; hi e3ezw| 6VTLP2 9 AUG 200 Method and Apparatus for Perform ng Chem cal,
Qualitative, Quantitative, and Sem Wiantitative Analyses of a Ui nep $ayupl2607
TECHNI CAL FI ELD This invention relates to a nmethod and apparatus for

anal yzing a urine sanple. Mre particularly, this invention relates to a
preferably di sposable urine sanple hol der and a net hod mm or using
the sane to performchenical) qualitative, quantitativ lm MM

sem -quantitative anal yses of a subject's urine sanple. BA% ROoU

Urinalysis involves chem cal testing of the urine for clinically i rrportant
chem cally detectable constituents and paraneters, and exam ni ng

cent ri f udéethoddindehnparaiumioniertoriing Ehemical, QualditativagQuantitativey anddeni-t o
identify and sem -quanti tﬁfaﬁtnﬁh@? Rh?@g&& th;\g Qodl es in the urine. A
general discussion of the presen the ar reI ating to urinalysis
is presented in an article authored by Jonathan BenEzra et al, in Cinical

Chem stry, Vol 44:1, pages 92- Q&g@%@ALﬁE[@ cal testing of a urine sanple
general | y i.nvol ves anaI cFJanFe urine for one or nore of the foI | owi ng

const it ue rhg'nvamﬂfbgeéate od ane ABPRIAIUSIPE BRRIYZNG @riiRe SAMRISt es; red

bl OOdbCE|N/16rean$Hl1lél.g3|W hms’mﬂe@hbmrelh@uKg@yﬁr@fa@@élﬁUwegatﬂﬁ,urmé%brdplélog' n, g
ascorbic nd_s |ty se varl ous, deterni.nati ons are nade
t hr ough tq?gd%saé% Qﬂlﬂdpé'}‘f@% \ﬁfﬁ&‘%qf‘ﬁaa@ec‘ﬁaﬁﬁem' 2 t bands printed
t her eon. dEatitatisle pguantikativar and semiequarditative analyiseb ot afsubjecBayene Gampde.at i on

of El khart, Indiana, as well as other commercial sources. The dipstick is
dipped into a well mxed urine sanple, and after a tine period of thirty
seconds to two minutes, the vari BACKGBOUND AMBTids are visually or optl cally
exam ned Uﬂ’r‘ialfé?é Wvo%@'&ﬁ@ﬁncaﬂl%tnﬁ%‘@fiﬁw%ebﬁr Eﬁrﬁé‘a”ﬁko%ﬁﬁﬂﬂﬂaé ch o

preprinted co hart 1n ord rmne

const i t uetftectgblesongiipalsangdhaiamatess @ansexamining cgntrfugasssediment f(ﬁmﬁpt ically
scan t he tHepsink Ganphsl uhde eayhiftiah @old&&bnmw aﬂideaékhrJQéiarﬂ&at@Qh@r intensity

G ont | yPaSete MR b it Rito8 Rl R LSRN of e S B A bands

do not ditheianyelatinglty siddalysid ibpresdntedlih anfariicie authared by dohdtbani Beat | s, si nce

Y oEd, ok, TPl oty Y418 HedShs gy LoLt on on the bl cod

be acconplished. The range of sone particul ates, such as bacteria, may vary

by as nuchheéficai testi 5faﬁhh§ sampid gédafalﬁanw%g&%?ﬂ B gﬁr@b"fcir"dﬁ%o? dry

coating of aco or S acri meg solved in the

o L ek e 15 Bing BSmuients:. olirane: PRI jketags: 5logd: BBHEBNG! emont o
such as hhitiees; ced bmoairtséubanuenreea\emgxdsbmmumvm estertset pHt b®bilinogim; sanpl e.

vhen o121 A8k o2 aRRLRAAR R TeB VAR IREN AT ook ord BcRfR RS CT v
parti cul alh@sUSQrOégedethK hawr@e/aﬂyuschem@ablfeagaet bansiseringed tmaecm;t uelsti ¢ 540
nm and 62«9p§tr8k§ 'aHé’ESﬁuﬁ?éPﬂaW%ﬁlhBl@sfrd?ﬁ@&ggéﬁg@%ﬁaﬂ&? df'@g}@&l “ncgﬁﬁaﬁéio nm

range, which 1s due to ul t ous
bact eri a, Walhas pHer &BW@‘%W%"?@S s'afﬁ\%dpﬁt'(ikr‘ﬁldéppeﬂhﬁ'@@%g mixgchveRe, and

ot her | esgarfi lewaﬂtef éﬁ’rﬂ@ p@ﬁbf&bﬁih‘ﬁ‘t)‘ $bcohbs B twmlrﬁﬁéé Bid Garfbus rlaa?%rgm Lj‘r ly

di stinguis fromcellular particulgtes, such
cells. am%aargaﬂ v oF ARl hen ot dhanare. ThS Pahieoan B8 oot 2l he
bact eri a. viSigalyeontpared to & prepriatgicd|dr manenformteld@wmmwa?&emmmmwt o about

i crons. 1+ 5ecth 3l fhe Bpfistud B B ety oind MEREERH, s BlebrdSiplaed ™
possessi neptwally scamtie dipstickand theriebi obtain mstrumlems temidingsaf cokoe mienatypos sess.

