AUTOVATED MULTI - DETECTOR ANALYZER RELATED APPLI CATI ON
[0001] This application clains priority to U S. Patent
wa\ppkiooEsd on Serial No. 60/488, 336, filed Jul ypaBUsS2004/022792
2003. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates to an apparatus for automatically
processing a patient's bioloegical fluid sanples such
as urine, blood serum plasna, cerebrospinal fluid and
the like. In particular, the present invention
provi des an AUMOMATED MWL BDEAVCTORMPBNALYZERdet ect or s
for analysis of the sanples according to one or nore
of a nunber of assay protocols. BACKGROUND OF THE
| NVENTI ON [ 0003] VarprEuysteypepLaatiop s related to
patient diagnosis and therapy can be perfor med by
anal ysis of a sanple taken froma patient's
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anal yzer extracts the sanples fromthe vials and
conbi nes the sanpl es V\ABSFV ri ents in speci al
reaction cuvettes OflEtR STﬁﬁlg&%&ﬁS& t he sanpl es
are incubated or otherw se processed before being
anal yzed. Anal yti cal nmeasurenents are often gerfo
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ha®iRg Mgk defectord fbr\éﬁblyg:e; of thensaipledacdrdn® tdneér more of a
anal yte may he determ ned using well-known calibration

n“f“@@hﬂﬁ%ﬁ?@X p"{t%ﬂﬁ] Al though various known cli ni cal

anal yzers for chem cal, i munochem cal and bi ol ogi cal

testing of sanple clinical
technology is ct%@%é@@@oe%{f%m%LMds for

i nproved | evel s of analysis. The inpr overrent

of anal ytical sensitivi te/eé%{ontl nues. to
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t here contlnues to be a need rovenent s

t he
abgrrseas 10 a358yF bipicaicBvelve QHP&F?&QE analyzsts eafo which Vials

containing patient samples have been loaded. The analyzer extracts the samples from
the vials and combines the samples with various reagents in special reaction cuvettes
or tubes. Frequently, the samples are incubated or otherwise processed before being
analyzed. Analytical measurements are often performed using a beam of interrogating
radiation interacting with the sample-reagent combination, for example turbidimetric,
fluorometric, absorption readings or the like. The measurements allow determination of
end-point or rate values from which an amount of analyte may be determined using
well-known calibration techniques.

[0004] Although various known clinical analyzers for chemical, immunochemical
and biological testing of samples are available, analytical clinical technology is
challenged by increasing needs for improved levels of analysis. The improvement of



anal yzers. Oten a sanple to be anal yzed nust be split

into a nunber of sanple aliquots in order to be
wpe@sesaed by several different anal ytical tech@l/ysme4/022792

using different anal yzers. Sanple analysis

conti nuously needs to be nore effective in terns of

i ncreasi ng assay throughput @nd increasing speed, as

wel | as providing an increased nunber of advanced

anal ytical options so as to enhance a |aboratory's
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assays conducted by the analyzer but it is also required to be programmed to control
and track, among other items:

various analytical devices for performing 100+ different assays on different

samples like blood, serum, urine and the like;

¢ re-testing and add-on testing of samples when required by prior results;

» the patient’s identity, the tests to be performed, if a sample aliquot is to be
retained within the analyzer;

e calibration and quality control procedures;

* anincoming and outgoing sample tube transport system;



washi ng and cl eani ng reusabl e cuvettes; reagent and

assay chem cal solution consunption along with tine,
waeasdaued of consunption of all reagents consuPErUS2004/022792

of each reagent container and assay chem cal sol utions

consuned out of each vial container on a per reagent

contai ner, per calibration w3al container, per Quality

Control container, per assay, and per calibration

basis, for specifically defined tinme periods; and,
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MaRiARD MRy He @aﬁntgsb@qydw%sle @ﬁﬂcejﬁme%a@owﬁ@ sup.-12 molar. The

difficulty of detecting low concentrations of these materials is enhanced by the relatively
small sample sizes that can be utilized. In developing an assay there are many
considerations. One consideration is the signal response to changes in the
concentration of analyte. A second consideration is the ease with which the protocol for
the assay may be carried out. A third consideration is the variation in interference from
sample to sample. Ease of preparation and purification of the reagents, availability of
equipment, ease of automation and interaction with material of interest are some of the
additional considerations in developing a useful assay.



chem | um nescent conpounds, find w de application in
the assay field because of their ability to emt
WO p@hon1048Dr this reason, |um nescers have beenpcit/Ubioa€022792
as | abel s .in assays such as nucleic acid assays and
I mmunoassays. For exanple, a nenber of a specific
bi nding pair is conjugated t-g-a | um nescer and vari ous
protocol s are enpl oyed. The | um nescer conjugate can
be partitioned between a solid phase and a liquid

[ogdwSse It ﬂadrﬁpééde‘h?cérﬁpélhﬂfaéﬁdhh Nds m{or@ab@hw@npdur@s%apl e
ected of containin e ana e measur i n
ChPWHEWEBeé‘%‘HEQOHPOHP%é’P Hd %?@"ﬁﬁ‘\.{@b@ th%ﬁ%saé’aﬂ?' ‘Fg%ﬂuée of their
abl| |lfy3to| eﬁfvﬁellgrﬂf Fdr4Ris lﬁ@édbﬁnmmnﬁ&%éfs\/@j/etbéeﬁ LEIRAEERY IEaBéI's ‘Prlﬂ assays
of na e in | e. %%%OSE Partlcles 03 i
sugh ap éi‘t‘%'ﬁ'ct?gﬁﬁssé‘maf‘ 56@8 Says, For BkaPPiged Metpberiol @gppecific

