ens may be configured as

conpac jces that pravid i d and convenient identification and
ot SO weoB v otane bRt SRRESBr R e 5Ok propreldh
envi :’ OEHiﬁ%}tcgﬂlrieyte@thgiréde%er Rl Mgﬂlytd@&'tmilﬂblﬁdrl ugddiderdlitysnd e eittettfativd Ahesd @y stems
conpletely. delivered to tients. Disposa cansi st ., of segregation and
sequesPt ICSSrf“?yn‘"ﬁ%’ Qranadion| BeRHES fi‘%te'gﬂ)’?ﬁt?ﬁwgf%wfogﬂu'idﬁ&? ﬂ'éeroéfﬁben‘,gasgl’hem cal
deconpesitdihedNintoorhi@t thefluid eamdisaitédand dgpsied ahadein\dsbgindnd dbunewsstais & asi | y

accessi ble for. qui.ck.re al and repl ac nt with ne ontainers, and are
oot BPHSORETS S sREHal ar i PR CURORE ey LR AV SRt eyt
I NCO nemiudg totd Ap&QEBATihg, AnS ednebe\tidedi tatdcordand s gatarviviroanaallysasive IV

including, .if needed, any flow.sensor,. . he contained in a di sposaghle
casset P ARG TR eIa T ARREI NG FREr VI T op shstioelesSuaestion T ou g
be exchangathywptitc@mprisaldaisiefehdendncertifyigMe flukicen®eior dupdicerd@ndeectiont he new
cassette wth the IV vvasdte fl uid path downstream of the port and upstream
of t he® WKL EBVEBREYF A disppE" cassette may contain the port and/or fluid
path spo0oBaz] a hroas bmpsdihendnil 07 wistelblyslerd afal) béTBperadddy the aitivtiingdéa 6rn each
seg;or cassette ZOCha(gge. The sepsor c ssfett(f magh al so nmake contact with
t h& pr SEBES o Wasts iypbport o devige- EBNEDRY hefPs fRtced 1Broueh & PATIRINRULPE T 8%t e dr ug
1E iogggg gg]rs'teﬂ{/@ev@e ¢hal dRAMify faid Stah aﬁeiid@ﬁﬂypd’dnﬁﬁn&atidﬂ ah&leoldﬁugftﬁllafll\&b a:&ﬁ:ah Iculate

An 1V te system or vice nmpy contain an r.all of the .
F of D onidi Smputian s dschpted ised of T fmp ot nduer 1 eSS e e SaRTcer e o
punpi ngesérvbil for dispdfOsegRgAing diFRrdnBel@sses WAy apptdpribtdlys FR&GtAT@r Bk eapty Oid @S
(1 ncl udi ng a sensor ai, descri.bed herein) and a drug database (library) with
|V 25dPiREBeRPuiFarisd iraPRYBRT4F MAYS and a waste di sposal conpli ance
i b ar y000339PNi piakmick@icadafRbaydend didauE, wadio® fer BhiameRhts bathd UsaSdokglthis posal
conpliance or diversion detection |ogging), a touch screen and/or buttons
for intS%‘P"ébtﬁdrPﬁarWaf‘ﬁmfarllé’aﬂ%ﬂﬁrec‘é’,“s%‘?'i%‘?@rbe gﬁ“@"\)\%@?@ ”tnggréﬁ) 30“1 I?CSP‘é{Fst for
wast e @bsRRGAN and Retdied ARt (FIEA ) Bbdpitalfladabibes Qhfe] amirbdmdnee ehrvidespder cor d
and a hackup rechar geaﬁl e batter ower S“pE"%ﬁ in case power is
i nt er r fASHIGHManages Bave JHHEY 28Ry g 8 fieccamplesrphagpagstcal wasts sygan-dhg ERdwer
suppl Y a@ighats ivirbnifdnZs® agaltibsdah vl BEpbrite MRS @ t6 $$1, F0Mper vidlednGRr 84y (Poiblasl e
for_use anywhere insjde_ or o(il{:ty e a healthcare insti bation. OOOB%L?%X/IE{B
sofe v & betdelinrd as pre ifem dispardgdyintasthe wiqng giaste drermy- S emnd £ EsPy te
i nput  pRIdepatinRntifiagd uf §F6Ugh thel chein oPetHthaNg teths CEONGR caiOnblRed fitks bl frikén Wast e
i nput Eq%{]t’ or pushing on a bag to drive out residual fluid. Such a device
may i ntf¥e sensing flow through the IV waste channel as well as identity

35and eqnRSHf I abhaARaceRichNRdsteli®hdt londldikie HASEsOES,WREseOErall dBstih & Gvabie ktrddiny @abi ON
can be cal cul ated and docunented. After each neasurenent, user may need to

rinse favsctthe spEnplesity sdkvepvly of the ghegialsehat Spmirteg Rirsmageytisahdaspge fFmsper
NESG Ur eRRIHcar hasHPSBRMETHcu3 &N iite stream management, so there is little experience with the

proper methods for segregating and disposing of pharmaceutical waste. Compounding this problem,

medicinal drugs are often diverted from their intended therapeutic use for illicit use, i.e. drug abuse, by
those doing the diversion or by others for whom the procurement is made. Substance abuse among nurses
can range from 2% to 18% (Sullivan & Decker, 2001). The rate for prescription type drug misuse is 6.9%
35  (Trinkoff, Storr, & Wall, 1999). The prevalence of chemical dependency is 6% to 8% (130 to 170,000)
according to the ANA estimates (Smith et al., 1998). The Indiana Board of Nursing estimates that 15%

nurses abuse drugs found in hospitals. The American Society of Anesthesiologists reports that 12
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WO 2012/ 034084PCT/ US2011/ 051098 [ 000340] I n some variations, IV fluid
(waste) is introduced into the IV waste waste input port via a punp, i.e.
any syringezanﬂbag4connected to the waste input port Wi IPCThse@ 10b®9s esi dual

fluid e ayt tica tant rate need
o i neraEeCar g FrBR v et P o tneie ShaiBrs B SRl foce
mastedmunh&eshedmﬁﬂfﬂdgm&mﬂpmnumanhﬂmﬁmlculated and docunent ed usi ng
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remains i,n the IV waste input port or sensing channel after the conplete
mastlnﬁw@FaQF%erS|on measur enent has been made may interfere with

subsequpos3é] ui swaslitehonsy e JsRfgAdd aarcorapacomtce.cthmlpr@me@ipld il comyeientpor t
and channel may be required. An autonatic r i nclude a,reservoir

of ri neSREIaCHI CETF ARl rEeldaa ey VBB BTt Pl fd‘uag PT EOMRAEY FIREYDr an
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fluids such as D5W (5% dextrpose in mater (.0. 9% nor nal allneh 15The
devi ceSSRERPRHRAY EPaTIUAIInqRIE lisBtsable Wase eon ﬁ}ﬁﬁmwa@ﬂr egieak %O"i‘ﬂ‘?fi P por t
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gravity froma reservoir above the deV|§ gg %%b ék% varlatlonﬁ
syst enfeRI2EEgThY|th BRYS coningry, fdkrg Ptz e Be dispashiw RS Gok ety TP ¢ he
pomer g@§&ﬁ¢&uﬂﬂ<3n and automation controls and plunbi ng. For exanple, FIG
4 shows two waste destinations and one flush solve t soHrce The e5|gn

aI 1ows (40983 al | In semp variggjonsy the freyBittanss SeRsPTHBCIuHRS (necdstany Py sk PBh"%Ccan go

bel ow, cQfaikdd€n 8 ufdﬁ‘osatﬂé @asse&@thgﬁm&ﬂcﬁﬂ)e replB@d SRS a@RimGad HRY.erha ckdtiteild bscanner
etc. for producing a har Cﬁf%ﬁOf the activity/status of the s em A

ment i ofsiangse WEh 2 peR casselte @ {ePlaprapebwould sumect Hiedpw Saxsets “%‘ﬁg ¥t ri dge

and ' nhﬁlﬂfpﬁﬂi%ow;mﬁarﬂ S€ihe PRY arldphtedain AR WiBtle RbBdifers. MRe Eadtektt Ay Coritdin thBpsrt
"si de-nmodul e" and there would be a tubing interface foz¥m%L 2es/bags and a

cabl e a¥Verdlvidpatne thayp Ffeiﬁ‘rﬂoft ang{er fHidpatiymanalqles ipcluded dre ¥ right in

fromt efanene sehfirasi@eknadyafy k& Sontaed With tlﬂél 1Bcedscd PPdperatahd @héts ali iffelpat. The
l'iquid supply and waste containers can_be aced qon the side of the unit,

in bacﬁgmﬁﬁpéwmﬁﬁﬂgﬁyﬁﬁéﬁgsEBH@EWﬁ@WF ﬁWﬁB”@?é? fiegdaetisfiect to the I|qU|d

via tuligog3gl unReey %mes{éﬁx d?%bﬂc iyt coh@inGH$ b/ FaRYo lQﬂvntx erfrRtt @ prdedsSor
There can be a structure routs these tubes to keep themfrombeing in

t he waynit asfiescibed dione ﬁ@eelz@ﬁlswé% RHERPig agfipiq Hhrouglbe fule (ers'acwéglph AYisEsPeat es

that keggrdnlie @h@l@&lﬁg @&950(? @§d’esé¥ﬂ>@d B&LiR) 4nQ 2WBR dathbRe AP WIRI IV, Caps trays,
pl ates and racks can all be color coated to help the user 30identify the

0025ecﬂﬂ%ﬁ@§*¥@ﬁ“ﬁ?ﬁﬁmﬁﬁﬁﬁéﬁﬁ€¥§d§&ﬁﬂ5@meﬂﬁﬁh@PWsﬁﬂQP@r“@HB%%”H@H”EE

addi ti gnal dliukxqudnq vtaete qlsbdlgl REYIIRREH diHorSRRSMrSlosH8), d tBuch@bdd dnil/of he
correct queuing o he nmeasurenment such as val ves, tubing | oops, .additi onal

swi t chbypng &r ws@ract@e &ith fhelewicqraye HInedse Hastererr i tanke éwrastg gpesph £ HHEI p t he

user u %%&F u%%'? Ly £ BbW&crd2hE a biblkhp REhBEERBIY batttREoRBIGPly IWBAse
i ncl ude automati on eFectronlcs to control the system i ncludi hg notor

cont r oPoWerds inipErupiad apbaeAsACCHOR BrAdiopRit! ’érdl?F"m‘f’é thhe bagtsry RANSBSFRPLY @P@m%lzfl@hom

a 5b thds&ﬂe% T8N Gst oORGicE RPbitati Bt 1RAnAheAindid WS8R & KB ncl udi ng a
di splay 8411, printer 8413, processor 8401 (including sensor or sensor

cartrlﬂﬁéwumen waste containers are included 8425 for storing nmeasured |V

wast e, I[I S Oﬂlrsgﬁle CARLBhNEY ffid 'E:arl B¢ K‘@&ﬁ@ed‘ ifto 3h Wﬁﬂ@%e&%@m ifbRt hott via
fl ushi ng so ce , rinsant) 8427. FIGS. 85A and 85 hom1front and back
Vi ews, upes pisesits, V@ |pys 1rggfa syringe connected to the waste input port, or pushing on a bag to drive out

residual fluid. Such a device may include sensing flow through the IV waste channel as well as identity
35  and concentration so that total drug dose wasted or tested for diversion can be calculated and documented.
After each measurement, user may need to rinse the IV waste input port and detection channel to insure

proper measurement of subsequent samples.
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WO 2012/ 034084PCT/ US2011/ 051098 anot her variation of an IV waste system
i ncluding three waste containers, a source of IV waste (IV bag) and a
housi ng wbdbrxp3udse sensor cartridge, printer and el ect POmMIUS011O5HIS

controller/processor)..[.000344].The sensing el enents,of the |V waste workin
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5either of the both above §0|;|f id%rati onﬁ i L can, have Y ca}!ari tha‘%i RPwaste
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illustrates one variation of a sem -di sposable cartridge, including a

cal i br SHOPESME S3PRIES8603. 101 n these figure, the cartridge includes a

cyli nd{d(ﬂaahl]nvumy STaSdySems, cniagly it TVokastel syiitemsyasscitad Seraindndyelsplimtdel i n

contact with the sensor. The cylindrical unt rra{r\g}tself resid

a
chanbeputmated Hismeoh His §es ek and Othsr CHBPONSHR DT e eI tsHRE i FO5 FXab nt\pgblgn and
eXPPS Ethaf 1@mai RO MIREIV Wiktd iRput Pt StkshsaB chenngl aftet fhe tdiplay Sheify shdivensiom Fl G
85A. Thus FI G 88 shows one varjati.on of a f@résrhgg% i ncl udi ng a sensor;
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ent

hol der for the sensor cartridge 8901, a.displa 907 fqr pre i n
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t Obt hedﬂﬁﬁahﬂfrdiﬁ‘ht%r-ri]lem@r ng(fﬁx&ﬁ_ @lﬁchgi@éﬂSW(SW&t)ldbb(frﬁﬂe|iteW?thﬁr 1€ (0.9% herdabsalime)t hi s
sub-system _or they may be included . in the rest of the inunjt.(e.g.,
Feber Hhe feviss mey RovE a0p e G Fingsis B APmP kol (b Py 85K LS LE e d
her ei np@gp, bethe padiivelphesQi@of wlg e eindadiy TR SreRdvoiyabbe thpddviced t o any of
t he ot ﬁer enbodi nents (e. described in the different sectioEs of, the

docunmef9034%he VéPi“&M%"aéié‘g‘fq‘%W?e‘Bége#qcb’éﬁﬁ: YR VA oS 2 PR AP HESYHEE and

titles for@eGoWet @aHBHioh Afd ARMAEBH E5HESIsaRd PumBNE! EfNeAingil, FEE. 184 skows[tR0346] | n
sonme variations, the systens nay have, a syst p{ymg%t ecth)re t hat incbudes a

r enpt e destiaasiopeandions Gushispent spuresihThe gesigapEovs igg arifloggmoyngngandtoe
SY58 €MBquill YalRal g S Ye16v2 R theide,; dtc. CRAEEAUAICAE §/stéintchn hdvd e pridpip bdatidk ko nformay
have its own server, or the sane server may be ,%Jﬂs?gd for multiple.

appl i cardgieg a hardeorwef e achuity/statuseqt the sy g £ sneptignisd hpyedhy Yiem AV dnsiige 240 g

may pr QaphidespbB8RstR6CArRlde)and AitditS i TR uskbAP aBRE and MEhtati thgcaREidg i alis
dat abases. variatlons the servers are confi lge accessed by

I'n sone .ne, ur to
a web byidsnedule)jand therewyould hea tefing infegfagetan syangss{hags ap %1?21%%&0615 SHEFAL Wist em
30ar chizf£ahdel 8n the AOR3S ARk RAhOR @t dfiteny aThiO WSk BRI desitwe b];ﬁﬁlalher ein
rent
C

may be configured in a variety of differen s, and, use, di

s e§§ or §t?tuFF”@L%339 1The|liqui§§vpgﬂyeagld§¥?§te SRt ?38%8%%‘?? oﬁ%ﬂ“{gaé% thg l”@‘t’f‘%La > system
of det ggigivRl RGWHBR c6PRPIeRI ThO§sef can Ednrbdd oMt Ghuidray tibigpnpibeé Goinnmhenhan e or

in part (or with nodificatjon)_as discussed ahove. ggis exanpl e i s . ntended
to il Yk AUEOREHPSBRE SaRings; Shree %ﬁﬂif REraEes Bkt %eéP‘?eBé"S‘Peﬁ%Fhé’i“rfm%y be
i nter C@Eﬁﬂ?ﬁttﬁgwa)[. OQ3483iMry caafbe ilRl18Yia lspothl fhelstni/beslatbeth&ikiepthy salcindde a

| 1brar )e/:as(})/ ancli< Qa?m u(s:e(? n’ng %Brgt;lir?er;ss, caps trays, plates and racks can all be color coated to help the user

30  identify the correct material. The containers can be round or square. There can be additional liquid
handling equipment and sensors used to facility the correct queuing of the measurement such as valves,
tubing loops, additional switching valves, etc. There may also be a liquid level system to help the user
understand when the containers are full or empty. The design may include automation electronics to
control the system including motor control, relays and common automation equipment.