tacoTi ot RRGNAIRNIROUBE bR AT inalnbnd PBndREfPedy diios. SaRenty
crystalli an\éallpbhetm&tmraeretg foraoptically smarmrngofaetdmmbhtbasdadd nod d@bn@msb
quanti tatsswﬁédmbsae@gfrg@ H{g@%l&&acaﬁé&mx& lyseg raﬁ bRRERR cFéal?é‘% the

vol unme of “each vi sual nown as ying the area
of the fid@fferest, cplasndistipition @rsth@chhmchmnd mntdq»snmuﬁatblmd pel@ fWBhd of view
which can be determined in situ. Athird chamber is preferably provided in
the sanpl e hol der for concentrating a portion of the urine sanple so as to
enabl e identification of particles in the urine whic ify the
presence of a rare event. The third chanber is connem‘mmmﬂ‘mmmmr| ne
source well and includes a water-absorbant [ayer into whjgh,90-95% of th
water content of the urine is absorbed. The third chamber a so i ncl udes a
dry coating of a colorant which is able to differentially highlight any
rare event particles which are present in the urine sanple. Afilter may be
|ncI uded |n t he thlrd chanber for prow d| ng a partlcle trapp| ng surface |n

[T Y - o . o o o o,



2 9 AUG 2002 source well. The sterile chanber is useful in case the
physician desires to performfurther bacteriol ogic analysis of theggqu @
sanpl e by standard mi crobiol ogic procedures. The urine-filled sanple 0 g%r
is placed in an automatic colorinmetric scanning instrunment which includes
an optically magnifying lens set that is focused on the chanbers in the
sanpl e holder. The instrunent includes a CCD conponent, and is operable to
performan automated X, Y, Z scan of the chanbers in the sanple hol der, and
i s operat iwmﬁyatimavi befaccomplixb®dt d hdeange otasminé pagiesuthtés, suemascol or ant

wave 'engtﬂ%\cf‘éﬁg ﬁig Var Gfﬂéhid&ﬂ ds’ oneTﬁ %1"3?%8%&%% ﬁ%rpgélpSt I ck, and

fromany forne esent e secon descri bed
above. TheContaiRg @ﬁah@oatwsmi@eoplqam 6&@1)&&6@!%@ otanger whickris gissolved dimt r ol s

the scannitqg ufh€Rfd Wﬁhﬁ Eh @iﬁéfeﬁhﬂ@mgﬁl gh?ﬁe%duﬁ%ﬁﬁ%d idfenty) sLieh 'a§f s

al so operatlveto differenti at €m ssi 0ns

correl at e RIPRd ¢alisiadd Ractariawhich s1ayhe presentin dheHiine Sémp@mWheWé‘Wém%gt hs,
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eni ssi on sourc an efore i|dentli ar get. s ng ana

Scanned r d¥6F¢ %%ﬂ%@afh%a'w péﬁ"ﬁ?’é@ﬂ%“’%ﬁ%‘-"@ﬁ@% E?/'t"?én%ll spl ay,
0[) caP b;a tyrvirserot the datcteria’ clenradteristict 340 mn andd20irs flubiesbénttémlsgbﬁSF an

obj ect o i zing a
aubi ot s Wb etcRuE B8R nnFl itfreiiger iR e RLfheliin0us HePetence
of a rare dpeih RNé\L&ﬂd RNA dmbacteria,randrtbe phsémoe ofshesame. in Urate sphiosphateher

obj ect of mlaie'@\se&%ﬂaﬁé ﬁe@jémg%% Ag %mﬁ% %6@61%@#’%8 btehe

charact er descr'i requi res m ni
i nt er vent i SRilary diptinguished feam sellulay; @aﬁlmdatesm@h. as/letkoaytes, @pﬁhejtal gells

di sposabl eyhith B8o TBARIELAIFIeA aﬁ@bl\u@ Byithe ?é?@nhﬁ'ﬂ‘él? 5128 o‘f"'tﬁehbé’d?e@é)par atus and
nmet hod of th: character describ 'S an a t1 onal Qject of this

i nventi on PP WESIANGD PateR g@"”eﬁh?“ﬁ@@ﬁdﬁ"’&”%‘ﬁ@@lﬂ"a‘? lEronge WBiH® bed
whi ch i s sieliprandedn size feord abeats misons o atdut RO chidionisam dianveter, ag. wdhRSF

D T Mo S A oTe 15800 8 DRl IR "R RSB oL
descri pti diPréRCEEadosFesITHENY stsf saftwars incogpopataddhtedbe scaving i on vvhen
taken In cRGriAGHIAMNItHES I BEgMERAIDRGY inMihediiaty tidforldl piftictifites 1 G 1 15 2

plan view of a.urine s e co I.n accord nce wth this
i nventi on; crﬁtﬁlln@pgglcalarg%clapgﬁgqlulgr RAttierten apdds gble taaiuantitate trIEI"G 1;

respective numbers per unit volume of sample, since the volume of each visual field
is known as the product of multiplying the area of the field of view, which is constant,
by the height of the field of view which can be determined in situ.