bmdhgaﬁammnjﬁgéteanarénhmmeeébrfsﬂimn@eiae@pﬁatm@ eiﬁployed The
e agueou

TGS FENLSBE < B RA Ao PEMRAA S CplSg e ariid phase i

relatiGro RO SIndsudt cme irba éﬁnﬁ@%ﬂsbéﬁe@ BEYyoRaihimgtthe analyte. By

senge of a sa nment. Anti
AR e Siitbsiondihesst R R ware Fo Gott B8 fevel of
lurhingscet e @ibbe@ed @8- cbheemtrafion bt the @alyeninahs shaprd
W thin an aqueous phase vesicle or |ipid soluble dyes

di ssolved in the lipid bilayer of a |lipid, have al so
[oGa8}n ut iPardelds, tsucass dgtex béac&;lmioyltp@SomaQa’fdve aido been utilized in

ent e nt o .an nmunochem ca reaction w
2§t ERSRthR 1o DOaUS S Aaser ah Sh M maY b enapaed in the
aghesus pisee df@ lrpels@ms ablelerl viijtesn éntﬁmadtyhue aftqga? ]gmemba&ﬂnes are
els .o

t
cafiest Qrrelshes DRI B)F PROPTG-T 71T A0 Souijameny, Antibody
or antigen-laboled lipbsymes having watdrisolubs mmeﬁfeﬁ_t orsiweH-fiyorescent dyes
onlE5 5 PULE SR BREID 9618 5,00 GBI S0 Wi
llpE Eagerick@ Imitd haye a&o%én dititddas @Ss@/ fe bhalgtet @apable of entering
det erm ni n

inth gt R0 e el B ot wisLinR it B ipty ofSrtten.
Deltqargumte&ma_}oe_ém@a;d tqmleage thd ayasl frmﬁagaeaiquemaphase ofgthe
inpiios: RSV o B TR Ea et Bt St Biting
assayts, bat orenorahorgerhenddal agtimtm@lstebs@xe/gam_llymdeaeq Fluorescent
B e I N N R

phot osensiti zer, singlet oxygen is generated and
[O(ﬁﬁ)tji vat . é.*lfat.cﬁgéﬁé,éﬂ&ﬂ%sé’n%“é,7og,994 discloses a method for
determining an analyte in a highly sensitive assay format known as a Luminescent
Oxygen Channeled Immunoassay (LOCI) using a label reagent comprising a first
specific binding pair member associated with a particle having a photosensitizer
capable upon activation of generating singlet oxygen and a chemiluminescent
compound capable of being activated by singlet oxygen such that upon activation of the
photosensitizer, singlet oxygen is generated and activates the chemiluminescent
compound, wherein the first specific binding pair member is capable of binding to the

analyte or to a second specific binding pair member to form a complex related to the



conpound, wherein the first specific binding pair

nmenber is capable of binding to the analyte or to a
waewsn48peci fic binding pair nmenber to form aPCDOR100X022792

related to thepresence of the analyte; the

phot osensitizer is activated and the anount of

| um nescence generated by t¥e chem | um nescent

conmpound is detected and related to the anount of

analyte in the sanple. [0010] U S. Pat. No. 5,807,675
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generating singlet oxygen, wherein the photosensitizer
is associated with a first specific binding pair
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fl uorescence energy transfer inmunoassay (FETI);

enzyme. i nhi bi tor inmunoassays (Hoffman LaRoche and
[00dalpot t  Liddmogdnebus imuhdassagsineriteh ipid unriezassaoy to separate the

[ noassay_ ( licker Il Se.
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oo 580 Tl e meR Rk A, Mol Relagts FHA) YEGRRE (R
chemiismineistent éammieCldvétouSlini¢aianalyzers in which such homogeneous
and heterogenous immunoassays are commercially available and these are generally
quite complex. See for example, U. S. Patents 6,074,615 and 5,717,148 and 5,985,672
and 5,635,364. From a consideration of patents such as these, it becomes obvious that
many challenges are created when clinical analyzers having automated immunoassay
systems are to be enhanced in capability with the additional automated ability to
perform sensitive Luminescent Oxygen Channeled Immunoassays.



many chal | enges are created when clinical analyzers
havi ng aut omat ed i nmunoassay systens are to be
wenivanoesd i n capability with the additional aupCIES™®A4/022792
ability to performsensitive Lum nescent Oxygen
Channel ed | mmunoassays. SUVWWARY OF THE | NVENTI ON [ 0012]
The anal yzer of the present igvention allows for
various di agnostic assays to be perforned on a single
system and provides for higher sensitivity as well as
faster processingsSipsadRyY @€ TeEdNVENTQONNE aspect of
the invention, an automated includes a plurality of
cuvettes, each adapted to contain a reaction mxture
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cuvette transport mnmechanism Further aspects of the
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raw n C rma part o is application and in
clajps mﬂt 9?5"8\8’*1&? %P{a@fd fe§‘§'pi{°'§'cherrati c Slpan vi ew of an
automat ed anal yzer illustrative of the present
invention; [O i | ar matic pl an
view of a pgrgﬁ# 5#%9@’!{@%{5&*@#39’3%%@5 [ 0016]
FIG 3 is a perspective view of a reagent contai ner
ful in the al r of EIG 1: [0017 I 3A s a.
OB s pect eln\v/e?rﬁ‘nwg%ﬂf §e oare Igypéﬁrsgqﬂd&ﬁrgﬁ'nq%og@wmg defailed
desaiptien trereoftaked iniconhdetioanainthe acedmparsingldrb@hb8lwHitiGorm a
6 I§..a 5) rspectiye vi.‘ehvy of an aliquot vessel array
pa tofafr};\@@ @ﬁa ion and in which:

[0014] FIG. 1 is a schematic plan view of an automated analyzer illustrative of

the present invention;