35 [000343]  FIG. 84 shows a simplified drawing of one configuration of an IV waste system including a
display 8411, printer 8413, processor 8401 (including sensor or sensor cartridge). Two waste containers

are included 8425 for storing measured IV waste, and a source container for IV waste is also shown 8426,

as is flushing source (e.g., rinsant) 8427. FIGS. 85A and 85B show front and back views, respectively, of
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(including drug identity, dillutent, and concentration). These libraries
may be generated a priori or on the fly, specific to a particular setup.
For exanpwe,om/symstem nay all ow a user to build a |ibrargrapseaitfofmot o WO
2012/ 034084PCT/.US2011/,051098 t hat, system Thus, .the syste b

cont 1 QaRtE T IPT a1V JGEP St ARG B OO ASORE PSP GY &R own
corrgOShﬁd d)lﬁtﬁlsih%)h(d@ihgmﬁké]ﬁpﬂd:ablﬁ(ﬁg,re%llirkltwwru é1§cir61§le§[’(gj(’%gg(zfrgr'bilér}'padceﬁ&y later be
used to | ti a conposition of a solution. sope variatjons a
syst J‘?%@?@mﬁ%ﬂ U ensits o e Tineste watking madylRrras by %’PB@H %&ynss@a&e

exan ngfimbieiple eRedusdn®n® wilthbhtednédiafLRRAIBEREs. & chi EIndiktof @le s6R6I RBagmglid brary.
In sone, var] atjons a dedi cated system rraé be u§ed to _rapr(;ﬂ y Create a

| i b ar §ithenp! g bothgboye Frofisugnathcan paye asplibpiion cleeregicsdastalied atargifels one

Syst emcéie@éFBh®oorh FIBGRIE Yirddt thed QA ofiledids tHe@kit bisiRedbrion thdioddfe. tM&ngy St ems
descri bed herein. The system shown in FIG 92 and in additjonal detail in
FI GS. YRtionsihg SRYIRERIGMERES asg femgvadte: SEnSAMBlegbDEnisy MRGPCQRITEI AN 4 18R s

(e. 9., dBpRYUBle taitrigsERttRdt afl@lar bppropiafelntanb&IEuas the ek dgt Ratmomy b Rpladeed a 10
robotic_arm 9203; fluid nmay be added fr%mheaabo e Jntgi eact?, sensor 2g@rrber.

I n gen&fQa- 86-3 {1hakaies ophyarielipsofr® SHBI-eRosA s rBEecainf PeiPehta lbz?gmr‘a%gdc 3the
sang S@ihesk iges] BNcd@iag: Randds @ eliaidiyal dentHdiEn IBQUEL WhiclafMeld Ry pas ald deor t he
sensor) the library may be transferrabl e bet_vveef:n %ltferené sw)@tens. Thus,
mul t i pPESsTERSAMachh Lo prnyorpEhafytiedrisel maupt Rkl Faside & 2 UAREHMF%ih%ns and
conpo ts :bédn@ﬁ?rﬁ at"_éitﬁwteﬁ@ Bstaé ay_lina:ii[aﬁﬂ&a& f@%eﬁ&nd’@@b&d& rf@ct_oa;teewt A (&, in th s§BI(e.g., in

vari ati ons e system nmy inc ow sensor, either as a separ

sensor hegystymioyh e ??%-OTWJ&J&%{B’}OPV;&HE‘“eVaé‘ﬁ‘é‘me%‘HWe inclidige s o HG.

il ugt 8a§lﬁ>ﬁifsiaﬁzrﬁgﬁsspag)eap Tﬁfhd_oﬂﬁé\?‘an%e(&@&ﬁgk] fl‘{w SV@lkdtmtpbftfbnlﬁfﬂwmas&det?ﬁlﬂ ui d
ca e, sure a built- "hot -wire" ow nete r flow sensor. In sone
val? at i l,ngtah@ﬂeéé%%%ﬂ 086%??53@&0%6%&5? SePSOr FTiges é‘%ﬁ&%ﬁ%&%@? ure

det gct PreSenti B&)rmd Iakoacba_dherlwl uid gaw&gggemahd at@nectioh ecabliey BOY te %ﬁi_ntuhiﬁ. fIO\C/iv
to be neasured. a sinple €e.0 eration, the centra s heate
by pas gﬁ%‘o&eﬁ?“( é’ff‘?ortcﬂ‘?tB)HQ‘H“?%rE@%dﬁcd“‘{ﬁggi ‘ggéﬂbgs‘ﬂi“f PPy é‘tc\llzbléié n,§ ?té?gm
and dowesidicain (REDrdfs toE@s85&d. This resistance difference reflects
tenperg(’gotbrg di fference between upstream and downstream RTDs, which is close
to 0 i FHYORE lapskrerererany obihe Tepars deteplhied herel asdelpyant 19 @t o Rl EPRAdIMGESm t he

cepd I analbHagplicdlafy I tBOQHACRMBOAIRVRE (.o HescHBNINA tHc@BrERT Rcadid of he
tenperature difference neasured electronically throug{h resi,stance change

bet weeAOYBGREt FReaiticli deosistpisesrbsdnineindineseqtign headungs pd thles afgigensed fr o, The
RTD t eppfembdeenlyypi cal |y exceeds the anbient tenperature by several
degrees Cel sius and does not affect the tenperature of fluid flow ng over
t he se I&i gni fi cant way. More sophisticated schenes of

neasur eanLe61c anmabse varfiibis) the 3R6ms Y Bawr Hash aRfitdcRire BatiRluddd 4 RrARENDNEL er
flow detector nmay include a thin film hot wire anenpneter as shown in the

deti | sqrrer ptevhigh clienhsystemg (chpgk susterah &Y deiyssysienss IY wasts eiimp¥tcappl yi ng a

30very cshmhdicAA Wi tE0f a%}ﬁ@étioﬁ?na? RS/ eRRIbWh sérferorftheding bdrRaMag Beludell 3P t he
change of tenperature of a downstream sensor, the flow rate can be

det er minyliple angliqationgs Thegeagr manfegeiys fepqrivdion) the ¢licntsysteps. gndmayrpyuiothem one

upst r ea@ R8¢ 10 BesidOMIHats 3aMIRind GpiaE Midvaies NRAbRE vAaB6R thelddhrssfNsor may be
used in a differential confi guratl on to i nprove sensitivity and stability.

It al seomiigured febecsgeatst by & yebProwseplptiory FliFedYilluetates ane wriaideof sych g systene
desp gnshewad N FIG 94 is for a thin fil manenoneter produced by netal
35deposition and lithography. It includes a set of 3 traces with dinensions
of | mrl909847]1 10Apmeationeds Ehewiprdeus systans deseribedehercin may bepoaligireddip anariety dfhese

di "ensy@RRNAY ssa%ﬁlehrfsa?hs@&ﬁergﬁ%&gﬂ@.qq@pﬂfiilastliaaas &etsg&naﬁ@wn%réﬂh&%%g _

above. FIG 951 rates a |i1thographical produced flow sensor as j ust

descr i pystem of determining the composition of a fluid which may be applied in whole or in part (or with
modification) as discussed above. This example is intended to illustrate how some variations of the
35  systems described herein may be interconnected.
[000348]  May of the systems described herein may include a library of known compositions
(including drug identity, dillutent, and concentration). These libraries may be generated a priori or on the

fly, specific to a particular setup. For example, a system may allow a user to build a library specific to
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WO 2012/ 034084PCT/ US2011/ 051098 [ 000353] A hot wire anenoneter such as that
shown above nay be used to neasure fluid flow (see, e.g., H Bruun,
Hot-wire woenmmuosy princi pl es and si gnal anal ysis. C)(fPGrrdISlzmllmemssty
Press, USA, In addition to or, alternativel e W res
traces hétrséfs%?)al F‘gbﬁhgsysfeﬁ’emﬁ Bsoplaguredita a ‘ﬁé)ﬁ”’wer HOE“%W%@ Cﬁ?@%&fotgs?‘r%iug Ur e
changeeielknbWe cdhpokitiorsite determigeabekitg/kionnt Yinganphings” thve by &eep &€ udey toaflentifien
fluid. The 5basjc ldea of the hot-wire technique for the sinultaneous
neasur&‘%?é‘ﬁ’ts‘t‘?)‘?o'{arf@lf‘?'bw and the properties of fluid is that the usual
cal [ br FI00849] basﬁdoxﬁ@vdﬂaﬂ@hs% shauh GaRdBe moduRndeddé eitawhick kl(ib»\m’s@mﬁdsﬁsyna@s uch
concentrati on) &go that the ' ﬁ)al i brati onéﬁons ants"

caI br g‘i ORI FRACPEAE 2 §Praph UPPlemelf AJPPE5L Pt SPrreAe BN dBFme Y af‘atf%é?e are two
Wi res adtidatedystenf iy FERRSIHOQHRALY Sreatt Mbﬁ@l fobiisaby oMer systerhd. a8 exafnple, MG, 8

dependence of the fluid ert |s fferent e esent L n Ki.n

for ealWstigigsgne SVﬁ@mé?/%’ie%tEr?g rapy @ kN ﬁllftjgs ‘ﬁﬁgftFBngfrﬂ?feSHStg% bsgi%?j for
t Wwo  UnkROWEm shéWiEin\Fed BQiahy madadltlbllﬂﬂ déthillinF1$. OPRFIBY inéliides bindra OF seheey
determ.ned by the wires i

i ntation and Si L to se.ratio qf ,the
oasur B et SR ChpRBErt (DRt B CBER bR G S ATk e tpeqain
st I@)ngmbo@dwarhmox HRIdTRdy eQaeiadionyatioye @ifo dabiesefiox t:lufrﬂ)erar]ﬁl getnlams ahlfonglsthasi ti ve
functions a dru a aturel and }(lzoncentratl an. &R&r Eﬂrgoach Iéuyas been
devel off&e" filrde‘t'i H@YS& ifteient iy 19ae Fdheame pensqridggn %bepajmu alxy/ 143 pr obes
for nmeasluhitérgl ﬁﬁkl@@bﬁsyr) arednbﬂa&ﬁmyamwnafenm betwdee kifferanadysteiits. thus, @siltipleAl AA
Journal, vol B (& 978, 1970 53900354 Thus any of the
systenﬁ‘eﬁsﬂﬁ“ﬁ%mm@é eﬂ‘é@c |dbf£p&e"ﬁg?“glc?f’°ﬁ’ﬁ?tl 15289 PS5 HE Sone or rmore sensors
for measuring flow For exanple, a flow detector may be incorporated into a
corrrmnF&mﬁubrsassenbl y. The sensor assenbly in this exanple includes
er ectrodes. th formthe el ect ical adm.tta sensors..and t
PP by nﬁq%gﬁ%lzomwg%@mﬁba&% i OB VRO %%am"éag iy @éﬁ%%ssnsaha'ﬂg%%ns
descrl bparatRenser, oﬂfhfé@ﬂ’ateﬁmdb fhie GakitRAG, sp@pPicopyBdch DRSS amehamdeslaﬁ 186l @ne
conterrfl ated. For exan‘F ot her_ el ectrode mat(?é}irg{)s i.n¢l udi ng, net al

eut ect 1Q935L) | ol voliys, t‘f‘rﬂ%‘é"fﬁﬁtﬂélﬂg‘ PR BRPERSHE uitdh, E‘E"ir?/gﬂo&'?’ﬁtgr

met al s by lsbhsbBbbAL | Wﬁ?ﬂltl@ﬁ(d e sér@éﬁ%ﬁpnde@@hfeta@ﬁﬁhﬁﬁeﬁl&dﬂﬁ 1en€-ﬂ3ﬁtﬂr@&tdc‘§brﬁ0t ive
el ectrodes, etc. be used to for m Oge sensor arl t| ons the

adni t t §hH) §B&"@t“t‘36t§% 6*}99 oherlenedbedirerigp Qb dhedlo/p B% @aaw'fegﬁp £ISURP of

I N3l abpddgtioh AHEEchiralAAD Isﬂu@d%édﬂay%ﬁ&ﬂ%c‘cbfré}ﬁ aRfish &l a6 thvERS dnfﬁéy‘erbEbéiQ&ar ated
fromfluid by sem -perneabl e nenbr The sf?Frface

admi t t 4piEEare a@&w&g@aﬁﬁ@ BOPPRs %‘E}é EsispRRE 1 fRsTss f?%‘ﬁﬁve%%%rﬁ‘%é‘m

nodi fi ggtwedn @&v&mcaah Hwaﬁﬁgdnﬁ RE€Ds, Whikh €480 € in tﬁ@lms&rtcaef:@ova peiRhfiesdopy
el ectrode surfaces be physi cal :r%/?frmdl fie cromachin

nano- | PEFEGMed FF?“Sf“étfré’m theyceaBRR b MQF RIAROunge éo he davpsty e%@@ﬁﬁﬁ%@S py
el ect r eafSrafiyditfad e nasupéd dI&fr@m@HllS'ftlﬂ‘f)@ﬂtresm% d:h@h@ betvebinBovaistréii ddar eas of

t he sanme el ectrode. 30[ 000356 sone vari ations udes
sefsor BTER R D %"s’]’"ﬁﬁ%lhieﬁl% 9 Pnghe %&é?mpfﬁﬁ‘é@ R q'm%?ea nh Cti‘?ﬂ"‘rent for

i nter f agipagnid Eyfkeaaalaiugx@émenmsamﬂee nbtQSEE the@smpRatard LMW Bowingaddtie Syst em
A sensor el enent be encl oserﬁ%ll n or %éepoged to a fluid co‘wéal ner in

whi ch SN ARSI §’§‘HIW Meygisgphistifiated-seherers ohmeashiems AR alEn & Wil ane on one
or oI oYL tges@% s @M"athhﬁwg@-&eﬁl@m@t@lt Bdw adikid infa§ dlcURle b HiPfil) otfWikdl d.