A third chamber is preferably provided in the sample holder for concentrating a
portion of the urine sample so as to enable identification of particles in the urine
which could signify the presence of a rare event. The third chamber is connected to
the urine source well and includes a water-absorbant layer into which 90-95% of the
water content of the urine is absorbed. The third chamber also includes a dry
coating of a colorant which is able to differentially highlight any rare event particles
which are present in the urine sample. A filter may be included in the third chamber
for providing a particle-trapping surface in the third chamber which surface is
examined during the analysis.

A sterile chamber may also be provided in the sample holder for the reception and
retention of a sterile fraction of the urine sample which is drawn off from the urine
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FIG .2a is a sectional viewsimlar to FIG 2, but showng a |ayer of a
dehydr at ed expandable gel in the sanple chamber; FIGS. 3 and 4 are 29 AUG 2007
sectional views of one enbodi ment of the invention taken along |ine 3-3 of
FIG 1; FIG 5 is a fragnented plan view of a portion of the device of FIG
1 showing an alternative formof the rare event-detection chanber in the
device; FIGS. 6 and 7 are sectional views of another enbodi nent of the

i nvention taken along line 3-3 of FIG 1; FIG 8 is a schematic view of an
aut omat ed sousseowelbpl kebterileschambenis ussfdrib casanthiegphyisicianddgsired té perfage i n

conj unct i qhit &cief}ﬁaldtﬁé Qﬁalgéeig%fheg;rir{é'h@\pléb stshdfd bﬁg%[s)idyié“ the

conpl ete urine analysis pro ure I 'nventi on, IS" a schematic
repr esent RMPeRAUSS.a fiel d of view that coul d be detected in the forned
particle detection chanber in the sanple holder; and FIG 10 is a schematic
represent at.i on, of f view that could be detected.in the rare event

.a fiel ; .
detecti on Ciewinefiled %Wq%gﬁigﬁélsrklﬁ?ﬁ?r in aneaytpMatic pplatimetric ssanMNISPECH FI C
R G 1 e e Fo e e ™ The
| ur | . I u L L.
sanpi & coramhers 5 B SRR s e InaryPRMARGHeT e CGHePRPoRgny ARt iEngt h
gf a conveygsrapiato pertorosaropetomatetkX, I@ssmmﬂthecharhbémﬁnltlﬂe samaple i n thFd
raw ngs I C Lot: . u
al ow mani R TRty BT Gon. B Ve TERTo (B EafinRIEEl 6L EGbraHE. ",
scanni ng o¥avehlengtbramiasiensemanatingsivamahe rgagest bandshen therdipstickr ad fromme
contai Ner gy férﬁé@ﬁb&ﬁg pVés’eH] R th&$8Eons ANY ﬁﬂd%ﬁ&ﬁfh@ré d&scribkY %\So{if’.pTﬁHr face
of the container 2. The sanple contalner 2 1ncludes a urine sanple well 4
i nto whi cHNtFEMeNRtiincudes g MiCroprogassar gopyalieriwhich eenttels teescasningsters be
Zi zed to _cmfjmé_@tpﬁkamhldfmﬁ OFDQﬁ\falgéi. MEhe f&cléxﬁtrcﬂlém@élgb oaégativ'é 'tdIe sa(rjrplltze m! | )
I'S provi ’ a ur | 0 rrne .rl oOw pass S , an I C
| ead f romcf'ﬁ%r te th E%V%Fg‘r‘ﬁ'%‘és'emtﬁ@'Fﬂ%@%ﬁ%&%ﬁ%‘%ﬁéﬂf‘s I?'ﬁért"ﬂg‘ cont ai ner 2.
g?elfl I owdpm&a@aqaré;pr@gramnm_dmlb%iowm\;ﬁlmgﬂ@d;limist shdpesytexturerand val Veisl 721
an e et Lin e we
t hr ough thrégwgé@gg'eés‘& %%IEJS%C%EQEH&%%M}%P f{rﬁeé %@'ﬁ& Q%Ee’g%re gsg%%{h% ‘r]éoflr)n he wel |
2 by squeddentdy thectacants Spingranalyzad. Seeenedrasylts pam beistored |andglisplayed 11 and
13. One ofpy r'ﬂ@aﬁé‘@f”é}?éﬁ-_s&é‘disBIa?PéF%Q%‘tré&rﬁiﬁ@%Rﬁéthiﬁ@tefsit%rfgr Qins a