[0015] FIG. 2 is an enlarged schematic plan view of a portion of the analyzer of
FIG. 1;

[0016] FIG. 3 is a perspective view of a reagent container useful in the analyzer
of FIG. 1;

[0017] FIG. 3A is a perspective view of a calibration solution vial container useful

in the analyzer of FIG. 1;



handling unit useful in the analyzer of FIG 1; [0019]
FIG 4A is a sanpling probe useful in the analyzer of
wo-2@5/01048§ 0020] FIG 4B is a wash station usefpRCT/Us20041622792

anal yzer of FIG 1; [0021] FIG 5 is an aliquot vessel
array useful in the analyzer of FIG 1; [0022] FIG 6

is a schematic plan view of azcontainer transport
systemuseful in the analyzer of FIG 1; [0023] FIG 7

is a perspective view of a container shuttle useful in

[00183 anal mizey i9h peldpective Vi@ Sfhn Blidaot Jedsel arrtﬁﬁ ERPAS dree
e

view of a container tray shuttle useful in
haggling ynit ussful i) e apalyzebdf]IGEIG 9 is a view ng screen

useful within the present invention; [0026] FIG 10 is

a perspective view of an ion selective el ectrode
[O(M.Sisuri g G ddiig a sgawiing Praberisaiu Fethp @Balyger ¢filenti on;

[0027] FIG 11 is a perspective view of a photonetric

neasuring device useful within the present invention;
338, [ 0026y 4Bies veshisiatienssebl e PEalPERTEICH L oo

nmeasuri ng device useful within the present

i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON %029]
[0@21E 1, FlScens ap efiayot gessel agavbweefdldn manalyger ¢f Fita 1;

el ements of an automatic chem cal analyzer 10

conprising a reaction carousel 12 supporting an outer ]
0022 et t e 'EJ%( 8us aschemafic plag View e eontringrdranspeid sieigm useful in
thd BedIfiel ofPRG.@N i nner cuvette carousel 16 having vessel

orts 22 formed therein, the outer cuvette carousel 14
i nndflCGe hiea PersPgeidesdew oba sentaies shidia usefubip the analyzer of

Fl@pen groove 18. Cuvette ports 20 are adapted to

receive a plurality of reaction cuvettes 24 |ike

di scl osed in co-pendi ng application Ser. No.
[062H) 949, 138, 8355 PRRPER VIS BF S cORGMePiray BRuUtRE GBS in the

I nvention and contai ning various reagents and sanple
anplygeidd$1®ot: conventional clinical and i munoassay

assays while vessel ports 22 are adapted to receive a

| urali tly of reaction vessels 25 that contain

[0038d i al i FAEd 9riea yieming seeen usaful-withimthedesarnt inveption;

[0026] FIG. 10 is a perspective view of an ion selective electrode measuring
device useful within the present invention;

[0027] FIG. 11 is a perspective view of a photometric measuring device useful
within the present invention; and,

[0028] FIG. 12 is a perspective view of a LOCI measuring device useful within
the present invention.



| um nescent i mMmunoassays. Reaction carousel 12 is
rot at abl e using stepw se cyclic novenents in a
w@ovshars9 di recti on, the stepw se novenments beP@yUS2004/022792
separated by a constant dwell tinme during which
carousel 12 is maintained stationary and conputer
control |l ed assay operational-8evices 13, such as
sensors, reagent add stations, mxing stations and the
i ke, operate as needed on an assay m xture contai ned
wi t hi n cuvet DESAREDADESCERART IOMOFERHE IMVRETIGN030]
Anal yzer 10 is controlled by software executed by the
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cost ectlive S an reacti’on
S’féﬁi@n%\ﬁm hedirei eparate ammtdteé@nm aszBy whiktlee ¢antaihed within cuvettes

4raﬁ898§6t|b}4%§§’é|§§§e| s 14, 16, or may be noved into the
detection units 17A, 17B, 17C and 17D, by a

conventional cuvette transporter (not shown). [0031]

[0d3'€)]t he eXHRgeedls ntoled By gcl {Rard ex%&ﬁe@@?tryezﬁné&ﬁr 15 based

i nCl udes a ‘detection unit exenp
on GAMPHEI REARIES Wiidier it @ maghingtlanpuage dike dut usemmn ész Bimcansion®

cnrﬁéal %hér%?r& 'aﬁQIyEéP%toW @é bAdOBEhMg fndEof ﬁ@eﬁf:éli? ”ILV &haSlidely used

. Preferably, tector |sac
by Fhﬂﬁ?ﬁbi’fﬁ‘ﬂ sy the 2d Qf rcomp@tﬁérharsedret@@tmmechaﬂ@l CMﬂr@j programming.

Colr?\repgfeg :1 @kl?elléb e)@%ﬁtés@?pﬁ&ﬂﬁh &bftlvSreGRBE Ay fof péﬁo%ﬁgog%says
conducted by various analyzmg means within analyzer 10. The analyzer 10 according
to the present invention includes multiple detection units 17A, 17B, 17C and 17D, each
including one or more detectors. In a preferred embodiment, each detection unit 17A,
17B, 17C and 17D, is adapted to perform different measurements and follow various
analysis protocols that the other detection units. The diversity of detectors allows
multiple types of tests to be run on the same system, thereby increasing the likelihood
that an analyte can be determined by an assay that is most appropriate for that

particular analyte, e.g, an assay that is highly specific for the analyte, is accomplished



| um nonmeter preferably is configured to allow the
anal yzer 10 to perform | um nescent oxygen channeli ng