Addi tional |y, contain additional materials tg?t Wi | g,“&a

sel ect PRRBIOFiCHH §i}ihBW§ ﬁ@&? #qt%,ﬂ i 8 drnthis exgpgls AheSERFaF measures 1o vy bY 3R

LT gt d)er§ smSREhGUAELS HRE af &@%mﬁm&m@h&ﬂaﬁd 1¥8ch el cﬂ!irfge bfteip@atiielofam Bot h
the contained fluid conposition and the sem -perneabl e nenbrane can be

desi gnéewisgeam sppdahe Bove eats San g d?t?rntﬂr?é &y HB‘étr"cS?d Hedft @m mete! thapesfoRfi | pe
absor bed;istoMa bR ipatdaml dAa bnEdvwaktrdahof ftHeLUeﬁ*ra\I\héalted b@ced etheckmdr Ry RdiRed hance

spectroscop r any other applicable techniq
2012/ oéxf@swé@w@gz@m o5mptese fstgtyAnd Pﬁ%b%rrét ?\%Zrh?%ﬁhF gapability of measyringthe nent

desi gn 4fFBYioh Brcthéld&u aTHiH%Ies@xﬁ s@b&% Penbs &H‘éﬂfthimﬁlxﬁ‘é@é’mdxﬁwer $RIAGRE b he@ENt S
such as gl ass fibers, fibers, etc., that wl] gorb and hol d. t he

cob it | GFposiGonecIRagEhy. nIt FS s sl G o frapds oo HRRSIORS Tttt Englg HBYEAGE gidth,
cont ai NORRLrakbQo-tRE clRAARE € TRSe Wilehsi@f aRI @M bdd @si@iairtd Fiditto the sensors

discussed above. FIG. 95 illustrates a lithographically produced flow sensor as just described.
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5[ 000358] The systens descri bed herein nmay be operated at neasurenent ranges
outside that normally used. In particular, |ower frequencies (in the mliHz
range) arwoderusidsed above; in addition, higher and | owmecTapspéiiesiossl t ages,
hi gher wer, fre uenci es_of ad |t|on
reasur SRS Fay el B ERTRR R 2 bR Heaieaf g oo (RS g A

measur eget Bﬂfun &dbﬂ\ilﬁeaﬁﬁﬁ)r@dn@Vﬁlmipleapﬁﬂ sugﬂl qmtyamt(hdd»rd @fmv@rsBy/PreaEhUSAnay

i ncl ud asur nts onpl ex
i '+ S P 5 AR B s rengtiiaces ke A AR P B BT ot
measur enapbé ssed Ruhasidte mmﬂgs ifi the flriakarmelrenductidty aadi/smebecapmeyl of thmﬂmd» nEhe

var atl ons. t a adm ttance neasure nt
4o b e B ol Rite Baaight S in M RS RoRRRTRH TR oW b8 RIS - |
us ed. Tlbidds tnarthdwaus calibvaioh aged on Kingl lavochn bk egeralediiota fondypropeatyi(suoh hsdryg t 0 t he

nmeasur ement nensi onal i, to t e dat.a for sed bility to
di sti n&?ﬂcgrﬁrah?'ﬂdgg’aﬁtgf %@glg%@]“éf)%%at“ é%comf égarraé |%)urr1’°té°na°hﬁean| g Rdy al so be
used aacpadihglefif thbre amyted evinessaneilabid ﬂoodsasd:emems lm&dcafhlbraeomfun&@ns éo«awhxﬂhe pre
and post se sor cl. r ot oc ne sol v se | asma
cl eani ﬁ"g"e elnﬁenqj yﬁ%‘gpm%eétd s ?ﬁlgﬁ%i T RS |%c))'rr1ISKI %%Wg{c’)un SVaT lr%grélnog Mati ons
[ 00D 36Bjinkyd eq«)fttnohhﬁersmtbe m:lvazliefscﬂvuobmkholms eitlr velotitymt tig ﬂumprbmeam ®éth the

t t t d t t t d
o uent R AP & Pyseb M B RO R YBR P b aq Lo PASEER MR T1Y e
si npl e e gadibrgion cfuefﬁ:c;estsam(mggs l:xvatieplancastrpagly en the (ﬂferrtlzﬂeombcthte)of themintttre aick
spectrgscopy |nt rec rdedtoallb f 1.Ltance
spect r JUE B Fert{ulF Pk U9 SC R} bk SRETER ok Bnrh s Mep fabrn B el
patt er fis tlargas tnlneurse(nfg,, Pt Ihbb}cmdﬁo%fajz, “Hnt-wfre prhaslforqnnadarmgmelb@tyalflcﬂl rmatively
identified. e conpl ex, | t ance tern t ek d as descri bed
he §e1I nconﬁgntﬁ‘ orb'g%e{' et ureﬁué% E'e(?sumaari(yo *p11°u$ zg’ﬁdt%?) 018”}(?95 er ent
el ectr {IMEB54]ar eThBang of he sBtdns ahd)detvlites dpatbiel hareia arpake iickidé onetdneokd qui d,

i ncludin ng e identlg?\; oncen rat %ntd di | uent 62 11péattern recognl tion
b ovi deenaprs BeatrPsiee St FEIFANS AsPHSHosr PaeRapiamaty PRa COMSBETTon o

t he solasgémmp Th@ﬁﬁéﬂ)ﬁés]s&’ﬂily Ell’tl‘ils et iintludes pateinet] blectprdecibsiforaf thereitatidahg t he
pattern{i a test thnﬁ a known library of signals, has proven
difficé T‘“&W&S%%F‘? \i %Iwmﬁerl east because of the [arge nunber of

3020 menE0385] (OfntaﬁﬂfxtlaﬁtoﬁWaﬂﬁleﬁ&)seﬁb@}s|a&@§}€de desctigddiabovieyothdd niddificsiognal s
recorded,. and sl |r8ht variations in (“F conc ons, of sol ut i ons bei ng
d 8 dr s

| oot eq el ns anddbiks ikt S it Jor PAmBROoh sl aR e Ra B st Sean 0 o

expand efitb@lcgml@@ta og$ @etlls Alquidynedls, chilubtive loRidys, ﬁl‘etaISWﬁMnsSllagﬁ@d)ﬁde m)m
greater aof known

ingerprints, t keI a. match w be
O ent | et echoteg cherm s POV elcc gt Ble sk by et 4 it Seen oy I BPE bt ac
t hat V\/ﬂiﬂadm&iah@WpédﬂﬁsclSMEél&fﬂﬂoﬂ@ By b Képfatkeyl froai M By fmaﬂzttlﬁg wafseo_(dmﬁmce t ance f
rprint to | lmﬂttan W t.hin ro neso
B0 8 ST S S Ty BT PR EA PO M ERSHRR TR RoE P aTyT o
f l nger pf thekdmivthiicd Opectr6sespyieldct@ded BeserilRd herditngdy.be Thdusically afodifled opﬁ{ybxea’lly
es are descri bed e f| cati on of

t h [ d
B s T T K Al

Syst emufidteacMi@iy, hdne-litlidgraplyy e@0 EsonRtvaiiAliohd) G admit@x@Gpeciradcopy: clécttbdds @tay

t hese %echni gues gﬁt}/ al | ow.ragi d gattern r(gfcognl tlg f even hi gh-di nensi on
dat asel®Ved¥0 eonicditerspinetetiald i tya PLmprg ateas of fheramp elgetrodg o o4 chi ng

r ead - t {00BB SERNNRIsoib RhriatioRs), ﬂfe@@fenbmclp@ess&.@bﬁlmfue@fgmnmmaungydamp@ua exact
match. 5 000362 As applied to tomated identification of dru a%s and
f 1 ui dsand Hyd ‘E‘é’i‘%m?f‘é‘&g’g Hiterfasing Wl aﬁél&%rmtfcrf@ﬂ?lﬁéoa?%w HaruPrated e ARy S&Sé%o% and

ei t her sé’r@&@l&ﬂeﬂﬁn%%%seﬂ qfe&telxpaée&tro adlusPdoidinB@in tWheehigd@B af Mis@M@. This can
concentratl on of dru d on the categ

$¥gg ‘class” of t pat ertg
| deal | jieldpa seygemEblial TR Y GneLT ere B 1 Bleadhi 7 Bty gw@ﬁise‘aﬁam of
near |y flufas Qo e Usé Juig hd§ Sodtdih B@l%ﬁl&@z&er@@sttﬁat Rals &tbcvelypabssro vhR e
ex%aoted fr mthe patferns regis ered i n the prior sets of ne surenents
or M2t ]ﬁ OR separate uid (gas or liquid) stream and/ or react with specific materials in the stream.
Both the contained fluid composition and the semi-permeable membrane can be designed to provide
selectivity in the types of materials that will be absorbed. Materials that enter the fluid will be detected

by admittance spectroscopy or any other applicable technique.
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10known conpounds and conpositions (the library). Such a system nmay be
referred to as a performng pattern matching system although patterns in
t he vari auezapzr,(m&sati ons described herein are not rigi dpgTaseaifoswds due in

art t variability in conposjtion o
g ensor de(QQ g@n S0 SB'i“‘F y %rlagﬂ’bseg Se“VéFFﬁ‘Sﬁ‘tldleT‘? iR ‘B?l}é‘sc]tar%%{ gabﬁ%g%dﬁﬂaee Fial oyey
ot her HRGEBbSIdNGLWHENG glasyftRFsapalyrter fbAO0EE,3haT hall asorplaskhdldnii sélatimeo bat a

descri bed for the tens ereln re typic 15syntactic (or

St uct (R GoaeSnTaate s B alrie e BT SanEt R Bt Vol FaiSshebes as
Opp056‘dvdrﬂo\$tatl stical patterns generated by probabilistic systems The
classificatjon or description schene therefore is based on tructural
int%rrL(}QQS%%}ls hi BresY¥pm$ deserihed bergip 212y B8 gPeraieq 4 Seasy IRt rages ‘ﬁg%‘r@?{ent s. The

dat a i fordaBPuRa. Q%@d’ﬂ?&\&rQBwéﬂﬂehhéﬁafés @ the aﬁhmﬁ_mahgegiammnmabo@amd&ems,
whi ch dj rren5|ons ar?ﬁﬂpartla correl ated n.be su ject to r duction

to fewdighganthinysnaph °t WSEOV%‘?rﬁ‘ﬁﬂ‘i‘ePS’/‘F%ﬁeé%‘iaE?ﬂ S BHLe reduci ng
stor ageddimyine&mﬁm,m@% idBhe 19 ai EledticShentical Feg ) IFOPEdamblR, rﬂkﬂsfﬁmﬁlemﬁsi onal

space. [000364] Al t hough, an attern.rec ition techni

sui t abPEMiftgRce RS AR RS BQtX‘EIFﬁ%l" %Q’;uﬁ& fﬁfg(d““é‘b‘{?ﬁ‘ i %Jgel“ﬁf‘ﬁj‘é"“b?f‘ﬁg& sl
dat@s eMeaayeMtstwe@lnmeManﬁmcesm}t ot DImdasleethént bt thahcmaePoBE ti on of a
liquid by inmttance spe descri bed her ener al. es of
patter M° %laé‘li’?fé'?f MERBHeE- %B’é%f‘?%gé Oﬁg}e@ﬁ“FFmeBta‘P‘iyeaﬁﬁ?%élé%o r[f? I oo aWi}“’ﬁ ur al

2 et \ANgr Kﬁelrﬁl’éﬂtopﬂateE@ﬁdirgggfgggl@?shteﬂﬁnﬂlﬁt}f@pﬁddm plhgs Farrpme aﬂ;(d e §. ts Ir\]/slts Avielt hgd
Tt ho VBB Bl SyH ey DF pULL Tt Ay beteat g BB e R BePT Rt cs:
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results are presented in the Table 1 helow. Table 1. Error ia g in %as a
funct i dPOB01b4 nBattegn recognition, or the process of matching the patterns ‘of a test signal and a known

library of signals, has proven difficult and complicated, at least because of the large number of

30  dimensions (often as many as 60) collected, variability in the signals recorded, and slight variations in the
concentrations of solutions being tested compared to the known standards in the library. Once solution is
to expand the extent and granularity of the library of known signals; the greater the number of known
fingerprints, the more likely a match will be identified. Alternatively, it may be possible to use one or
more methods that would allow the system to accurately match a test complex immittance fingerprint to a

35  library of complex immittance within various ranges of accuracy that permits identification and
extrapolation from library fingerprints without requiring an exact match. Thus, various pattern

recognition techniques are described below that may allow identification of compositions of solutions

-58 -



Noi se, % DOP FUR MD SAL VEC2 0 0 0 00 4 00 0.1 (VEC) 0 0 6 0 0.3 (SAL)
2.2 (VEQ) 0
WO 2012/034084 PCT/US2011/051098

tested by the system even when the library does not include an exact match. Further, these techniques
may allow rapid pattern recognition of even high-dimension datasets of complex immittance data in a
rapid (i.e., approaching real-time) manner that would not be possible even when identifying an exact
match.