m niaturized urine chemstry dip stick 16 which includes a plurality of
spaced- apart reagent bands 18 which are operative to quantify various

const i)lt ue {It & t'héretdrfe anrgbject @lamtmé iﬁyeﬁtlhm tgem@\ﬂt q[ilé ahapgaratds aﬁdagriemﬁdt/fbdyal It K
operable tg ng i or,qualitativ .ect various co tuents in the
e samnekd o SYpBE i sdtted Sor'ciemicd anaites Tl BOGSHERES o nent s
of the di peddenck of @ rarecevandrauch als castscivrthre patient/suringai | abl e urine dip

sticks, but are mniaturized and fitted into the chanber 14 in the urine

sanpl e hol der 2. ) o ) )
It is a further object of this invention to provide an apparatus and method of the

character described which is automated and requires minimal human intervention.

it is yet another object of this invention to provide a disposable urine sample holder
for use in conjunction with an apparatus and method of the character described.

It is an additional object of this invention to provide an apparatus and method of the
character described which is simple to use and requires minimal technician training.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects and advantages of the invention will become more readily
apparent from the foliowing detailed description of several embodiments of the
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A second one of the chanbers 20 is connected to the passage 8 and is used
to detect and quantify forned conponents which may be found in t hel BrAUad002
Such conponents include white blood cells, red blood cells, bacteria and
crystals. The manner in which the fornmed conponent detection is
acconplished in the urine sanple will be set forth in greater detai
hereinafter. Red blood cells wll be detected by their absorption of green
light due to their henpgl obin content. Wiite blood cells, which are

supr a- vi t fveptien whaeadakep in copiupetion witk theaegompanyinardravingsge Whigh be
detected by their nuclear fluorescence at 540 nm and by their cytoplasmc
fl uoresce at 620 nm Bacteria will be detected by their fluorescence at
the same %ﬁe] B5rRyPias vieyhat apine samplerqolip@ar foamed in agsardancewith 8%l cel | s by
t he mar kethwéntibgr ence in the size of bacteria as conpared to the size of
white blood cells. A third one of the chanbers 22 is connected to the
passage 10 and is used to detect rare events such as casts in the urine
sanpl e. THGn&isreesedtionatvievhtaker @idngdine®-2 obFiStls are detected in the
chanber 22 will be set forth in greater detail hereinafter. 7 2 9 AUG
2002 Al of the aforenentioned quantification tests are achi eved by
counting &ial2a isa gastiohalviaye sipiilar ta RIGH 2abat shewinga layey oba dehydrated
concent r atyl i i i i.fying the volunme of each field
exanined.%¥ﬁ§K§@g%6§#ﬁgggﬁﬁpp%ng@?E%TeM/is a known constant, and the

hei ght of each field of viewis proportional to the fluorescent signal
emanat i ng FiGSN3 kAE 4fdrelsdciinay VieWs 1 8ne @RinmE& o kifslinvBhtian takeRawngt he
preferred copnf ¥a§t|pn of the chanber 20. The chanber 20 includes a bottom
wal | 24 aHaegﬁﬁﬁ t's 26 and 28. A transparent cover 30 is positioned in
t he chanber 20 at an angle so that one edge 32 is closely adjacent to or

contacts ttomwall of. the chanber,.20.. The psi t.e edge 34 of the
cover 30 }Flgébggs%ﬁasﬁ\%%e? ﬁa%‘ﬂ?‘?(?ﬁ]a\ﬁgﬁfo“ﬁ{ “6‘? d?‘ﬂ%e Bﬁ'glgsbgrswmﬁﬂré passage 8
f eeds i nt alteinativhtorinef t2@rdase levent-datectionacthadtbes in theatevice; ne wi |l be adnitted
into the chanber 20 bel ow the cover 30 and will disperse throughout the

| ower section 36 of the chanber 20. It will be noted that the | ower section
36 of the {@an®apd 7earesegtionahviews|of anginge empagisend ot thednvemiondakes on of t he
urine sanplohgwihe@3 bsFIRSi;tioned in the narrower side 38 of the chanber
section 36 wll be nore thinly spread out than the portion of the urine
sanple which is positioned in the broader side 40 of the chanber section
36. The r ¢&4@Gl 8 isod sthenatit vidw ef an afitonieted kdovoscppidal rfsiirent assdmily 36 al | ows

t he sanpl e, Q. i i l i ] | i al kgkness or
el d vol rich BR3bH (GEy & BlecRi e in 1P B holBBERY mice. £ s0 363 o2
casts i n parfpenthe complgte wine analysis poreders af thisinveatie’r i bed in a text
entitled: A Primer of WUinalysis; Robert M Kark et al; Harper and Rowe;