WO povanorssays ("LOCI"). LOCI assays provide siPpei/iismas022792
advant age over many conventional i mmunoassays run on
aut omat ed anal yzers because LOCI is highly specific
and can be perfornmed w t hout-9yrany of the timeconsum ng
separation steps typically associated with such
conventional inmunoassays. Furthernore, LOCI is a
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detictbr & @ comleatiemdl duryinometar| 17Tl O‘r@smmnuaﬁmqnnem&d 17Ch&ore
{ect t
ore B ol omel e 8IS Ae 7 DA TR e 1
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adesrdage oveumidrgreonrentidnhkimoovetasesys2tin @andiubsméated analyzers
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m hescence, however
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capabi e anal’yzer. For exa
phatesénsitizar iretheipnedamde oha pladtculaeaealyker Cptimallyj therniremilumiscent

coBhuPlsprBth e, o ictiaeth, g BEEliodh THE snglet orygenys
prefevablyqirodupedbydeadisting thg photosepsitizase Thiedight emitfed by the
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of aralyet | Accoudingly, ltbl@rqeﬂwh@r%tmeyl in tel sidegeyasea aa oreh‘enaply include a
phobEiiRE ahd B oHpIdre ARG, Yheriitinhedtedtohdund. The detection unit
17C preferably is surrounded by an environmental chamber (shown in dotted lines)
which is adapted to shield the detection unit 17C and the sample being analyzed from
being exposed to environmental light, which would be detrimental to the assay.
Furthermore, the cuvettes 25 and/or the accompanying carousel 16 may be configured
to shield light sensitive reagents or reaction mixture from surrounding environmental

light.



sel ective el ectrode. [0033] Conputer 15 is interlinked

usi ng known interface software applications with a
woawsnui4eyy | nformati on System (LI'S) and/ or a POBpPB1084/022792
Informati on System (HI'S) so that information

concerning patients, patient assay requests, assay
results, analyzer status, andl®he |like, may be

i mredi ately accessi bl e as needed by | aboratory

personnel . Conputer 15 includes an operator interface
[A932]l e typhe emginingrdetdctiomgnits K64, 00a, d 7Bnthayesa ey adapted to
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e Insta ] a nal unct I N an zer
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mgmﬁ&e?eﬁéa nWIG s;yeagn&néﬁa.feterwg}desof%%te&aﬁauMA an ion
contalnlng S I'ven reagent
%%%$é@ﬁ@¥”€ﬂﬁhas features to enable analyzer 10 to
automatical |y determ ne whether a reagent container 30

i s new and unused or whether the reagent container 30
[@833been FPEWLIRISISYS infertinkadcsissiIoMninteeiaeprsoftware applications
RN BEDAIBICRLIMBIRNAICATS Rt AIST oY AbSSfal Aloitation System (HIS)

inttially aced onto "an anal yzer shows
dhabplarmgHory FRIceEipg péﬁ*erém@ﬁﬁ@taﬁslsahgeqyaﬁHSbm%ﬁsults analyzer

StLEL drRNBe Bke K’ﬂé’%"'ﬁe ﬁﬁﬁbﬂbﬁalﬁ@é&%&bfeaéé el by Iaboratory personnel
allbratlon solution vials 30V, the solutions beingt

%‘Hﬂﬂ‘t‘}@f wndudes G Perater latarigae Mrdulpuypicely cUpRsHIg keyboard

éHdQﬁSﬁitHr%‘é a\Ma‘tJﬁlaﬁeIQB@W\ﬁéhmégcre@ﬂ|dr Bie2hidedBn Wh‘f&h lnformatlon about
carriers sQ i nventoried zer

WPHPW’“P@%%%S 9? 6@%@?@&#’@&&62@'%?7“%'3” ‘P%G@?P yR and

displgydoesitviineinaly heititdteafdafly BidbBoed GkeSiATRE fstaHe® of a malfunction
trans ort s stem 36 having |nput | ane 34A and out put

e analpzer i)nsports i ncomi ng individual sanple tubes
40 cont ai ni ng Iqu|d speci mens to be tested and

IR “or ' Repatatiressiiplitrepptitis'arage pives 2 € FHAS Jore

mman@ruﬂ gt @@ﬂbaﬂmbhpéloﬁ}é“te ré&@enﬂé&rﬁ&ﬁer&hoﬂlk@&ﬁatgmﬁﬂ'ated in FIG.

ass nee 0O e resent nventi on.
4 900 PR e Rege e g PeesBh BIRa Tolh SRy Shsayatbing ryiher of well

3, eaeladiengob@inimpgethuch as 3.4 mL of a given reagent. Container 30 has
features to enable analyzer 10 to automatically determine whether a reagent container

30 is new and unused or whether the reagent container 30 has been previously used
and possibly become contaminated whenever a reagent container 30 is initially placed
onto an analyzer. FIG. 3A shows a calibration vial carrier 30A containing calibration
solutions of known analyte concentrations in calibration solution vials 30V, the solutions
being to conduct well-know calibration and quality control procedures within analyzer
10. Calibration vial carriers 30A are also inventoried upon analyzer 10 within reagent
storage areas 26, 27 and 28,



i ndicia placed thereon using a conventional bar code
reader to determ ne, anong other itens, a patient's

W0 d@aniwyy tests to be performed, if a sanpl e BCT/USIIN4/022792
is to be retained within analyzer 10 and if so, for
what period of tine. It is also commopn practice to .
pl ace bar coded indicia on sagmpl e tube racks 42 and
enpl oy a | arge nunber of bar code readers installed
t hroughout anal yzer 10 to ascertain, control and track

[0035¢ | oc piciireefiorfRMRbMiigdRPot§oing dampratliBe trahspdresjstem 36
42. [0036] Sanpling probe 44 conprises a trapsl atable

haying it BRR AR GBE 1o U FRARPORS JRERTO BIWGR PRTIGle tubes

40 {bAtafindIRRAd sRR5mans Bise febleBREGhoulled MesamAiTd ibe rabBis 42 into
transport system 36 and an ali ﬁgot vVes arra

M . I el .

the saspRIBErangs Q2 lifuid samRINGRERPE ,Fllked'%fosgaﬁw?%snﬁwabe
apﬂiﬁ:ﬂtiéﬁ? S%ﬁfh{b. i 0{&%@14%2 33@ kd m@%ﬁaighigé bz% ;f/tvbs@ft ig\x@ntion.