5 [000362]  As applied to automated identification of drugs and IV fluids, “pattern recognition” is
measuring the raw data from the sensor and either reporting unknown identity or displaying the identity
and concentration of drug based on the category or “class” of the pattern. Ideally, the systems would
apply a pattern recognition system capable of nearly instantaneously classifying sensor data based on a
knowledge extracted from the patterns registered in the prior sets of measurements performed on the

10 known compounds and compositions (the library). Such a system may be referred to as a performing
pattern matching system, although patterns in the various applications described herein are not rigidly
specified, due in part to inherent variability in composition of the IV fluids, the sensor-to-sensor
differences, variability in electronic parameters and other factors including temperature.

[000363]  The complex immittance data described for the systems herein are typical examples of

15  syntactic (or structural) patterns, where the data is produced by a controlled process as opposed to
statistical patterns generated by probabilistic systems. The classification or description scheme therefore
is based on the structural interrelationships of features observed in the course of measurements. The data
is also an example of multivariate or multidimensional data sets, which dimensions are partially
correlated and can be subject to reduction to fewer orthogonal dimensions thus simplifying calculations

20  and reducing storage requirements, defining points in an appropriate multidimensional space.

[000364]  Although any appropriate pattern recognition technique suitable for comparing (or
simplifying and comparing) large dimensional dataset may be used with the systems for identifying the
composition of a liquid by immittance spectroscopy described herein, two general types of pattern
recognition are described herein: pattern recognition by neural networks and pattern recognition by

25  principle component analysis.

Method 1: Neural networks

[000365]  In general, the neural networking methods used in the prototype systems illustrated below
may match the experimental test patterns against a library of known patterns by training the network
using the library. In general this method may preserve all of the dimensions of the dataset.

30 [000366]  For example, EasyNN-plus software package was chosen as a platform for testing the
applicability of the neural network algorithms to IV fluid pattern recognition. Five (5) experimental
sensor traces for each of five (5) different IV fluids were formatted and placed on an EasyNN Grid — an
input facility. The neural network input and output layers were created to match the grid input and output
columns. Hidden layers connecting to the input and output layers were then “grown” to hold the optimum

35  number of nodes semi-automatically.

[000367]  Once the neural networks learned the training data in the grid, data in the grid was used to

self-validate the network at the same time. Fluid data utilized in these tests were for the following IV
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[000369]  The noise was added to both X and Y component of the experimental traces as a percent of
the X and Y values by a standard random generator function that produced uniformly distributed noise in
the range 0 to % indicated in the first column of Table 1. Next to the percent error rate is indicated the

15  name of the formulation that was mistakenly identified.
[000370]  To provide a graphical representation of the noise amount added in the course of these
tests, the original patterns and the “randomized” patterns are shown on FIG. 96A. through 96D. The
EasyNN-plus software package demonstrated excellent noise rejection capabilities being able to
recognize correctly the pattern that were visually substantially blurred by noise. Specifically, FIG. 96A

20  shows patterns with artificial noise added for Vecuronium at 1mg/ml (VEC); FIG. 96B shows the patterns
with artificial noise added for Furocemide at 4mg/ml (FUR); FIG. 96C shows the patterns with artificial
noise added for Dopamine at 2mg/ml (DOP); and FIG. 96D shows the patterns with artificial noise added
for Midazolam at 0.5mg/ml (MID).
[000371]  The degree of the noise rejection is a direct reflection of the nature of neural network

25  algorithms as predominantly space-partitioning engines that attempt to classify any unknown pattern as a
member of one of the classes from the training set.
[000372]  Itis highly unlikely that the noise level of this magnitude will be ever encountered in the
real life application. Even at 2% noise level it would be useful if the algorithm would flag such pattern as

“unknown”. Most neural network packages (such as EasyNN-plus) do not easily identify patterns as
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[000376]  Principal component analysis (PCA) is a mathematical procedure for multivariate data
decomposition that that transforms a number of partially correlated vector variables into a smaller number
of uncorrelated vector variables called principal components. The multidimensional variables are
processed so that the first principal component accounts for as much of the variability in the data as
30  possible, and each succeeding component accounts for as much of the remaining variability as possible. It
is often found that the size of the principal components diminishes quickly with each succeeding
component and it is necessary to take into account only a few principle components to be able to account
for the most significant portion of the observed variation in the original multivariate data.
[000377]  The multivariate nature of the data coming out of the sensor reflects the method the data is
35  gathered. The natural way of collecting admittance spectra is in form of in-phase X and quadrate ¥
components of admittance as a function of frequency within frequency range. Since the admittance is an

analytical complex function of frequency, it immediately follows that X and Y components of complex
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described. It is clearly visible in FIG. 97 that individual PCA allows for a very good discrimination

between the patterns based on the discrepancy between the original data end the restored data. As more
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5 fluids to generate primary component space encompassing all five patterns. The BiPlot generated for
this dataset is shown FIG. 100 below (only first 3 primary components are shown). In primary component
space all patterns are points. All five individual measurements for each fluid are represented on this
15  BiPlot, but lay so close to each other that appear as single data marker. Variability within data for
individual fluids can be calculated and utilized as a measure of separation between different data classes.

Table 2. Various IV fluids in the common primary components’ space.

i Distance from DtoV
Drug | Variability o )
Origin ratio

DOP 0.0197 8.2251 416.9393
FUR 0.0256 10.7262 418.417
MID 0.1879 4.3774 23.2955
SAL 0.0746 5.8154 77.9876
VEC 0.048 7.2233 150.5039

[000388]  The coordinates of the center of mass for the individual class can be calculated as well as
20  the distances between the center of mass and the coordinate’s origin and between centers of masses of
individual classes. Dividing these distances by the variability of data within one of the classes provides a
proxy of a signal-to noise ratio in the primary components space. The variability, distances for the origin
and their ratios were calculated for the 5 IV fluid datasets listed earlier, please see Table 2 above.
[000389]  In some variations, the system may apply two steps to the drug recognition process: (1)
25  dimension reduction; and (2) regression analysis. An overview of the available computational methods

that may be applied to this method follows.

Dimension reduction

[000390]  Drug signatures collected by the exemplary systems described above are multivariate.
Each pattern could belong to 60, 120, 240 or even more dimensional spaces. Some of the variables could

30  be linear combinations of other variables. It may be beneficial to reduce the high dimensional data to
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4.3774 23.2955 SAL 0.0746 5.8154 77.9876 VEC 0.048 7.2233 150.5039
[ 000388] The coordi nates of the center of mass for the individual class can
be cal culwibedi2zzs4082]l | as 20t he di st ances bet ween the cemrcerusediLmanss and t he
coordi pate's origin and hetween centers of masses  of .indiyviduyal classes.
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second-order methods. Independent component analysis (ICA) is a higher-order method that seeks linear

projections, not necessarily orthogonal to each other, that are as nearly statistically independent as

possible. Statistical independence is a much stronger condition than uncorrelatdness. It depends on all the

15  higher-order statistics. Multi-unit objective functions. There are many different ways to specify objective
functions: Maximum likelihood and network entropy. This method specifies the likelihood of the noise-
free ICA model, and uses the maximum likelihood principle to estimate the parameters; Mutual
information and Kullback-Leibler divergence. It attempts to find the variables that minimize the mutual
information among the components; Non-linear cross-correlations; and Higher-order cumulant tensors.

20 One-unit objective functions may include: Negentropy, which tries to find the direction of maximum
negative entropy which is equivalent to finding the representation with minimum mutual information;
higher-order cumulants; and General contrast functions. Optimization algorithms may also be used and
include: Adaptive methods, which include the use of stochastic gradient-type algorithms; likelihood or
other multi-unit contrast functions are optimized using gradient ascent of the objective function; Batch-

25  mode (block) algorithms are much more computationally efficient than adaptive algorithms, and are more
desirable in many practical situations where there is no need for adaptation. The Fast ICA is such a batch-
mode algorithm using fixed-point iteration. Non-linear principal component analysis (NLPCA) is a
technique that introduces non-linearity in the objective function, but the resulting components are still
linear combinations of the original variables. Random projections method is a simple yet powerful

30  dimension reduction technique that uses random projection matrices to project the data into lower
dimensional spaces. It has been shown empirically that results with the random projection method are
comparable with results obtained with PCA, and take a fraction of the time PCA requires.

[000392]  Non-linear methods and extensions may also be used. The original variables in these

methods are replaced with the new variables according to non-linear transformation:

T
35 (xl, . ,xp) = f{Sl, -“,Sk)T »
[000393]  where fis an unknown real-valued p-component vector function. Non-linear techniques
include, but are not limited to: Non-linear independent component analysis; Principal curves;

Multidimensional scaling; and Topologically continuous maps. Topologically continuous maps include:
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and Topologlca 'y continuous maps. Topol ogically continuous maps incl ude:

WO 201 mdgaasd PorTeaggpitian ofpsvepgigferent drugs. Linear Regression Analysis has been used for drug
concentration calculation. Ordinary Least Squares technique was used to calculate parameters of fifth-

order polynomial approximation. This method was applied to the concentration curves of two different
drugs. The accuracy of concentration calculation was within 10%.

35 [000398]  Other dimension reduction techniques as well as regression methods, including those
mentioned above, such as Multivariate Adaptive Regression Splines (MARS), may be used to find the

most optimal approach to the drug recognition problem.
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pr obI erfP8A-D. If the system is presented w1th a drug that is not in the library the system produces an alert and

indicates that the drug could not be recognized.

ESTIMATION OF DRUG CONCENTRATION

[000405]  Patterns projected into multi-dimensional eigenvalue space define points in such space. A
35  setof patterns obtained at various drug concentrations define a set of points in the eigenvalue space that
can be treated as a “dilution” curve. All the available data on given drug dilution can be fit to a parametric

function of concentration or, for many practical cases, logarithm of concentration. For a new
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WO 2012/ 034084PCT/ US2011/ 051098 [ 000399] Exanpl es of the princi pal conponent
projections with the fitting by fifth-order polynomal curves are shown in
FIGS. 10MweDo(dasseski n) and FI G 102A-D (Heparin), in V\hwchrlushmmsmns:i pal

conponent is i ed,in capture un

concenfF&HI® B‘ﬁm(’? glﬁ‘f%fA%onﬁ%‘grﬁtm@ac i esﬂm%te‘%{g%rﬁ cféa\feevlloug@ Sured jala by

r ecogninirimizingelfistanas ford erasuedipaint onbe appexbatigoeirtdam has been trai ned to
recognl ze seven drugs - dopam ne, furosemi de ,hepari.n, insulin, mdazolam
sal i ne, é)nd(’iéerc’df)é ni Gra — ]’({5 erEor 2ty esHord®) Wﬁﬁ‘?lauf Ablo8()The

appl i ca ion._has a random.zation functionality injecting noise into the

dat aset"! ergfi‘sttﬂl frugsieeniaiion: S 5f8/¥ze the input data to test at what
ransiorr[om%@]n f A8 tQkpld YT tidadigorBlinh hpplis@rd tb@mﬁtﬂhﬁ@@ﬁﬂoﬁ&drveﬁw}are[lﬁé tevenwasf a
known drug. [000401] The,app |I(I,atl on has so.trained to cal cu# e the
concenﬁRpé?"i“B?‘Fe‘UPy%W“ﬂéu@‘é’er Palypomyal fin ‘65’ V’loﬁcon,&%“t?ﬂ%’s ghowgn ﬁi'b

S alrml |e 109 - Demeduﬁﬁﬂlepaﬁd éH kﬂleﬂi;?r ihb Gﬁlgloh\ﬁﬁrvéj WQT&)nstEdaﬁed 69 ﬂﬁﬁgﬂid{tﬁbf dth prlmar}r/]

cal cul ation procedure is invoked and the result is a t to. the
dr ug nawonmteralhmppmn&sﬂﬂtf’%ﬁ@g% r U Y aptien opt %ﬁﬁéﬁ %*fﬂqf'ttﬁ £ prggrn

r esul t goikiSih Bubitk thedRf lapyiddch @mds © 1§iﬂfﬁlﬂé&u’tl&>dr affiftherestdenit dith peihis accunely

000402] | n_addi t networks and Pri |
§<?ysrv TR orCRTPLIEE" 1ol Bi et Rt oot O ayier o B gl B R

appl i CBb!hQBﬁ)r@iftohemt/ad&ﬂxddSﬁa@Jdl thf conétfation Hiave dstppdedhhisacciascywé hboua 8- many
convent i ona fn lysis techn Ehat Jt%j clear could be applied to
r ecogni $ 10 §¥°eBEOBHF C%ﬁgr&fjo“p?ﬂ{e pfee VigigiBo Gé‘] W her exanpl e of drug

r ecogni@¢goan7usi Mdhd &dBrse ¥BApB g PRinsipdl b&dp&elﬁteahaysms tHeeRpbriviehial 4@ We haow and
hi gh ionic strength diluents, u5| n t he ‘T%’Wl oni ¢ strength el ﬁctrodes

descr i Beied hBiGyREIMAryCqmORe SR RSSO ?Sr(éo repabdlity 3Hge frt3-TAdY i gi t at ed

el ect r od@iPAttdsaidn ﬁﬁhthﬂh@sﬁsﬁﬁx 1§@16§>Q6 lu@éﬁ ¥R Ahduld becd 1ﬂd?efpexdieﬁttdrﬂﬂ6gdnﬁmo@e§sween
very low ionic strength liquids; Sterile \Water and D5W sho |n Fl GS.