(1966). The nornmal ranges of these conponents in uri may be exceeded
tany-1 ol d HIG- 319 heslsmall tepraseniadon sLangiog vimaticod oaasd I 5o

mechani s mfovimexhpdrtisle aletection dhambsecinthegampld holder; aadt i cul at e conponents are
too sparsely located, they will be difficult to enunerate, and simlarly,

if they are too densely |l ocated, the analysis algorithnms will have

di ffi cul t WIGn10 emscHematiy rapresentatien af a figldiof diew thaticould bedetectediiththe cel |
mass. For i ] i t shoul d be an opti num nunber
of parti cdﬁéeig‘g”" &ﬁg@f%ﬁ@%ﬂﬁ%é@%@ﬂeﬁ@&ﬁh order to provide an optinmum
field volune, the analytical chanber nust have a varyi ng chanber thickness,

or a set of gj EED‘WES’@:R@T@@R@P’SP‘E@lﬁlb‘mE@‘blMFI\ﬂ@@F'I’fl-EN\mﬂﬂm the
I ts, In both healt

expected range o art|cul ate counts, ( 1 and dj sease. Thus, a
chanmber h&V&MAGING neXt t9ithe drawings daare\is sbewr iy Fl&s 113 BiRg sampleLoRi@Neno2 about

?-h_o L 0 flb(vdnofédr@afe%w Bt the tntinidhalnm €Flhe Bahpledontditerad preferd®y HAscgons at its
| CKeSs ROI‘
e

tjon.so as to.allow a,100 fold nam.c range .0 rticulate
et o pe el Syt dints 18 e iendineel ety BalgTal g oot uide, [ the saitbE
enbodi mentcontdindri®sisdwnuirt theeiralint 8 és regtikneay chdwelet, ety shapehwoultcbe 22.

22 ncl uaceadted fah FRuREBY Bbuabit 3 I Sl Rine o lihdts | o "

positioned. Above the batt 42 there is positioned a fine pore filter 46)
such as a nucl eopore nenbrane filter mahufactured by MIIlipore Corp.. The
filter 46 is preferably supported by a rigid grid 48 which is nounted in

t he chanber 22, and through which the water content of the urine can pass.
The filter 46 also allows passage of the water content of the urine, but

wi || bl ock passage of formed bodies which are indicative of rare events
such as casts. Initially, the water-absorbent batt |ayer 44 will be spaced
apart fromthe grid 48 and the filter 46, as shown in FIG 3, since it is
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FiG 5 shows an alternative enbodi nent of the rare event detection chanber
22. In the alternative enbodinent) the absorbent batt 44 is di sposeflg Ayg 2002
agai nst the side walls of the chanmber 22. As the urine flows into the
chanmber 22 via the passage 10, the water fraction will be w cked off to the
sides by the batt layers 44, and any formed bodies in the urine will settle
onto the bottom surface 50 of the chanber 22 where they can be detected.
Referring nowto FIGS. 6 and 7 there is shown a schematic illustration of
anot her ef¢anmingafithe contaatsiaf the sevenal aieasafithenontainen@ Th@ containetisber 22
I ncl udes i [

reRidedanity a BOVr W Nieh b?\;le"ré theﬁe@gﬁ %%;fgl{rfeag%gdg Fﬁ%é?@b@é?é Th

a
preferably transparent or transluscent Y ) i i [ sposeg on the
bot t om waFmplegoptainel PRlABs @ urine sample wiell dinfoawkich the urine samalertpdieat ed

gel | ayer afalyfedisdnited. The'vasll #8an Be sRed @ tomaint Bt mi bBufie, e chamber
di sposed in the

22. The vol une ob_the. de%at eﬂ gel I@Xer 9 which is di

chamber 28%31Plg, dhe Yline sample, wefl 4 15 providedswith gyRirality @ uripe flow|pagsages g AUG
f2002 Zugseau{ioaédmz Wh{chtlé&: ﬁbmﬂhéweﬁith t_oﬂaﬁoﬁ@m;i@é rédté%&mhah\%;@ﬁ tAey be
ornmed by a transpage portion , i ch, may take th orm a cover

S de. v PaHABRDar D8 MawiRTaaRs frih QAN 2 e arevides Wi ok Brireh ot e gel
9 i s obsevalees 79,pl1uaral 13, yesdectidelp whidhaduntrof therfied dfagdinesrad heawell 4 I

pre- positj l.ca

et Fament T 8 oSt 0 % B0 el {2 Aivedh HEEKrbBedl h O ORI B

| at t er haSquRezingrten gantgingd 2 and cavend to apen the valveshk & dirand todi es 114
performtwo functions, one being to allow the optical instrunment 116 to

f ocus on e | surface 110; and the other being to confirmthe |ocation
of the sub?‘&ég%ﬂ@"%@{stﬁésFﬂ%@%ﬁtﬁ’ttﬁ?i’ésws e cepians %W'@ﬁ“ﬁé@é;f or ned
const i t uentise omerhistry glip tivkel BldRich (ntlides d pluksity @fasgmeaia@ahrreagm nt 116
will reco d‘ﬁhﬁ%’hh urine sa | e bei.ng_anal ze@ 0es _not contain any