C44H, a vertl cal, lve a S e a Fu
Liayistinssimens %&e'%e@négﬁsq'%@b%\é\ﬁ@ée e biepacifig bar coded
inditid ﬁllabad fHdal?@dbri @514129 _d%aﬁ\vériﬁeﬂ?libatr todd Qe.al;ie?ﬁ (fmlarrﬁge,tahﬂéng other
.. Sa 1 Ng pr. e, S eraple 1o _asplr e. |1 gul .
togay b PRI i fo5tS ECP oIt et 1 8 SBimefiesliauofl dee geigined
witﬁwmilag/zbﬂz@aﬁm sler forphat ;(55762rio@| diltiviealitiis wslozrc&vrmeb@cﬁ&\/to place

I n I.guot vesse rra as, seen |

DaEEAITIG oSN R e P 49 S ARPEY AUgise s of ber code

red¥Rfd PERNED thro GgHOUS BhSlyAH 06 adtuhdin) cah#ol ghdawiottend ication of
t to, be ret %—Q@d by anal yzer 10 within

sanpl e al iqu
Sa@ﬁ@ﬁFBﬁﬁﬁggﬁ sgRRiafHbe B¢ le 1 Module Primary

Functions Horizontal Drive 1. Position Vertical Drive

V over_ sanple flujd tubes 40 on rack 38, oyer
100383 v G RIBY Surte HhepBres LaTARY Jiud samffpobg 48 so
thagﬁfb_v@m@ht & s%&i]ﬁirg @rrwtzdtdk;a@cﬂtﬂ@ ét‘ealtiimafseallrilg/melsample tube
osition a_ sa Ing probe 44P at vertjca itions .

wansporiyRteas 3F AR B PTG VBReS) 8L rapEhart PgIRR S0, 85 PR in FIG. 4.
SafpifeprdhR 4o ¥en InfRIGHAA RPAIPriddsSa borizomanptive 44H)izdlVertical
Driggg%ygg }/\l%g[ﬁ&?urlén 42\%/, IaI thunhg I\/lo%\tljf%l 44(I‘EI ansca g%lgarrsknugl Iﬂocljuqe 44C
having the primary functions described in Table 1 below, so that sampling probe 44 is
operable to aspirate liquid sample from sample tubes 40 and to dispense an aliquot
sample into one or more of a plurality of vessels 52V in aliquot vessel array 52, as seen
in FIG. 5, depending on the quantity of sample required to perform the requisite assays
and to also provide for a sample aliquot to be retained by analyzer 10 within

environmental chamber 38.



40 4. Monitor aspiration quality Wash Module 1. Renove
contam nation from probe 44C with |iquid 44W cl eansi ng
waelaniees Cl eansing 1. Ceansing interior andPErRUS20040022792
surfaces of sanple Mdule 44C fluid probe 44P Punp
Modul e 1. Aspirate and di spense sanple fluid 2. Wash
probe 44P 44P WAsh Mani f ol d-fp- Connect Wash Modul e 44W
and Punp Modul e 44P 44Mto probe 44P [0037]
Envi ronnent al chanber 38 is operated by conputer 15 to
ensure that the sane patienapjgci nen is tested a
second tinme followng a previous first testing. For
reasons of processing efficiency, it is sonetines
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egond sanpl e al i qURANSIAGSOABEIONSI ckly renoved from

t hi nenvironmental chanber 38 and tested on analyzer
pCleengipgby sayilngCleanginginterior and exieriosuifasgs Pbsample
xeebusaae pat ijentfuippEPrgdPt o be tested. [0038] A
nventional ign selective electron neasuring station
7ouegiigsiiel wiltlh Aspiteis ard fispense sampleflaidt i ve

g4bron probe |#9 Wagh pebesidfeni ent |y | ocat ed

oximate aliquot vessel array transport system 50 in

r Wash idandfeliduct!. i GennechWash tdodule 44W and Pump Module 44P
to probe 44P

44M

[0037] Environmental chamber 38 is operated by computer 15 to ensure that the
same patient specimen is tested a second time following a previous first testing. For
reasons of processing efficiency, it is sometimes desirable to automatically reprocess a
sample aliquot that has been retained in within environmental chamber 38 for a
predetermined period of time. Incoming samples to be tested may be identified by bar
coded indicia placed on sample tubes 40 to determine if a sample aliquot is to be
retained, and if so, for what period of time. In addition to a first sample aliquot taken
from a patient’s specimen to be tested, a second sample aliquot is also taken from the
same patient’s specimen and is retained in within environmental chamber 38. If it
becomes desirable to re-test or additionally test a patient’s sample some period of time |
after tests on the first sample aliquot are completed, reported, and analyzed by a
physician, the second sample aliquot may be quickly removed from within



measurenents on sanple aliquots aspirated fromvessels

52V by probe 49 and di spensed into the ion selective
WE@bk@®sni1@sy measuring station 17D, seen in FI G ROI/US2004/022792