104A affthisoamsbiliy.dge phwp! mypdehefitheseaopfluid dptergstiop ésraé‘r?ﬂ“‘&’éﬁ@ gireuzt

patter ﬂ%&m &ntped @ctmpbaém@bt BapR SOt R adsiseis. rmudzﬁwxpérﬁrﬁamaayp@cass from
100HZ to 1 taken with the low ionic-strength ( erdlgltated)

el ect r dfwysh migecly, pmpyicaluarort fay the ﬂﬁ@ﬁpqnglpg@hywa{ ‘ﬁo pad el ectrodes

(hi gh 61]@)'498]'2551“13&2%85 ﬁld%@méaq‘&sci)etenﬁﬂﬁlgltﬂel c@glpésﬁt\ﬁﬁ%ff a@fe@s%bmmsldescﬁbe%
106A-J. Fina e sanme_ sanpl e solutions were anal ;/wed usi ng, .cross-net al

el 8@t r bereis maa@@ srdatarhseiidar m&@quaMIwMﬂ% thoyght nqt plaictipdinaited temedical| | ¢ pe

above ghaiiiRnt STHBRAPIE a((rﬁliktfirfc@ H&ded, sl RerPHAR nlehRdEQRRIbeE A8 mah @ll@@b@lisefuh e
response clearly visible. ﬁ[ O]Ifromthe di lution curves of parin in

D5W anéPr Steasurgmeenygyrvatidatign pf key ingspdisatvan eqmpbxffuds fopraanyiepuring da S%mf‘dva&f“ilqnﬁ zed

In an ktselidsd deV@ibePRirdif Bl 9150 B QBT Ha%lﬂll? Mﬁértduﬁlﬁ%f)locfthérlf@tu%iuﬂ)o‘é&t from
the 30 nmeasurenment setup and recognizes ru the real time

Scr eens®¥¥89of While thgimetheds, deviges ardhwygiemn for ﬁ@m&m%mpowort e selyderaitings
pr esent &iihck Rpurbleg, ﬂab@-lt)eeh §es@1‘?l§ed'1xpso§rté‘%ie{ail lﬂ&@ oY Wt 6f ﬂii@ltaﬁ(m DO RLUAGRS s

alert and 1 ndicates that the ug could not be reco?nl zed
illustration and example is for purposes of clarity of understandmg only. It will be readily apparent to
those of ordinary skill in the art in light of the teachings herein that certain changes and modifications

may be made thereto without departing from the spirit and scope of the invention.

30
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ESTI MATI ON OF DRUG CONCENTRATI ON [ 000405] Patterns projected into

mul ti-di mensi onal eigenval ue space define points in such space. A 35set of
patt er ns wbtaizmsdosat vari ous drug concentrations defi nepaTastoiofoswes nts in
t he ei genval ue space that can be treated as a "dilution" curve. Al the
avai | abl e data on given drug dilutioq gy be fit to a parametric function
of concentration or, for many practical cases, |ogarithm of concentration.
For a new WD 2012/ 034084PCT/US2011/ 051098 neasurenent of the drug the
concenihat is okinedns: be esti mated from the previously neasured data by

m nim zing di stance from neasured point to the approxi mating curve: F(t)
(x, - x(t))2(ye _vy(,.. 2i))(z - z(t))2 (tie - 14(t))2 -7-->mn t - i
| og(c), er, j exanpl
of “th s o ghir o B R o BAEARLE Ao fre I iSRRI pecxry
was appr oxi mscadorbyri@%th and 5th order polynom al function of |ogarithm of
cong entration i Saﬁﬂ?&@cﬂoﬁea 1s gg?{ B.‘lllyT(Q%l lh é’ieﬁgﬁhsdcﬁfgﬁ@lgctﬁ&ll%&{dn&[vet he

di l'ution curve was constructed ti'ng of each primary conponent or
all conponents al t oupserhér . For t he dat aset cont aining an outlier such as
the third or fou j ghds e
the outlier and ? %e{aot é&rrtrgg{'c ?J@HHEQ&@g%ggﬁgklntﬁésat%%@g? gn %/1 1OH§, Qonhgﬂl?ée
second approach t ermpgeriab di stri bute di sturbance produced by outlier to the

nei ghbor i ng poi nhﬁerelﬁ%gﬂomﬂteﬁa ?é‘éﬁ Qpa&tt&tanﬁto%uctlb@tm&@m@mt kAt on
can be estimated wt acturac ou - 12% except for
coh@entration val u@éectrpdetammt;arcbgltqtegiwl@ﬁhqmalﬁmpf@l@rrgate[lqyg@).ztgﬁqlqcrﬂcglhe course
of applying princi pghqyRRTRARGALrARALKLRY Stelifdal tt%mueaectp@m@tr data we have
noted that 4 primary components account for 8% of observed variability
in the data. This is a 15statistical indi catlon that if the systemls cl ose
to |inear2-t Kbe sensonelgleimple futhprrg@pasipehiccodielrsgesisdrir sgupTisig apfurglify of

vari abi I'i tyeolfie | Iof 84 elb@GGlLy Qéfndaé%ﬁe SRRAA ford]ind chlrml%&@a& hdn, ;Jh%alﬁ?of
equi valent circuit that contains 4 independent | unped conponents -

capaci tors alrugae leredhsof o eotrigally conductivg pateripeprmine %I@t“é}’ ?JFCGFW%I @’?ere‘élﬂt%oug h

ingsrectly, ﬁmbrdf%ﬁ)hgaiéjﬁf?@ﬁstoffef%m&h@ HinduOiRINRRMal HNSthE@blediRESAre
[ 000408] The syst'ens and devices for determ ning the conposition of aqueous

sol utions désetipins wohee elurlitref cloaeardenathsaf alﬁttyc%lgé?wcwwatﬁ%%f& fourth
appl i cati ongpecitdaough not strictly Ilimted to nedical applications. The
conpl ex adm ttance devices, systems and nethods described herein may al so

be useful for neasurement or validation of key ing ?I ent Sléesfn ca%ng cﬁ

fluids for rantsnseelsiripg. WP?fe'élél?Fee“iFéﬂCP‘é}t‘ioaﬁ‘é“‘t’?t’@at&&é ARpEnedhsiust ¥ ei n
nmay al so be gitehttrorh e edelB4IF BhdiQtiVahREriallEbdhing YheQbconll Bietrddest i ng pur poses.
[000409] Wi |l e the nethods, devices and systens for determ n| ng corrp05| tion

solution usin 5adm t ance ect 0ScC have
Qo2 T heh o M sehasy Sedlaim b tbere b AR s Mg o e B o e
ex anple is ﬂ@l’eleﬁtﬂfbﬂ@&ﬁﬁdt@ﬁv&hﬂérﬁaﬂ Jorffng tiededont aletiadg ale RElycted fromihk krobe

readily apparent to ordinary skill in the art in light of the
t eachi ngs hé‘t"@lsﬂnﬂq'fa‘% (c)lsétaf‘a}ﬂ changes and nodifications may be made thereto

wi t hout departing fromthe spirit and scope of the invention. 30
5. The sensor of claim 1, wherein the elongate lengths of the first electrode are separated from the

('DU)II

elongate lengths of the second electrode by less than 100 pm.
25 6. The sensor of claim 1, wherein the elongate lengths of the first and second electrode are curved.

7. The sensor of claim 1, further comprising a pair of electrodes configured for operation in a high

ionic strength fluids.

8. The sensor of claim 1, wherein each length of the plurality of elongate lengths of the first and

second electrode has a length that is greater than 10 times its width.

30 9. The sensor of claim 1, further comprising a printed circuit board substrate onto which the first
and second electrodes are formed.
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WO 2012/ 034084PCT/ US2011/ 051098 CLAIMS What is clainmed is: 1. A sensor for

i mm ttance spectroscopy configured to operate in lowionic strength |iquid,
t he sensawoaorqmshtmhng Sa first electrode conprising a pbmm-slzciltlmsmf)s

el ongate Ienths an electrically conductive mate secon ctrode
conpr st g & Sar Bt R ES SR RS R er e i o8 e e
material; whqrdi fhe tdngorebmpading:y of el ongate lengths of electrically
conductive materi e are ter d t he
plurality of el O?‘ltg?ftStafl‘lrétrPétrﬁte%cftmé?S C(Q’lilfc ureg eéaon r.l'ow 1omc%l(r%n§hel o1uvgs tpﬁi
second el ectrode tdirit(palﬁbmmreing@tfﬁ@dbctpﬁe havu%,a ﬁfﬁmlnyemuﬁi clofigatd lengths bf an
further conprising

ctr Lsin lur al |
el ohgate | engt hs ofe?eﬁwcéf °€{‘$‘I°§‘éﬁ’f‘ erlal%dfuc elco\?gplr’?a OedFlg%Tpr ol lur%le?hl rd
el ectrode and a pl Lplaalleltey)nngte ehgthgatae eleangalllysomiucm nedtezial, thrailnltljp ebangateict i ve
mat eri al forrn'nga el.ectrod t he. I e
| engt hs of el ectrl gH&? g%’ﬁg‘ fle Q?T%Fén‘r%?rgi lt%?g]‘?lﬁhéﬁgﬁll el%néthgro e?eggrgal
interdigitated wt h:letchmiepdmdr aI ity of elongate |lengths of electrically

duci i al f The. .
conduci ve materi ?tl?ag ﬁtecong (S)ﬁla Ce?ec?rgges c?rgfglurefi%%o LNe 1%%1%@'2 ic streﬁgtl?" @Ccfsr ode is

wherein the el ec rmng 1TS

different fromthe electrically conductive material form ng the second

el Ett r odell. Zhedsensbhef demdar 10ffutheacomtisingladlowisensphe el ectrically conducti ve
material formng the first electrode and the electrically conductive

mat eri al fZOkrgle& ritorl il f & $Jy gﬁﬁgfi'l';e% 1§ g}Le? éﬁ%o{hr Jrlb%vsgiroQUQtrength
ATl R R S o Bt eniE

consi sting of: F e sensor clarm wherein the
el ongat e | ehgtidssthofenstreomprising: el ect r ode are separ ated fromthe el ongate

l'engths of the sge %@‘Jlrﬁ%f@e&%{nﬁ’d@?gﬁ% ngFl]rgéﬁm IE‘R)Q' il staaagtg lqu- BE whSRRhcHOf

claiml, whereint ongat e of “'the first an cond el ectrode are
curved. 7. The sendust paif c@nmsm alﬁrstfqmtrb@rha@emPiuyﬂlllh’g)a@”pleﬁlqﬂg@iﬁ leagtbeefrapdes

copdigured for opefg hfegnrgéaﬁéucpw,ﬂatb@urageéﬁ,eg;ebtrcfde%,q@qsuﬁgapTlnmsﬁsor of

claim1l1, wherein eac ["fengt hs” of the
first and second elpétailf:l@ét@gﬁaéﬁnaht’r @rﬁgtehcttlmilty CPfsdugfri\@alﬂaéﬁﬂat Néﬁemohﬁtql?ﬁéétel ts

wi dth. 309. The sengpf s%%wehvggé@}e&mdwﬁa%r arE IR RAetOhvith RE LIBRGE 16gfHs Ok ¢

board substrate onto
the second electrode for that pair; and

three electrodes configured to operate in high ionic strength liquids.

20 13. The sensor of claim 1, 10 or 12 further comprising a capillary port configured to wick sample

liquid onto all of the electrodes of the sensor.

14. The sensor of claims 1, 10 or 12 further comprising a retractable needle configured to load

sample liquid onto all of the electrodes of the sensor.

15. An immittance spectroscopy system configured to operate in low ionic strength liquids, the
25 system comprising:
a sensor having at least one pair of electrodes configured to operate in a low ionic
strength liquid;
a signal generator configured to provide electrical excitation at a plurality of frequencies
including a low frequency range from less than about 100 milliHertz to greater than
30 about 1 KHz;
a processor configured to receive complex admittance data from the sensor at the
plurality of frequencies and to determine the identity, concentration or the identity

and the concentration of one or more compounds in the liquids.
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and second el ectrodes are fornmed. WO 2012/034084PCT/ US2011/051098 10. A
sensor for immttance spectroscopy configured to operate in both high and

| ow i oni cwetznenguds4l i qui ds, the sensor conprising: at | eastusaoifiiossps pair of
el .eCt r Odeﬁi TR0 ; s rlfllro?glatm01£ Qv%rr%}n he re]:nslo(r)\é\(l)nllp(glrs]éscat e%rtg?l%: hairI 4@ elcdosde Eo@x?’l fr%:c{ st
pair conprising a P& e eCET 00 AW ng a plurality paral &f efong%‘fe

| engt hs of &nopsmtesataw ioaik ktyengthriduics, theefirstghie coraprisanga fastskectonid haligrd r ode
conprising a,plurality. of rallel elag e lengths of an electrically
contucti v R B b R St anShELR b o SORL Wpdle) B4 EFY SR Y
are interdi gim@tseg aplhtrdiity bfpasillelredagae leagiyt dfsin efecttibaly Senduniiveehaaial, edieginand
at }jeast a con i, of..electrodes configqured to operate, in hi.gh ionic
Strongh i B naced Bynlrdl G5 dS0RR RN GEE A s RRRIB P ichBairit R
fl ow sensor eledpde A sensor for immttance spectroscopy configured to operate
in both high and low ionic strength |liquids, the sensor conprising: three
pairs of el { . in. | [,QpL C_ St
Wher oi n eaoh  Pror s LINEEnR: SBEI Shfrals Aol QN HECTR Nl SR
paral | el el etregvrelity ehiequenciss invtndingallew frequsadyl rgnge droduessithas abat 00 milliend a
second el ch%ga@e GRMREIS kA Pl urality of parallel elongate |engths of an
electrically onductive materal , Wherein the elongate | engths of the first
el ectrode for a pair are interdigitated with the el ongate |engths of the
setbnd el detAauniftance sigeftoserpy systemhepniigwredtooperete imenils lopawnf high i stengper at e
in high ionig;sd i d@idh ddnfiktls- 2013. The sensor of claim1, 10 or 12
further conprising a capillary port configured to wick sanple liquid onto
al | of the el ect pé&rped haying fdeasieans grir ofiedectrqyes ceydigursd tapfpergicayithe low o or 12
further conprising - 6 I : i 1Qui d
onto all of the el esgrf ég%gﬁq%?gtahg%gg%s‘%?r?)@%étg)u&%gnﬁég .dqiﬁpei?ﬁrrgnw{ﬂ?%h%g
spectroscopy syst erPaosifenghliawdt o operate in lowionic strength |iquids,

t hes 25syst em conpti,sii Bk i : . i es
cortigured 10 opor Sret na Lo T %ﬁ?(?f"‘?%‘?%ﬁ%ﬁ@??%ﬁ?ﬁ? PRt PR

gener at or confi gur decledings loviftsguearyerangd feem legschan apitd A0 milliHert tageghater Yarpf
frequenci es i ncl udigg,dolkew- f requency range fromless than about 100
mlliHertz to greater than 30about 1 KHz; a processor configured to receive
conpl ex adnmi tt ané@rogesse coniigmed fieresdiypseomplex adistagsie data fiomyeither of pethpeirsef es and
to determ ne the idgnfbdey of HOMREHLE @L bﬂ&li@rofﬁ‘ﬂa&eh&lé‘s%aTt&’de?e’?ﬂin%|EH%identity,
concentration of one or nore coq{pounds in‘the Iiquids. WO _

204®/ 034084 PCT/ US2(Pn9enwatigagr the idertifz ard the eqpeetraiongf gnel &, marp eqesionndsiethg ens or
conprises at |east jgufdsrst pair of electrodes configured to operate in |ow
ionic strength liquids, the first pair conprising a first el ectrode having
a plurality Ear allel elongate |engths of an electrically conductive

mat eri al @ndhesysenshdaia Hetvherge teormprof slesitpdes sontigusgd te gpresate dpwiiqnis strengdthgat e
l'engths of agui@l Rbfiies alfity cleQRAY RivingS: PIRLIRY bathlicl YWBRIRI 1Bngths of an electrically

conductive material and a second electrode comprising a plurality of parallel elongate lengths of

25 an electrically conductive material, wherein the elongate lengths of the first electrode are

interdigitated with the elongate lengths of the second electrode.