i gni 1 caRendo B sie eBeratPe s Aty dapl qonsyerisle ta g sanpie:

const i t uefihe oéagemd bands¢8 aré inddiduatly bperabley/tdr quantityher qellitdtioglyrdefectand any
formed copgkl Lkl I ' fured. t e 110 of
t he rehydpg’ﬁéa&cflj%@%ﬁﬁug@gr'&ﬂqs%%%??%éﬂew ﬁ?%&,}{@g&é\&ﬂg tF g p%xgﬁrgfst’f;{aztﬁt he gel
layer 9. $hprampengetsof thedipatick peraradenticalipicommesciallyyavailblenusine dipm

gf ucur oni gtigke! BUt drB #MARERIZEAANE fie8 HRo thd chdmiSereRl indRE uhiRk 3aMmPRSholdad t hus
Is a good,material for use in the detection of formed constituents. This

gel is t hé product of Sigma Diagnostics. Another suitable gel is a
transl uscent cross-|inked sodi um pol yacrylate gel, which is used in

the rare ByBsBRERRe of s Siftart Po s borfigBtiflo s ARS<Blele e R 1eHIS50 sy b

conbi ned datest and guantiéy tomed componealisiwhich may bgdbumdhin thiedainga\Bueh t he

vari abl e t.Djk s E ' ' of e

chanber ZBB@E?%N?EC u eQﬁlt @sﬁiﬁé" r 5%@8‘033(:%_@3\%? %@iﬁ@?sﬁ hTelié;i n.

Ref er ri ngM#BR" ingwiighcthe formpd C§E¥9§ﬂ§nmﬁt§§&°ﬂzs aesoraplished i thenwring steril e

ts:] or agﬁ ;N@h.lnp@miu rniecsg%rﬁr_ﬂinagréﬂér bl %fe}géit![iﬁtéﬂ.r Itﬂréa l?l@od 6611\l Ibeéb}e{téctdcﬂ a}Nln
rou e passage . e pr.aqvi si qn Of. e rrire,sto al | OWsS

e ooyt BY 4hste 855 onion of Biger [ttt b helfodb i coftarte Vil pibed dfee | 1

CﬁSﬁb f ur t wbicht arstsupca-vitally istaiced bylafootummthsudma@acmdiw@locﬁn@nyvilbtgethe .

Ccha ers . | t . to wt raw

urine if #étceggeg!a@{,thé@ n&é\%ﬁgﬁ%?rrergy%r{?:grqbﬁgosﬂ},iaﬁgeb?tgéfﬁpgtg%bugr a
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A third one of the chambers 22 is connected to the passage 10 and is used to detect
rare events such as casts in the urine sample. The manner in which specific rare
events are detected in the chamber 22 will be set forth in greater detail hereinafter.
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so, to what extent. The nunber of white cells that are detected in the
urine sanple per unit volume can indica8e whether the subject is
experiencing a urinary tract infection or inflarnatory process. The nunber
and types of bacteria detected in the urine sanple can be used to di agnose
the presence or absence of subject bacterial infections. FIG 9 illustrates
a field of viewthat could be detected in the forned particle chanber 20.
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Li kew se, when the instrunment 54 scans the sections 36 and 40, any white
cell's VBC and red cells RBCin the sections 36 and 40 wi |l be detecdt%®aUb0?
the CCD 62 and the WBC and RBC presence will be transmitted to the
controller 84. The instrunent scans of the chanber 20 will thus provide an
absol ute forned body count in the urine sanple. Red blood cells are best
identified by their |ight absorbence in either the Soret band at about 415
nm or the henogl obin band at about 560 nm White blood cells are
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Referring now to FIGS. 6 and 7 there is shown a schematic illustration of another
embodiment of the rare event detection chamber 22. The chamber 22 includes a a
planar bottom wall 118. A constant thickness layer of a preferably transparent or
transluscent dehydrated gel 9 is disposed on the bottom wall 118 of the chamber
22. The top surface 110 of the dehydrated gel layer 9 is planar, mirroring the planar
bottom wall 118 of the chamber 22. The volume of the dehydrated gel layer 9 which
is disposed in the chamber 22 is such that, when the gel 9 is rehydrated, it will
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a) the step of providing a urine sanple reception chanber in said container
for receiving a supply of urine to be exam ned; b) the step of proQigdAuggg
formed consrituent detection chamber which formed constituent detection
chanber is operable to concentrate forned constituents in a fraction of the
uri ne sanple and separate such fornmed constituents fromwater in the unne,
said fornmed constituent detection chanber including a water absorbent
material which will absorb essentially all of the water constituent of the
urine sarr;sUbstfanmuyifiﬂmmMambmrrﬁaerEwatbp df theetthner 22 hayg be foreezcity an chanber
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cont ai ner .conpri.s %@ urine sanp | e reception recerving a
e