[0039] Aliquot vessel array transport system 50

conprises an aliquot vessel array storage and di spense

nodul e 56 and a nunber of |rt@ar drive notors 58

adapted to bi-directionally translate aliquot vesse

arrays 52 wthin a nunber of aliquot vessel array

envirarrkental/chaeiben3a apdrsted as phalgzeror), drulels) savimsttmeaswell as
Xi.mate .reaction caro%sel 12. Sanpl e

g SR ST R e ten PR Eerol | ed by

conmputer 15 and is adapt ed to aspi rate a controll ed
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prapeni4d ared tHeo, liquideprpbe b4R istsbiitEtRo andisEdRirgUbsxipneviidry an
oD O 7ol A8} A6SURARIIN oBSE1 s 20
cthte_km’tsﬁmﬁoﬁ fetiag by 6a&yzard Odfbsonaisemofecanagps. rAftar sgmple has
R S R e e e IR
vesaetiatays Pdhs prapired beteeenatiggstaregsel @rmy sanepqt system 50,

en@RAALIALABMERR 3L ¥AG h didhosh el RIERoRRPIOLP and 62P

equent I'y berng SA 'a ca ration sol ution
di spensing | ocation where sol utions(s) are di spensed

[Odiﬁlo r eg&hbr‘ﬁﬁerc&‘ 1EL4& afr AR A YisHRRbe B¥mERE! §750P62 each
comprising at least one conventional liquid reagent probe, 60P, 61P and 62P,
respectively, are independently mounted and translatable between reagent storage
areas 26, 27 and 28, respectively. Probes 60P, 61P and 62P are conventional
mechanisms for aspirating reagents required to conduct specified assays at a
reagenting location from wells 32 in an appropriate reagent container 30, the probes
60P, 61P and 62P subsequently being shuttled to a reagent dispensing location where
reagent(s) are dispensed into reaction cuvettes 24. Probes 60P, 61P and 62P are also
used for aspirating calibration and control solutions from calibration solution vials 30V



[0041] Reaction cuvette |oad station 61 and reaction
vessel load station 63 are respectively positioned
wWEe@sones®e outer cuvette carousel 14 and i nnerPUEES®N4/022792

carousel 16 and are adapted to | oad reaction cuvettes

24 into cuvette ports 20 sideways as described | ater

and reaction vessels 25 inta4vessel ports 22 using for
exanpl e a transl atable robotic arm 65. |In operation,

used cuvettes 24 in which an assay has been finally
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redib8 b8 e K HaFRy SRR ALERY BN & B BEn GRARANY ddiying
mehirbRis & 780 dkassegineti Gt 4B} duchasf svhigheie mﬁeptehéernlymutlvely

ach iRl ot L B 2 PieBh R RPRRab. HetehaRHLARy B¥ dentity

of the axsap yoisarudtlodnd riext be‘fcfrmed ip &t ozantidn |cuveitec:2£teéimwer wash
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[0042] Subsequent assays are conducted in cleaned used cuvettes 24 unless
dictated otherwise for reasons like disclosed in co-pending application Ser. No.
10/318,804 assigned to the assignee of the present invention. Computer 15 is
programmed to determine not to reuse a cleaned used reaction cuvette 24 whenever
an assay scheduled to be next performed in a cleaned used reaction cuvette 24 might



anal yzer 10 so that whenever certain assays are
schedul ed to be next perforned in a cl eaned used
WO e@sni@sy cuvette 24, the cl eaned used reacti oPCUSED/€22792
24 is automatically renoved, discarded, and repl aced
with a fresh, unused reaction cuvette 24. Conputer 15
may optionally control analyzdb-10 so that whenever an
assay is scheduled to be next perforned in a cl eaned
used reaction cuvette 24, and the sane assay was
g agvessRly pffecied by moy contatrinants eesmaining Sech the@ssaypreviously
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slots in at |east one slotted reagent contai ner tray
&)g or 28T W|th|n r eagent stora% areas 27 or
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cal i brati romreagent contai ner
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WO iCc rea rouse an
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%&nﬁ?ﬁbf%ﬁﬁqigfn,a%ﬁgﬂeg& ?s%té/gp Sgra%i:ahggtséd %8 rearTSfO\}eoreglggl%eco%PaB{ners 30 or
calibration vial carriers 30A from reagent container trays 27T and 28T and to dispose
such reagent containers 30 or calibration vial carriers 30A into either of two concentric
reagent carousels 26A and 26B within reagent storage area 26. Shuttle 72 is also
adapted to move reagent containers 30 and calibration vial carriers 30A between the
two concentric reagent carousels 26A and 26B.

[0044] As indicated by the double-headed arc-shaped arrows, reagent carousel
26A may be rotated in both directions so as to place any particular one of the reagent
containers 30 or calibration vial carriers 30A disposed thereon beneath reagent



containers 30 or calibration vial carriers 30Adi sposed
t hereon beneath reagentaspiration arm 60. Although

w0 e@genuscar ousel 26B may al so contai n reagent PCT/US2004/022792
containers 30 and calibration vial carriers 30A
accessi bl e by reagent aspiration arns 60 and 62,
carousel 26B is preferably desbgnated only for storing
excess inventory of reagent containers 30 and
calibration vial carriers 30A. Any one of the reagent
aspiraiornanns 6 8.AAlthosipl seahenh careags 26Banay also eonthinagagét Containers
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the\eeddn® vedtish. adapt ed to mai ntain a constant

[0046] Container shuttle seen in FIG. 7 is adapted to automatically compensate
for unknown changes in length of a drive belt 72B driven by motor 72M by an
automated tensioner 72T, disclosed in co-pending application Ser. No. 10/623,311 and
assigned to the assignee of the present invention, and adapted to maintain a constant
tension on the drive belt 72B regardless of rapid changes in its driving direction so that
reagent containers 30 and calibration vial carriers 30A attached thereto by clamps 72C
may be accurately positioned along the direction of drive belt 72B, as indicated by



tension on the drive belt 72B regardl ess of rapid

changes in its driving direction so that reagent
w@ovsalrer s 30 and calibration vial carriers PCT/US2004/022792