20. A method of determining the identify and/or concentration of a drug in a low ionic strength
liquid, the method comprising:
contacting a low ionic strength liquid and an electrode pair comprising a first electrode
30 having a plurality parallel elongate lengths of an electrically conductive material and a

second electrode comprising a plurality of parallel elongate lengths of an electrically
conductive material, wherein the elongate lengths of the first electrode are interdigitated
with the elongate lengths of the second electrode;

applying electrical excitation to the liquid at a plurality of frequencies including a low

35 frequency range from less than about 100 milliHertz to greater than about 1 Hz; and
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5the elongate lengths of the first electrode are interdigitated with the

el ongate |l engths of the second el ectrode. 17. The system of claim 15,

wher ei n twe 28ixp3ads4generator is configured to provi de elPeTiuse@alosmagi t ati on
at a plurality, of frequenci.es including.a l.ow frequency r romless
than about 100 EERTIES srbdirdfi ot dod CTERIh Sr 3RS ok

i MM ttance spect rospopds isihetliquid baved bya r@pléxomopitamedt medsured bétedndlre devtiode gh
ionic strength | igyi ds, the system conprising: a sensor having at |east one
pair of el ect rodB¥ confi gured to operate with a lowionic strength |iquid
and at | east one pair of electrodes configured to operate with a high ionic
st r engt h 21i @bé dethddbef chiirg 38| whyeriregoatactingdmtbivgeniedrengsh hawd patepris¢seontaéting|

excitation at | ural ity i i j f ange
romess t it BaltPidica b EHENE SRl DRl ol G RIRERAY it
processor cphfaligufeeratie eloegatd ezticscmp b escondieteatrodneith aipluralityof pareliel plergatsr bot h
pairs of . t lity of
frequenci eslegﬁtgs’twg erggltﬂéerer%? nﬁgtetlef'rllg{hlggéﬁﬁ?ﬁﬁ%lg%(gg%ﬁ%g’%’?@ lhteginw%lpﬁ% ﬁ!é&é:é%ent ity
and the conésghs eftthoscald ebpzodsr nore conpounds in the liquids. 19. The
system of claim 18, wherein the pair of electrodes configured to operate in
| ow i oni %ZS%Bgﬁg&l&i J)f'c‘ﬂi'ﬁngé, f?r?r(gp&i Rin ,cgr\t{ic?ihg ik G fogfé%tré?@ﬁ' lfhgidaan@htl*léa@ﬂ Ity
parallel elongate |engths of an el'ectrically conductive material and a
setbnd el ecpreophér of elagsrodes qepfigures! ta mgpiurgcogipley ammittapge iehigh ipaicstrergiyliquids of

25an electrically conductive material, wherein the elongate | engths of the
first el eat TRdGe@EEof ik 2l et SlyMoldiectrREl RERNGRIPHERAPRFInG Eleéthigal S€CONd
el ectrode. 20. A nmethod of determining the identify and/or concentration of
a drug in astdprianginp elusipye deapensigpineludingalopdtenurac Bags ram igs thanabedd® ng a
l'ow ionic sififRghitolgtdidl flapbueikalLect rode pair conprising a first

el ectrode 30having a plurality parallel elongate | engths of an electrically
conductive material and a second el ectrode conprising a plurali té’ Jof

paral | el 28t Shemetbod ehirlim20.ohersin @PbdgsicaicrhexeisHan catpyises Faplging slectrigiher ei n

t hes el ongat gxdigidtththeRfectdie phit.r st el ectrode are interdigitated with the

el ongate |l engths of the second el ectrode; appl yi ng
el ectrical excitation to the liquid at a plurality of frequencies including
a | ow 35f%edlieReyos dhilim PPoMerdt PP Sk Pl Bl bRy it ?ﬂjta%%thﬂﬂse%eﬂ%*fat han
about 1 Hz; ta&dold Woel2Bladd B34 RBHRGEAISR Alild HBAAY 8f wWetiat MdReddgd tlo@rodekent i ty,
concentration or identity and concentration of one or nore conpounds in the

I quid bazs6.eq’hg rrlllet%o (()) C alirg)éo,l wrggretirg %%?y?ngne‘?eaétsr}égleegmig 1E)r\1Nree§u tstinhae vo‘?tlagect%arltqg el T

500 mV.

20 27. The method of claim 20, further comprising recording the complex immittance at a plurality of

the applied frequencies.

28. The method of claim 20, wherein determining comprises comparing the complex immittance with

a library of complex immittances.

29. A method of determining the identify and/or concentration of a drug in a low or high ionic
25 strength liquid, the method comprising:
contacting a liquid and both a low ionic strength electrode pair and a high ionic strength
electrode pair;
applying electrical excitation to the electrodes at a plurality of frequencies from less than
about 100 milliHertz to greater than about 1 KHz;
30 detecting the complex immittance at both the low ionic strength electrode pair and the high

ionic strength electrode pair; and
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21. The nethod of claim 20, wherein contacting the lowionic strength
| iquid conprises contacting 5the lowionic strength liquid and a plurality
of el ect rwdeopaissm4each having a first el ectrode wt h aPnlrursa(bliltoyloes
paral | el elonggtelent and a second eectroevvr Iuralit%/ of
r

paral | el el ondg&tEMNERIIH em%%‘?né?‘tlfat“ﬁ‘eoré “BhY aPLeIETYt thoél PIYUEY
el ectrode are i nb@mdiugcnstxatred]qmtahsea beeleieﬂmgaatrﬂhé engldismoittahtes neanedd

el ect r ode. im20,  further conprising .
contact ng the | BPFBHIEB PR GRRE Pcide At LA B% SEEmSLE o pair

el ectrodes configured to neasure conplex immttance in high ionic strength
| i qui ds. 303 Thdinethoddftviim @P, vieadimeodBietingtthe kquid ealppﬂeyb\ngpnezl seetigth dedtrodeiirt at i on

ri ses a i eI ect r| exci.tation f eguenci es
R e bR Prhofintn & PRy iR et ey Puillsfbrelis Velh SERTTS' O
greater t haaleabcnmy cdndtttive material and a s&bnd alhc&rodetqunhsmg arpluaihm HEParalidi eloegate
appl yi ng el XCl t t|o rls i on
to the el ec rngté&o gl f trrﬁgyc?ﬂcgtcﬁjét %gl dfwhg epn tXe %gngae hs matlhe gifs? égctro et
el ectrical exdnterdigitaad wils the longate langthsldfageectohableus)dbel ow a t hr es hoI d | evel
for electrochem cal reaction at the surfaces of the first and second

el ectrod h th I P t

xci tat i o FEEtpaFet RIS, Rt Aol geiRh: 1 BB ORof AR or o o
cl & m 20, f immicegengtlonpri sing recording the conplex imittance at a
plurality of the applied frequencies. 28. The nethod of claim 20, wherein
Sg?ﬂe):’ an:%gn ?gﬁ%b@&scla(ﬁg@%ﬂe%éolﬁﬁ ﬁr%[ﬁlngﬁ e#@?t&ch@%ﬁgh%\ha u'ﬁl‘?a Flélgi’rlllﬁc%fy()f
and/ or conceéethilay joois stséngth edectrgds pairaaridavhigy iomi gtrﬁng@rtieetr%i@wlr%ngt h 1iquid,
the nethod conprising: contacting a liquid and both a [ow ionic strength

el ectr ode33p%g m@t‘ﬂgd 8¢ dMidBo) mt&n §ptp[ &tr?cllle&&l[agg@c&ﬂinses a@ 91|ng klRGrical

electrical excitation to t’he el ectrodes at a pluralit Prequenm es from
| ess t han akifetiongo theiclecirodes ata plusalify e%tfr@pertcwaﬁoeﬂtfathanam1003@86%@@&& ng the

| ex i nmgteta@pﬁ:len HouP@tyt he Tow ionic strength el ectrode pair and the
hi gh ionic strength el'ectrode pair; and WO 2012/ 034084PCT/ US2011/ 051098

determning the identity, concentration or identi 3{ and concentration of
<

one or notie Thompibemekelain 20 Hurther qemeyistgsearding the cmplexdmmibnee 4 Refh APy ex

i mm ttances jJiRAaskh erb&meeﬂJntaelelh@gﬂxbﬂmtrengthreeagsde gtectrode pair and the
hi gh ionic strength el ectrode pair. . The nmet hod of claim 29,

wherein contacting the i gur d and the | ow i on| c strength el ectrode £al r
5conpri se¥- dBapethed piglameywheredn arpfyingcrleckicol "r’f@‘taé.‘o'ibF‘ﬁ‘i‘Pé‘IS?Stapp Iyiag gleptap

el ongat e | eg@ditagorab tRRILh&RRircal | y conductive material and a second

eI ectrode conprising a plurality of par all el elongate | engt hs of an

trlcaII con terial, in. t enqgt hs hefrrst
ol 381 £ odesoaihS ey o S apotheiie ipPBE SreBiBLEE T RRGRHS b1 “IHE GBS
el ectrode. threshold leveBibr eldd@ch¥RiidabD@addion &f the $0rfdles of the tle@rodesONPri Si ng
determning if the liquid is high ioni c strength or low 10ionic strength.

i 0 wi T 15 BEIPLP R RS PR el SRR et B # BABEpr s

hi gh ionic spogavgth el ectrode pairs.

38. The method of claim 29, wherein determining comprises comparing the complex immittance

25 against a library of complex immittances.

39. The method of claim 29, wherein determining comprises comparing the complex immittances at a

plurality of frequencies against a library of complex immittances.

40. A system for collecting and identifying drug waste in a liquid, the system comprising:

a waste input port to receive liquid drug waste;
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33. The nethod of claim29, wherein applying electrical excitation
conprises applying electrical excitation to the electrodes at a plurality
of frequewoizer/fBu@m | ess t han about 100 mlliHertz to lPgrasbt@n/ostvasn about

10 KHz. 34. The nethod of clai 9, further co i Si recording the

conpl ex i nmittangé® C‘B‘G‘E‘Hertcﬁﬁé"q‘]?dczf&/ﬂiedwt& "g’f‘?lé’iﬁtgn{z'her%mg%ts?rﬁﬂ?lﬁﬁlb "and the
hi gh ionic strengt kompbagt & pRexlBAifelecttRle pliRtoiliui@do odntdt RtdivedJiquidagigei n
applying electrical excitation conprises applying electrical excitation to
the el ectrode pair.W%%86. The nethod of claim 29, wherein applying

el ectrical excit akigigéRfattrkénfighred to/stbiad@edidval enkgy Beliq dug Wisshiedighkevel
for_electrochem cal reactign at the su ffaces. of the el ectrodes. 37. The
method of cl ai m 29,52 RREFA eéﬁﬁlpg)'lrﬁ@'%t{éeﬂ’c‘?“?‘fﬁl excitation results in a
vol tage that is Hploosssd2@6nflEMred to receive compx intiRtan@tifofinatibn &l agiluralzPof Wher ei n

determ ning conprises co ri he. coppl ex,imm ttance 25agai nst..a |jbrar
of conpl exgi mrirr}t)t arff?@‘ée.ncgg.go‘?ﬂ% HEI‘E?%H%BP% CtrBﬁ’ea‘iaHf’?g‘?to\ﬁﬁ@P‘é‘f‘ t aécfegtﬂt?‘da'?d ng Y

conpri ses conpari ngindobigk of afigliethe ligid 8lugnaas, aad a plurality of frequencies
against a |ibr arxwgg comf)ll ex i 'ltt?ncga. 40. A systemfor collecting and
i dentifying drug PROT HABOY O et "EHE Y L8 conpri sing: a waste i nput
port to receive liquid drug waste; WD 2012/ 034084PCT/ US2011/ 051098 a
sahpl e chandky systempl eldint 40, filithenmsipasingippltrap@rof collebdmehambde sanpl e chamnber
conprises a plurality of electrode pairs configured to contact received
l'iquid drug ste.: . . .a_ signal,. agener L.confiagured to

ot ovi de LotiESEER oLsigingp e cqmee-inf SRR SR N RE L LB L2 e
at a pl ural elkstrodé pdirsequenci es; a processor configured to receive conpl ex
immttance information at a plurality of frequencies fromthe plurality of

L ectrod : . . . o th
el ect 1 09aPhd SysAohh RELSEINOR AhRCARR) L AAATBH Il A, (e
1041. The spst Baniddrughastethd@ihréughtand furthermphrerai thg sanghé ehembértapd plirabipidfect i on
ch ers. 4@1%;599%%%3&&31%% geltpgk%égﬁmg rther conprising a replaceable

e Ity of ele

cartridge holding ura ctrode pairs. 43. The system of
claim40, wherein the sanpl e chanber is a flowthrough chanber configured
to pass |4qlhasystemgf dlaist 40, furderaompuisioha fletnsenfarte drsermysdhecdiay nateef Yatngh g

chamber andwggtyg‘ﬁgr{ngyheq{lpu}gﬁ{ectrode pairs are part of a replaceable
cartridge. 44. The System claim40, further conprising a flow sensor to

determne the flowrate of |iquid drulg waste entering the input port. 45.
The syst évh dhe yybtamef glaim 4fh sherein therigng| ggperptoyis aeriguisd 1q ovidalecyisplesaengy at

provide el e&Ffu}a%%J of $RGHHYieSrorf 1B dﬂlé@dﬂoﬁﬁflo@‘}nilﬁif{@%@%‘ﬁéaﬁth&ﬁ %l B3, than
about 100 mlliHértz to greater than about 10 Hz. 2046. The system of claim

40, wherein the processor is configured to | og and/or report the identity
antl anourfts- &he syptag of plaimn 4% #prgiBdhg RreRerar i corfiehisd telog and/orreportdiedfentipyamdc) ai m

40, further ,6QHPHt Frhd® adEeeREY RiHid bRz vaRert the identity and amount of drug
recei ved. 48. The system of claim 40, wherein the processor is

configured to direct the caollection of liquid drug 25waste to one gf a
plural i t Yol NeaFrRof Flain 4 Siriber ompHERgRNIRUA L TPRASYRS idgntity andgmoppt 9fdg o

recei ved received.