supply of Pi ‘1‘“9“965 W&Ilowre&w'ea'mr tW@Lﬁ‘éfﬂcuéé{"éBPlg@h chanber
which is cpeaedlh €0;tandahe otter baing tb@bﬁmh e \Béationestttive smﬁabef TEEwhamtef the

urine sanple and rate such for onstjtue ro urine,
o 0t oe st 176 8RB Balttite oy Buterioited tarhiBgtd S ine e Fage )10
mat eri al e tttencade, tesiostumeaents wlll rgcartithatfthe Iuanmamlple:belag ianalyaed of t he

ur e SaTRloBs ERGAHAR s Raheloh Bl ol Bl 5dibg SRS W charber

and wil | sor constrtuents in ct i on;
and c) an cepstituentiohéhg umwujmet\feat@srahydrpw@a@@l bxe@amndgaﬁwf@mséu d urine

sanpl e r ec@RLHtIENtS MR IrinkeAvif Bk CaPRired bh ¥k ©pAURREe 110 of the rehydrated
gel fayer, since they will not be able to penetrate the gel layer 9. Suitable gels
include "PHYTAGEL", which is a gel formed from glucuronic acid, rhamnose and
glucose. ltis clear and colorless, and thus is a good material for use in the detection
of formed constituents. This gel is the product of Sigma Diagnostics. Another
suitable gel is a transluscent cross-linked sodium polyacrylate gel, which is used in
disposable diapers, and the like. It should be noted that the functions of the rare
event detection chamber 22 and the quantitation chamber 20 may be combined into
a single chamber containing the gel and also having the variable through plane
thicknesses. FIG. 2a shows a variation of the chamber 20 which includes the
dehydrated gel layer 9 disposed therein.

Referring back to FIG. 1, the sample holder 2 may also inciude a sterile storage well
52 into which a portion of the urine in the well 4 is drawn through the passage 12.
The provision of the sterile storage well 52 allows the physician to have access to a
sterile portion of the urine sample in case further testing is indicated from the
inspection of any of the chambers 14, 20 or 22. Access may be had to the sterile
well 52 to withdraw urine if necessary by means of a sterile syringe, a pipette, or a
microbiologic loop.

FIG. 8 is a schematic depiction of an automated colorimetric microscopical
instrument assembly, which is denoted generally by the numeral 54, and which can
be used to scan a urine sample that is contained in the paraphernalia shown in FIG.
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15 2 9 AUG 2002 3. A container for use in performng analytical tests on
a qui escent unne sanple, said container conpnsing a formed constit 28rAUG6 2002
det ecti on chanber which is operable to concentrate fonned constituents in
the urine sanple and separate such formed constituents fromwater in the
urine, said formed constituent detection chanber including a water

absorbant material which will absorb essentially all of the water ~n the
unne sanple tn the, foqned constituent detection chanber and wi II not absorb
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10( holder 2 are scanned.

Reversible electric motors 58 can be used to selectively rotate drive screws 60 in
opposite directions so that the sample holder 2 ¢can be transversely moved in the X
and Y directions. In this manner, the entire contents of the sample holder 2 can be
scanned. The automatic embodiment of the instrument assembly 54 includes a
CCD camera 62 which, by means of a heam splitter 64 and lens 66 set, is focused
upon the sample-containing portions in the sample holder assembly 2. The CCD
camera 62 views and records images of the sample through a plurality of different
emission light wave filters 68, 70 and 72 which are mounted on a selectively
rotatable filter wheel 74. The instrument assembly 54 also includes an excitation
light source 75 which directs an excitation light beam at the sample holder 2 through
the beam splitter 64 and the focusing lens set 66. A series of excitation light wave
length filters 76, 78 and 80 are mounted on a selectively rotatable filter wheel 82.
The excitation light beam is deflected by the beam splitter 64 toward the focusing
lens 66, and is focused on the sample holder 2 by the lens 66. Thus, the two filter
wheels 74 and 82 allow one to selectively control and vary the wave length of the
excitation light source, as well as the emitted light source. A preprogrammed
microprocessor controller 84 is operable to selectively control movement of the
sample holder 2, the rotation of the filter wheels 74 and 82, and operation of the
CCD camera 62. The controller 84 thus enables fully automatic operation of the
instrument assembly 12 without the need of significant human intervention.

The manner in which the urine analysis system and method operate is as follows.
The chamber 20 in the sample holder 2 will be provided with one or more colorants
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9! 1092 Which i i@expected bB&@BUNd in the chamber 20. The chamber 20, as noted
above, is formed with a through plane, or Z axis, thickness that varies from one end
of the chamber 20 to the other. The colorant or colorants that can be dry coated
onto the surfaces of the chamber 20 can be an intracellular fluorescent dye such as
acridine orange, or astrozone orange, or any other colorant capable of highlighting
both living and non-living formed components and which will enter target formed
components such as white cells, bacteria, and the like, and will differentially label
such components, with the exception of crystals. Formed components, such as red
cells, which naturally contain pigment will be analyzed using wavelengths
appropriate for their pigment. Thus the fluorescent emissions and/or the ratio of light
emitted from any formed target components found in the chamber 20, plus any
additional morphomaetric measurements, will be ot different wave lengths which are
characteristic of the type of formed element. The different target emission wave
lengths or morphometric features can be preprogrammed into the controlier 84 so
that the latter will recognize matching emissions or features that the CCD 62 records
and transmits to the controller 84.