3QAattached thereto by clanps 72C may be accurately

positioned along the direction of drive belt 72B, as

i ndi cat ed byt he doubl e-ended d7row, and di sposed at

their intended | ocation beneath reagent contai ner

shuttle 72 or within storage areas 26, 27 or 28 as
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of conputer 15 include the ability to automatically to
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anal yzer 10 is the ability to tinely re-supply reagent
containers 30 into reagent storage areas 26, 27 and 28

WGI e the k&;ﬁfeetbt Bl mgintaiing dn bbﬁmagﬂaé@ey itm‘Bughput within analyzer
t e bili

O RS Pl G fesunERGRn tanataiints 2D e kagasy storage areas 26,

2phnd 28 mefdre the reagents contained thereln become exhausted. Similarly
important is the ability to timely re-supply calibration and Quality Control solutions in
vial carriers 30A before the solutions contained therein become exhausted so that
calibration and control procedures may be conducted as required, whether this be
based on the basis of time between calibrations or number of assays performed since
an immediately previous calibration or number of assay results outside normal ranges,
or changes in the performance of the analyzer. This challenge may be met by timely



vial carriers 30Abefore the solutions contained

therein beconme exhausted so that calibration and
weonwsnul48pr ocedur es nmay be conduct ed as requi rBC/US2004/022792
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results outside normal ranges, or changes in the
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assay throughput of analyzer 10 uninterrupted. [0049]
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illustration of the anal ysis nmade by conputer 15 nmay

ound i,n Tahl e ) rein aver age ass demand
13540 naucagmermab s SR of e B TAIERY cORBERH 15 may be
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e 5B o] BRI ke Sh uscateny Bpf by ol i Bl s
Tussdays, dbr BatslayO2] Gietatiniay, drel BONdsI¢2%R] 11140 saml @50, respectively.
diff r)re% r%%%?q o .
In'vie the nu of assays that may be conducted in single different reagent
containers 30 containing the reagents needed to perform Total CO2, Creatinine, and
BUN assays, and considering the on-board inventory of the different reagent containers
30 as indicated, it is clear that one additional reagent container 30 for Total C02 is
needed for Tuesday and that two additional reagent containers 30 for Creatinine and
BUN are needed for Tuesday. This information is displayed on display viewing screen
158 so that the requisite different reagent containers 30 may be timely supplied into
tray 29 of analyzer and shuttled throughout analyzer 10 as required by a container



containers 30 containing the reagents needed to
perform Total CO2, Creatinine, and BUN assays, and
we@onsiotesd ng t he on-board i nventory of the difPE&r/E81004/022792
reagent containers 30 as indicated, it is clear that
one additional reagent container 30 for Total CO2 is
needed for Tuesday and that -toso addi ti onal reagent
containers 30 for Creatinine and BUN are needed for
Tuesday. This information is displayed on display
travibisom @tsih iR BedrPih MC. Blmbrdeh® memtdis atcenthddugrtridughput within
eagent containers 30 may be tinely supplied into tray
anQUZ%Tﬂ%nalyzer and shuttled throughout analyzer 10 as
required by a containertransport systemlike seen in
FIG 6 in order to naintain_ﬁggo ti nuous throughput
wi thin anal yzer 10. Table 2 %gs Per Assay Averaged
Reagent Additional Reagent Reagent Type Assay

—Cont-alners, I_aJ_ngr_;%O———
p@éﬁﬁ%ﬂe%na a‘%ddditﬁz‘a gagent
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ﬁ‘ﬁomted to Zn Tabl e 1, an1d |nst ead is

Zoppi cal Ty |acteplifle O 1AGT T OF jas many as 1g0- 200

different assays wi-th the eagents rpnulrpd to
ﬁ§9rforn1abdﬂ#N5096cﬂ0§9ese tdn-boar d assaj%" al ways
on-poard analyzer 10 in sStorage areas 26, 27 and Z28.
In an exenpl ary enbodi mrent of analyzer 10, in order to
i nprove assay throughput, the reagent containers 30

[0@AYt ai n'ﬁ(&kﬁo‘@ﬂﬁﬁ@lﬁéaﬁ%ﬂéﬁeﬁﬁé ﬁké’&ﬁél?féﬁ@hé noﬂﬁml?é‘a%(ihe three
asSays" woul d be held in storage area

assaygdehebledneaf insteadis tyisallyiedapigd te ag@m% ermuWraéd 80200

dlfﬂ%?éﬁt%%@%))seﬁlﬁh ﬁﬁ@l‘é’éﬁ@ﬁﬁ;%(ﬁ&t‘é@%b@ﬁoﬂ\ Bbo@50098f fese "on-board
assays" ‘'m ght be divided between storage areas 27 and

assays" ieEys gpdicatanalyzer 404 pigravsrarean 4t 2 2aul 29 dn agLxprplary
enfbRE s bf aﬁan%i& 19C hestbied ilprove réesléﬂhr&%s@at rﬂ% fe ?Gﬁ‘tnt

containers 3 in storage ar ea " e abou
OBy eAnABIRS TREGETTR ISABHER @ BRTHY SbioDRas ESSAYST HGuld be

heFdQﬁgﬁﬁ*égéé}‘éb@Bﬂ@rﬁlﬁe tRO rétR)edlt EShtSIAER F contAhiRg Ped RS redtired to
nd so that conputer 15 is
perform less frequently requested all "on-board assays" might be divided between

storage areas 27 and 28. When operated in this manner, about 250-500 assays per
hour may be scheduled by computer 15 using reagent containers 30 held in storage
area 26, while about 500 assays per hour may be scheduled by computer 15 using
reagent containers 30 held in each of storage areas 27 and 28, so that computer 15 is
scheduling between 1,250 to 1,500 assays per hour. These assay throughput values do
not include about 375 ionic analyte measurements for sodium, potassium and chloride
additionally performed by ion selective electron measuring station 47 on about 125
different samples per hour in aliquot vessel wells 52V.