48. The system of claim 40, wherein the processor is configured to direct the collection of liquid drug
25 waste to one of a plurality of collection chambers based on the identity of the drug in a received

liquid drug waste.

49. The system of claim 40, further comprising rinse module connected to a source of rinsate to rinse

the sample chamber after delivery of a liquid drug waste.

50. The system of claim 40, wherein the processor is configured to compare determine the identity
30 and amount of drug in the liquid drug waste received by comparing the complex immittance to a

library of complex immittances of known drugs.
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liquid drug waste. 49. The system of claim40, further conprising rinse
nodul e connected to a source of rinsate to rinse the sanple chanber after
del i very wb 2a12a3ens4d drug wast e. 50. The system of clpairmsd@,i/o9tves ei n t he
processor_is confi.qured.to co e determne t.he identity 30and anount of
drug in t%‘eai V&Wﬁ&?@eﬁt‘%@%é%g@é’lg\%‘ﬁ %{Red% s iy ﬁ%mﬁ%m €% i mi tt ance
to a library of aowgtaypulpgonitd teasiceliquad drkgreame; drugs. WO

2012/ 034084PCT/ US2011/ Q051098 51, system for collectin nd, i denti fying
drug waste in a Iaisad'i}ﬁj[%i? af"ﬁ rcé’?éf"e@f %ng"%plug%o:ﬂ’ glher 1§:thee Slgrﬁlglﬁtcm%re t to
receive liquid drugowpstes a plurality of efecsadephies @hfigihet to caught edeival lighd dnagst e

i nput port, wherein the sanple chanber conprises a plurality of electrode
paits configured to"¥ntact received |iquid drug 5waste; a flow sensor
configured to detdbwisasoidoefifdrairodéteimisgutheflowmbOliquiein®ylst sysipma si gnal
generator configured.to provi el.ectrical, ene tQ |.iguid dr

within the sanpl§S§WﬂﬁﬁgEmgfoqﬁﬁﬁﬁﬁ%P?ergﬁz”?é%ﬁr C?E%gy%u%g%#gggﬁﬁhs
configured to receisamplechphiexatiapiirblitantiequafc@s;mati on at a plurality of 10
frequencies fromthe plurality of electrode irs,. and t et.erm t he
i dentity and anodRE°°BYdP rgilégulre?/ﬁi R &S (aompgeXdrlpﬁlg‘lia\rll\%e’sl{l %"?artggnat?%é‘?ﬁal%%t ance

i nl@r mat i on and t hefrdguawies énmahe plamiity af dedtdodepairsrand hedelzemint ¢theddehntityend | i qui d
drug waste. 52. syst,em f.or, col | ect i a i £y g waste
inaliquid, the sy%?%ﬂvgéﬁﬁﬁ?gFE%PQfgﬁ‘ﬁ%%%@mﬂﬁ%h %%ggﬂ%%k%g%%wgggliquid
drug waste; a sanplfiowckasdpendcoupl ed to the waste input port, wherein the
sanpl e chanber conpyl.8es,a,Bl Yt alikl¥iq®h aflShleode pairs configured to
contact received I|qU|d1§rug wast 671 & ' a signal generator
confi gur efl. tAcsypreiafordelletingimdiidmlifydrgaingywise ih a tjquid, tlkr syglemasmprismigt hi n t he
Zoignple Cha”bera%%m@&PLPQ%h&%%iniﬂﬁf&“egr&§5; a processor configured to
recei ve conpl ex Pt tance i nformatfon’ tor a’plurality of frequencies from
the plurality of ashmgé clachberpaiiplsd todimdwdse inteit pertyivhereinhiles sadigletchampbeand anount
of drug in a received l.igui Iu from .

i nformation; and 25°é)m[5’flﬁer glp?%raﬁl%gfe\({:\%ﬁ%% a}rso%onﬁglgﬁ(ﬁtgr%gh?% ré@%&e@@%ﬁ%i d
drug waste, wherei nvasteg processor directs the collection of liquid drug
waste to one of the pluralit f 1.l on ddantity
of the drug in aafl3§ﬁ@gﬁﬂ?réﬁﬁaﬁﬁﬁéggﬁg§?%#ﬁggggﬁﬁﬁgFﬁ%ﬁgggqg%Fﬁgkﬁﬁﬁg and
i deitifying drug wesmgleichamber htgupldality hefremsereed; conpri sing: receiving a

| iquid drug waste; t 1 0 'qH]§ cecl ti t he
liquid drug mastEpﬁggﬁéwgggﬁﬁgpg5%%P€%§ﬁ¥%§ oIﬁ%ﬁ%ﬁﬁ#@%g$g§ffgﬂ?gi&g]
plurality of frequeihauesies fetmehaplmiality of Electiodepriistapd tndbteamma tite ideéntiirangd i n

the |lauid drug vaskgiuefidnGh b Febhaidultfard Sl Y HRRELinkriludhog O I ecti on

information; and
25 a plurality of collection chambers to collect liquid drug waste, wherein the processor
directs the collection of liquid drug waste to one of the plurality of collection

chambers based on the identity of the drug in a received liquid drug waste.

53. A method of collecting and identifying drug waste in a liquid, the method comprising:
receiving a liquid drug waste;
30 determining complex immittance information from the liquid drug waste using each of a
plurality of electrode pairs for a plurality of frequencies;
determining the identity and amount of drug in the liquid drug waste; and

collecting the liquid drug waste in a collection chamber.

54. The method of claim 53, further comprising recording the amount of drug in the liquid waste

35 received.
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54. The nethod of claim53, further conprising recording the anount of drug
inthe liquid waste 35recei ved. WD 2012/ 034084PCT/ US2011/ 051098 55. The
met hod ofwol2aiam3%Bd4 wherein receiving the |iquid drug wasrTaSe@npsioses

DU, L L 48 S Rt ol DR B

cl ai m 53, wdaigeiastedad e masteinpg poawph epsteinfiot ddllanting andiflontifiisd dng waspiniases

5appl yi ng el ectrl cal energy at a plurality of frequencies across the
plurality 01l fjectrode pairs when they are in contact with the |liquid drug
waste. 57. The nmethod of claim53, wherein determning the identity and
amount of 5édThgmetnpof das Saswirgeit deteroiritg @xpicmimnitaneenforfatiomadmmpisest o

det rmnethelde i.ty.and a I

Thegrret hod o?pl%l t%%ll R agoﬁlurle’ eorfg%e ‘%H%‘Q%aﬁ%s tlckié fgtltH g q)flé cﬁ‘&%%hﬁ{s ‘J}ggdr ug
conpri ses cdmparaxmgorttdteWalomplhemddmgt'vtastance i nformation vvi t h a library of
conplex immttance informati on of known drugs to determ ne the identity and
anount of, [ I a| m
5, wher ol ool Bl i iBRh i denicyand i G BLRREC A

15dr ug wast ¢hecomplrk nnrngtauhefnifemnpn @rdstgsnmtt@ l@ﬂﬁWenmowmﬂdet&Inﬁn lighi nber S.
60. A method, % determning the identity of a drug or drug fornulation by
recogni zing a pattern of conplex inmttance froma library of known conpl ex

imnttances, the nmethod conprising: receiving an initial dataset conprising
cohPl ex | ThiThe mq@‘léd sfrddimSdgiieptin determiranaithe [dewiity end ameuniralk AWEROMPTEGS d sanpl e,

the conpl ex cb&q;gr §Smglgﬁﬁtmgﬁc@mt}wnah&t wttmhb@@ &Qéreaiénmfnt%@ plurality
of differen ec alrs at a plurality of fferent frequenmes usi ng
a processor utf@rrraipgt 9f kopen éfrugﬁrr@rdéteﬁlatlt e jfleptety é’giﬂntquéfrpftdé’(ghﬁthq Wgeiddgigconpar e
the initial (dataset to an identification space database conprising a
plurality of 1dentification datasets wherein the identificati on dat aset s
conprise conplex 25 immttance data corresponding to known dr
CoNposi t i %’ngt’ pethed afdhines3; whergiecqligetingdhe lipyidLdseg W%ﬁé?tcewegseaﬁolleafétgtltqﬂtdc ation
dawset frOmtfgh@asﬂqurﬂﬁlhﬁlg@ﬁfefegﬂdrﬁéﬁ% deRtPastBctivh thinbed. t hr eshol d range;
reporting that the initial dataset does or does not match an
|dent|f| cation dataset, and if the initial dataset does match an

i dent i fi ol Aonethed of defermyiping s idenityofi p dig oF drug Rrpulationyydposi7ing 2 RMICEhdr ug

or drugs cogg mil@@ﬁhﬂnt&ﬁhc% RBmiad®Rdry bff 16:3{vh @bmplat mdattandes, ﬂlemthoalomﬁtmlgrret hod
of claim 60, erein_using.the processor to apply one or nore pattern

recogni tion techAiElle 2 SiAl faasst QQEIPHYNG CNRRIFAMINEANGRIPRetrogtApfiic bnformation
2012/ 034084PCT/ US20L 4Dnk& % Rediid shhglet b&ﬁbl@d‘ inf@idnd? ﬁﬁctrdgﬂ@h@hﬂfomtlﬁlg t he

essor to apply one or more pattern recognition t q conpri ses
'ﬁg a Probabil i st?@“tﬁ@ﬂt%?lu‘ﬂlé‘b’\%ﬂ‘lﬁeremﬁ delﬂﬁ‘gs ?f‘é‘tﬂi‘ﬁg‘ f’fu‘gf%ﬂe‘i‘h 60,

vvherel n using the propesse; to apply one or nore pattern recognition
techni ques conprises reducing the dinension of the |n|F|aI dat aset and
performng a regr¥8s BIRCSHRAT PRLne GUmOrPRETSTR RIS IChAUAES BUCOTRAG S n

recei ving the initiglialata3&es aCioemific4Rs sﬁa@@@dtébaﬁg:oﬁt@nhﬂgiplaﬂahfy'&ifaset havi ng
greater than 30 di nensjons. 65. The net hod off Jm60 fu rther1 conpri si ng
setting the thr es hotdgntifl 5&;}@@ datasets wherein t etdentl cation datasets comprise complex

25 immittance data corresponding to known drug compositions to determine if the initial
dataset matches an identification dataset from the identification space database within
a threshold range; and
reporting that the initial dataset does or does not match an identification dataset, and if
the initial dataset does match an identification dataset within the threshold range,

30 reporting which drug or drugs correspond to the identification dataset matched.

61. The method of claim 60, wherein using the processor to apply one or more pattern recognition

techniques comprises using a Neural Network.
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66. The nethod of claim60, wherein using a processor to apply one or nore
pattern recognition 10t echni ques conprises applying two pattern recognition
t echni ques0 26i2/037i3e met hod of claim 60, wherein using treTAISIEIRHSHLS t O

apply one_or. nor ern.recognitiaon techni gues conprises jnitiall.

2ppl vi ng 2 meanegeR e bouiteer vavie U pefeb R BPERE DTS Pt o bt yi ng
anot her pat teehwiquee campristd wingtadPedbabitjste NearaliSbwwork.ne i f the initial dataset
mat ches an identification dataset. 1568. The net hod of claim60, wherein
usi ng the_proce . I ne or [ ern.r L t L.ques
compri sesct g Tanry obuf h it le SO EoRRE Bl cRE GiHiirt AL ECAMBN )
dat aset and tdachi@ques somygyises mdusinglthendimevsiok of the dretial dathseeanid fperfdraniigrai regredsiodat aset
matghes an iarcljaefrgsi fication dataset. 69. The nmethod of claim60, wherein
using the procyes'sor to apply one or nore pattern recognition techniques
conprises applying a linear technique selected fromthe group consisting
of :  pri nct4pdhe pethedofrdriebd, wreadiyiaying the iratial datadeyeoimprisqsrespiwmgianmitgalir sui t |

i ndependent t hSa: .t -objective functions, one-unit

obj ective f&%ggté?gdggﬁ gé%%g?%@?%%é%{g, bat ch- node al gorithnms, and random
projections nethods. 70. The nethod of claim60, wherein using the

pr ocessor6% dhappthpd efrdain60nfyrtker pernprising settieg)dn thrgsbeld range. t echni ques
conprises applying a non-linear technique selected fromthe group

consi sti ngs ahe mB@Pd SRIdiR B wiRkdiNGdiRY £pr6QREBPRPDly BNArHRdrS parleRtedobMAST _

i ndependent conponent anal ysis, principle curveS, nultidinensional scaling,
and0t opol ogitechnifiyes copRTisALAPRL Ingde pattem requgaitigibtepliass- cl ai m 60, furt her
conprising interpolating to get an estimte of the concentration of the
drug or dguaheREhES BB, WiRkrdilEsifBRhE Hofi@sor Bedpblyfoné 8t h&d paldtAs&ignitben t he
initial dataset natches the identification dataset within the threshold
range. 3072 chHauesamrsiseinitiainanpiyats, 2 Riffbmetnad odplies tha gimensien efiike dafgand 5

dat aset doeseRhpSRRS afdfter pRfemtecdBnitistefRtnidue & deim A8 ifRAREhitia LIXRkdt SR&hes an
reporting the concentration of the drug or drugs correspond to the WD
2012/ 034084 Btenifigaheomdetass1098 i dentificati on dataset when the initial

dat aset does match the identification dataset wwthin the threshold range.
7315 The ngg. magdmefhod bdldim@0, widie i} tHeprogesidi @ YRS SIQﬁorrE] Qat@ﬂpleyog?iﬂign or
nore pattern recognition techni gues conprises reducing the injti at aset
down to foufCCHERSeBRYiSes igiglly W%E‘értgﬁo"&r}g?‘e'ga‘f ’é’rrﬁ‘fj“ﬁ? Wﬁgt‘rﬁés‘i"bl%tjﬁ'i“? ‘faiﬁs%?fa“‘g
drug or dr ugheh@singh adurd) Rethirkit6 QeI iNGhe it Hiteem&Ehes AL RIfichtiBRIdbfagtACE
froma library of known conplex immttances, the method conpri sing:

receiving an. initial_. datagset conprising nulti-dipensional, conplex..

| t & ance: S BEBE LR eGP ER T PoreSich < AR SR o1 Tk P eCHEIREop e
conpl ex i NMitdchiEiqee cagriey HYlyaighi lihedr idchnigid selbted Ak thefgr@itcangidtig af: plincipaf
different electrode pai.rs at a 10plurality of .different frequencies;.,.
et ng. ¢ nErREHrBRLS BBt MR Eon Al aOb i BRI FGT B ToRE AT s GH T | near
t echni que t abjeatvefincti@dshedinil abjac@t fundiidneradaplive thethods, bdtchsiabde dldoeithhsganded

dat aset matches an.identifi %ati on dataset of an identification space

dat abase, WP RYHEORIRINGY i cati on space database conprises a 15plurality
of identification datasets corresponding to known drug conpositions; and
reporti ng7a Mae methed kfivdaitn 60y wigerehongigsthé proceswd ta @ply@ne bngort pattelrerecognition
identificati ogn.le)ace dat abase havi ng the, cl osest, JT{?trr?gl to the reduced
dataset if {HEIIHSUMELE BPINES IORTHR" {PShUIERFISIE FHP Ehe 85U CPIgRE oTopo
repdrt that lindae ptimkgiovamponet michys 8 nuindindorésdepaiientadoponantkandyuis, phiinegple

corposi tion cgrfvest, Ql?lﬁ%irr(?e%lsﬁggal Iscrallﬁrlnglf gr?cp tof)oqoéicgﬁy Icgn?i?utul)ufs Im%g‘g. lon space

71. The method of claim 60, further comprising interpolating to get an estimate of the concentration
of the drug or drug corresponding to the matching identification dataset when the initial dataset

matches the identification dataset within the threshold range.

30 72. The method of claim 60, wherein reporting that the initial dataset does or does not match an

identification dataset comprises reporting the concentration of the drug or drugs correspond to the
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20dat abase if the cl oseness of match is outside of the threshold range. 75.
The nmethod of claim 74, wherein reducing the dinensions of the initial
dat aset (,wopnizsmsosappl yi ng a linear technique sel ected ﬂ)cmmsmhelogmomp

pursu 1 | nlepiRe B RLTE g eeert et FEhRRRRG Bl RBRE O

one-unit objeshéleangeincti ons, adaptive net hods, batch-node al gorit hms, and
random proj ections 25met hods. 76. The net hod of claim 74, wherein reducing

t he di ne dat as n

t echni que sgpe‘@fth%‘f &gﬁ? g {Zr wahﬁreé" ‘ﬁ?m@%esp 8PN Sor aP poly I?igené/rl i ne%ltte recoénﬁ&e
conponent areahniqies contpdides rediemg thenni&qﬂeiatdmﬂtiomﬂmﬁmmdnﬂenanm ysis, principle
curves, nultidinmensional scaling, and topologically cont i nuous maps. 3077.
The met h f i m. 74, .whe i @l
dathoet conprndd FademtiEg B Epgal i BHiBNRh RSkl ERE.

A net hod of coatleri 1mrmttamge frove ailident oftkporamcbnpdexgentittaatésothe obthad ehmpgising:

recogni zing a patter 3 3 a i own conpl ex
it ance’s.  { nehuinhinATRRE iPhAARGE AT bRl BleiaC 0o
receiving an i n| t i abectagraptet infmptiangoray umgavin-ligiideaspleribd Conmmprh@)&tanceh
immittance spectrograp t he
conpl ex imm ttancegsgpec%r%%dgélp%rggﬁcinﬁ%gﬁ%rﬁ?%gjrll&*{ﬂhg %%ﬁ?k%@?%ﬁ; of
difGerent electr odephpalltysffafferantpﬂeqmeablﬁi,y of different frequencies;
Sreducing the i IE0ShORSen bl o Uik SAREARS: 1B Ao SR

dat aset to an |dentfplfmu:wﬁi1®ddstmt:e dat abase, the identification Space

o o o BBl MPLLLK rea&@@@#&&ﬁ%&%@&%&e@%ﬁngassref-ﬁfragndi ng to

known drug conpositions seness match for the
reduced dat aset r elid¢ntifiention spacdintabhset Wh;ereld dhetidentiGeetipospackadatabese somprises a

defermning a pr oPgs gugoflqmﬁmgﬁld%eﬁe@c e g@@;}c@attag%ﬁmﬁggmlognéﬁ e

cl oseness of the or eac set's erein the
proposed drug conqpo@mg thetithe knmkhwmprImmoubmgmts thefidemtifieation spagsut si de

of the threshold r %%se%\ﬁ p%’]‘tﬁggl%?egma{%hr{g 1. I‘&Rl@&ie(ﬁ,{ &tlii tf?é]clgsfenegg !();lQhé Igatr;lhe

unknown |iquid sanp ylng a regression of e pr opose
conposition for thes Wnblwa tldpahgldcrmmmppmhat fhgunmowmhnbyd aamnhw@tee@mmmhcal

system confi gur ed tqm%&ﬂ'diu rcmﬂﬂ&ﬂoh%ﬂho?e’h‘ﬂu&gﬂc'lu‘é@& t:rllr}ﬁé:ﬁérﬁi@i'ééﬁog@?in ation,

the system corrprl sing:. a nmoni t or Igured to receiv or mat i on
on2& patient's healdatabaS@(i)%thmlwe@seﬁm%dn‘ﬁ pyfsideef thothreslodd sppge nf or mat i on on
the patient's health fromthe patient nonitor and to prepare and adm ni ster

an intr avg QHémgﬁl&gon@ﬁrﬁ 94 %e?él?re@@clldgqﬂé difhefteddk bfthe initial datas@trbo ?(rlg'é ug

conmpoundi ng system in communication Wth the processor and configured to
conpound a_eppiyng etigresteduidyy sal¢vtedfioncibe grovn canpietingiof Rrineipal yompagni@aHdndi ng

syst em conf i, 3,5 Hotl AP0l d&ﬁ’@&g&héxﬁtah sarntaﬁ RAURG0RY; and
25an |V dr uch Fﬁa&@ rgj 9stoe colrrpl}d?g?lng a ug puzgrr%,1 g bE;er ug deI ivery
system in one-unit objective functions, adaptive methods, batch-mode algonthms and random projections

25 methods.

76. The method of claim 74, wherein reducing the dimensions of the initial dataset comprises
applying a non-linear technique selected from the group consisting of: non-linear principle
component analysis, non-linear independent component analysis, principle curves,

multidimensional scaling, and topologically continuous maps.

30 77. The method of claim 74, wherein reducing the dimensions of the initial dataset comprises

reducing the initial dataset down to four dimensions.

78. A method of determining the identity and concentration of a drug by recognizing a pattern of

complex immittance from a library of known complex immittance s, the method comprising:
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comuni cation with the IV drug conmpoundi ng system and the processor,
wherein IV drug delivery systemconfirns the identity and concentration of
the |V drwQ 2ar/i3tosi4ss bei ng delivered to the patient. 80PCAUSRtIhOSI0DOr

accurately and automatically deljveri.ng a dr to atient, .the nethod
Conpr Lsi ;30 ol tse R St getust aTon PG raetRat: CRRS R bour o
gaf! ent to a? au'sj O{T@Eét_fbg}amlideifdnmﬁm igygi\em%wwwuei sﬁmbll&ﬁthﬁcﬁmmm. imenittadce
elivery system determ nes .a.drug.an ru sage fromt atient's
medi cal i nf or mat i onﬁpeﬁ??éraﬁliﬁ‘ﬁfrﬁ?‘g‘gg?q tﬁléengrog‘r%‘a“%%}yﬁf?‘g#ﬁﬁeﬁtoeiﬁgg?ie’lpﬁﬁs ¥Re
gelt erm ned d[ug andpldﬁ!iigofgiﬁa@&ttﬁ‘@ufrhﬁs;r)\a/t ideln_t usi ngSt het automa_titc IV |
el Lvery system erei.n the au g i.ver system nmopnitors an
con%i rs the combBuring B dipensinns 03?% m@?}ldﬂ?fegﬂsnégsa lﬁearioé,‘xﬁré’ﬁ?leﬁ”ﬁ%}wq‘i‘? got er ed.
WO 2012/ 034084PCT/ Udzah 2 #du&eli@aBseBl. The net hod of claim80, further
conprising connecting the patjent to the automatic,lV delivery.system 82.
The et hod of ol B8 MerehEHL R S ams reser e SRR §Rene
dlru_g sglzutilvﬁn Wi t htddmbaattbmﬁ?sr_.irigal Ql/Mglﬂtlgz!o'fidemtyic&y?tdemaﬁo?akespwﬂgt?ﬂctmh of
claim 82, erein the automatic elivery system confirns a e
conposi tion of the P%l&o”épé’gg??sm is correct prior to admnistering the drug
sollati on. 84. déteeniniag the dlosdnes| ofithiein@fch foithd hauced davpei rsiatig to eathiof thieng t he
identity of the pati eqé.. o §t5. The net hod of claim 80, wherein the
automatic IV delivel§ 468 @EHori ses an i mmittance spectrographic system
t1 Bat clonfi rms EPeletemi?ipgiapiopms_edyfirutglaempbsiﬁgnkphpwjimgln ?_;eslmbdzd et dgésn%saoftl;]e .
conplex inmmttance fipgerpr fromthe, dr ol utjon, , met.ho
for accurately and Igﬁ}flb%gchggﬁﬁgﬁ,l%gﬁl ilc\?é?q %gasegg ?’ﬁrgemtdtl)e lgo%oesi?dl ég“rll ?Onfpﬁse’a?ﬁet hod
conpri sing: el ectroiRusklolw itthéeivsenhesadi mgcnie dutsidé ofi thd thregtelld @ngeaboiut a
patient to an autgmat.ic |V deliver stem erein. . the automatic |1V
de}l?lsvery. system &Sttelél?lprlf’ﬁggonﬁergrraﬁgl %fndz‘y%Pﬁg u& oéf’élglq idsrelp 8y %pg’t?*%at' s
medi cal i nformati ontegrkStrars diepeipogpdalngycogpssiticntforahe kfowh engdemeosiianed dr ug,
wherein the automatic |V delivery systemconfirns that the conposition of

t he. dr ug, %:”thllll .Qtutco%ra{egm&rclgss éteom Eyn%g ¥R rf%]ﬁto{j 'Y a%eétraﬁ)&éliggr n%@ets%]agml S
medi cal i nformation; adm ni st%rlng a~drug solution conprising t
det erm ned dredgatiomgdthe systgnd@spgeng.o t he pati ent using the automatic IV

el very, Syt o, MRl PE LAY Lt oflohiggty, SR ARITEL o o purp
befig adm ni st er @groc@Hor configured to receive information on the patient’s health from the patient
monitor and to prepare and administer an intravenous drug based on the patient’s health;
an IV drug compounding system in communication with the processor and configured to
compound a drug requested by the processor, wherein the IV drug compounding system confirms
the drug identity and concentration after compounding; and
25 an IV drug delivery system comprising a drug pump, the IV drug delivery system in
communication with the IV drug compounding system and the processor, wherein IV drug

delivery system confirms the identity and concentration of the IV drug as it is being delivered to

the patient.

80. A method for accurately and automatically delivering a drug to a patient, the method comprising:
30 electronically communicating medical information about a patient to an automatic IV
delivery system, wherein the automatic IV delivery system determines a drug and
drug dosage from the patient’s medical information; and
administering a drug solution comprising the determined drug and drug dosage to the
patient using the automatic IV delivery system, wherein the automatic IV delivery
35 system monitors and confirms the composition of the drug solution as it is being

administered.
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81.

82.

33.

84.

8s5.

86.

The method of claim 80, further comprising connecting the patient to the automatic IV delivery

system.

The method of claim 80, further comprising automatically compounding the drug solution with

the automatic IV delivery system.

The method of claim 82, wherein the automatic IV delivery system confirms that the composition

of the drug solution is correct prior to administering the drug solution.
The method of claim 80, further comprising confirming the identity of the patient.

The method of claim 80, wherein the automatic IV delivery system comprises an immittance
spectrographic system that confirms the composition of the drug solution by determining a

complex immittance fingerprint from the drug solution.

A method for accurately and automatically delivering a drug to a patient, the method comprising:

electronically communicating medical information about a patient to an automatic [V
delivery system, wherein the automatic IV delivery system determines a drug and
drug dosage from the patient’s medical information;

compounding a drug solution of the determined drug, wherein the automatic IV delivery
system confirms that the composition of the drug solution corresponds to the drug
and dose from the patient’s medical information;

administering a drug solution comprising the determined drug and drug dosage to the
patient using the automatic IV delivery system, wherein the automatic IV delivery
system includes a pump and monitors and confirms the composition of the drug

solution as it is being administered.
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