[0052] Throughput values like those just described may be achieved because
during operation of analyzer 10 by computer 15, different incoming samples 40 for
which different assays are to be performed are partitioned into a number of separate



schedul i ng between 1,250 to 1,500 assays per hour.

These assay t hroughput val ues do not include about 375
wo ewso1Esal yt e measurenents for sodi um pot assPCUS2V04/022792

chloride additionally performed by ion selective

el ectron nmeasuring station 47 on about 125 different

sampl es per hour in aliquot vedkel wells 52V. [0052]
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PREAKS Spértisca TRBHFStiondni&Used in routine operation of analyzer 10. Typically
at least 90% of the viewing screen 158 displays routine operational information that is
used in routine operation of analyzer 10. Routine operational information includes, for
example, information about entering a sample order, checking on the status of a
sample being analyzed, reading sample results, reading a list of the reagent containers
30 and calibration/Quality Control vial carriers 30A needed to be loaded into tray 29 the
next day, and the like. In contrast, less than 10% of the display viewing screen 15S

displays non-routine or advanced operational information that is used in a detailed



a significant portion, and preferably, a majority of
the view ng screen 15S di spl ays routine operational
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anal yzer 10. Typically at |east 90% of the view ng
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that is used in routine opergti on of analyzer 10.
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pushing the wrong button. There is an advanced mode interface, which is available to
highly trained and qualified technicians knowledgeable in the all of the non-routine

aspects of a clinical chemistry system.
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e reagent aspiration and dispense arms 60, 61 and 62 including liquid reagent
probes 60P, 61P and 62P;

¢ reaction cuvette load station 61 and reaction vessel load station 63;

o wash station 67,

e linear container shuttle 72, reagent carousels 26A and 26B, shuttles 27S and
288, reagent container trays 27T and 28T,;

o tracking reagent and assay chemical solution consumption along with time,
and date of consumption of all reagents consumed out of each reagent
container 30 and assay chemical solutions consumed out of each vial carrier
30A on a per reagent container, per calibration vial container, per Quality
Control container, per assay, and per calibration basis, for specifically
defined time periods; and,

¢ scheduling between 1,250 to 1,500 assays per hour.
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27S and 28S, reagent container trays 27T and 28T,
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e i rieobins F ST = Aast Po% BT REFoPRaRErom or
reé&&%ﬁly%@@éﬂed 89 dd ;bl@dentaﬁ/emﬁbﬂ\ and the foregoing description thereof,
without departing from the substance or scope of the present invention.

[0060] Accordingly, while the present invention has been described herein in
detail in relation to specific embodiments, it is to be understood that this disclosure is
only illustrative and exemplary of the present invention and is made merely for
purposes of providing a full and enabling disclosure of the invention. The foregoing
disclosure is not intended or to be construed to limit the present invention or otherwise
to exclude any such other embodiments, adaptations, variations, modifications and
equivalent arrangements, the present invention being limited only by the claims
appended hereto and the equivalents thereof.



many variations, nodifications and equi val ent
arrangenents will be apparent from or reasonably

weoggesser by the present invention and the foPEmUSI0094/022792
description thereof, wthout departing fromthe
substance or scope of the present invention. [0060]
Accordingly, while the presep4- i nventi on has been
descri bed herein in detail in relation to specific
enbodi nents, it is to be understood that this

wdlblgh:osure is only illustrative and exenplary of the
present invention and is nmade nerely for purposes of
providing a full and enabling disclosure of the
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a sanple an ["east
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tTansp or nechani sm a
mdcbanieme at | east one of the cuvettes to said detector;
and a control nechani sm adapted to control said
detector and said cuvette transport mechanism 2. The
2. aut Dmeaeidmatel gredyzeodbf daiai it furthéngonisising@airast pag other detector
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a reaction mxtur east one sal
cuvedtest i on cuvettes. 3. The automated anal yzer of cI aim
2, wherein said at |east one other detector conprises
a photoneter. 4. The automated anal yzer of claim 2
3. wheTké¢ audaiatecandlyzes of dain 31t Weereiezadd dldpagiameratergdejector

coﬁwwﬁ?ésdé) Bﬁ{)t%r'neter.

4. The automated analyzer of claim 2 wherein said at least one other detector
comprises a turbidometer.

5. The automated analyzer of claim 2, wherein said at least one other detector
comprises a nephelometer.

6. The automated analyzer of claim 2, wherein said at least one other detector
comprises an ion-selective electrode.

7. The automated analyzer of claim 2, wherein said at least one other detector
further comprising a third detector adapted to perform an analysis different from the
other detectors.



5. The automated anal yzer of claim2, wherein said at

| east one other detector conprises a nephel oneter. 6.
wab@sauuenat ed anal yzer of claim 2, wherein saPCI/as2004/022792

| east one ot her detector conprises an ion-selective

el ectrode. 7. The automated anal yzer of claim 2,

wherein said at | east one ot-ber detector further

conprising a third detector adapted to perform an

anal ysis different fromthe other detectors.8. The
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otivdriteteattesect ors. 9. The aut omat ed anal yzer of claim1,

wherein said reaction cuvettes conprises a first set

of reaction cuvettes and a second set of reaction
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claim1ll, wherein said at | east reagent further

conprises a chem | um nescer capable of emtting |ight
11upohhe saictriated analyzes ofighiat 1 owlygrein. said at least one reagent comprises

a sensitizer capable of generating singlet oxygen upon absorption of light.

12. The automated analyzer of claim 11, wherein said at least reagent further
comprises a chemiluminescer capable of emitting light upon reaction with singlet
oxygen.