For example, the number of red blood cells that are detected in the urine sample per
unit volume of the urine sample will indicate whether internal urinary tract bleeding
is extant, and, if so, to what extent. The number of white cells that are detected in
the urine sample per unit volume can indicate whether the subject is experiencing a
urinary tract infection or inflamatory process. The number and types of bacteria
detected in the urine sample can be used to diagnose the presence or absence of
subject bacterial infections.

FIG. 9 illustrates a field of view that could be detected in the formed particle chamber
20. FIG. 9 shows the narrow thickness section 38 of the chamber 20; the
intermediate thickness section 36 of the chamber; and the broader thickness section
40 of the chamber 20. As shown in FIG. 9, any bacteria, which are denoted by the
letter “B", will be likely to be seen in this section since their concentration, if they are
present in the urine sample, is generally high. Red blood cells, which are denoted
by the letters "RBC”, are best enumerated in the section 36 since red blood cells are
relatively intermediate in size, and their concentration is at least 10 fold less than
that of bacteria in urine. White blood cells, which are denoted by the letters “WBC”,
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are best enumerated in the section 40 since white blood cells are relatively large in

size and their concentration is usually at least 10 fold less than that of bacteria in
urine.

As noted above, any bacteria B in the sample will be differentially highlighted in a
predetermined manner, and are smaller than other formed bodies in the urine, thus
when the instrument scans the section 38, the CCD 62 will detect any bacteria B in

the section 38 by light emission and size, and will transmit such information to the
controller 84.

Likewise, when the instrument 54 scans the sections 36 and 40, any white cells
WBC and red cells RBC in the sections 36 and 40 will be detected by the CCD 62
and the WBC and RBC presence will be transmitted to the controller 84. The
instrument scans of the chamber 20 will thus provide an absolute formed body count
in the urine sample. Red blood cells are best identified by their light absorbence in
either the Soret band at about 415 nm, or the hemoglobin band at about 560 nm.
White blood celis are preferably hightighted with a colorant such as acridine orange,
and when illuminated with an excitation light of about 460 nm, the nuclei fluoresce
at about 540 nm, and the cytoplasmic components fluoresce at about 620 nm. The
ratio of these two wavelengths can be used to identify inflammatory cells such as
granulocytes, either singly or in clumps, or the presence of other cells such as
epithelial cells. In the case of cells other than granulocytes, morphometric features
such as the area of the cell cytoplasm and the cell nuclei can be used as identifying
features.

FIG. 10 illustrates the distribution of rare event particles 90 which may be present in
the chamber 22. It is noted that the rare events 90, such as casts will be randomly
distributed throughout the chamber 22. Identification of any evidence of rare events
in the chamber 22 is thus related both to the size of the bodies and the differential
coloration of the bodies 90. When the instrument 54 scans the chamber 22, any
rare event bodies 90 in the chamber 22 will be detected by the CCD 62 and the rare
event body presence will be transmitted to the controller 84. Instrument scans of the
chamber 22 will thus provide an absolute rare event body count in the urine sample.

Casts are detected by a combination or their light transmittance, their fluorescence
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using the wavelengths and colorants described above, and their displacement of

colorant within the chamber 22. For example, a cast containing no cellular material,
such as a hyaline cast, will not absorb any of the fiuorescent colorant, and thus will
appear in the chamber as dark characteristic shapes. On the other hand, a cast
containing white blood cells will have the characteristic emission of the granulocytes
combined with the morphology of a cast. A cast containing red blood cells will have
the characteristic light absorption of the red blood cells and the morphology of a
cast. Casts containing granular material will have a combination of negative
staining in the morphology of a cast and a decrease in light absorbence at all '
wavelengths due to the presence of the granular material. The container will be
provided with some sort of machine-readable indicia, such as a bar code, which the
scanning instrument can read and which will tell the scanning instrument where the
various chambers are located on the container, and what tests are to be performed
in each chamber.

Since many changes and variations of the disclosed embodiments of the invention

may be made without departing from the inventive concept, it is not intended to limit
the invention otherwise than as required by the appended claims.
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CLAIMS:-

1. A method for performing analytical tests on a quiescent urine sample disposed n a
container, said method comprising:

a) the step of providing a urine sample reception chamber in said container for
receiving a supply of urine to be examined,;

b) the step of providing a formed constituent detection chamber which formed
constituent detection chamber is operable to concentrate formed constituents in a
fraction of the urine sample and separate such formed constituents from water in
the urne, said formed constituent detection chamber including a water absorbant
material which will absorb essentially all of the water constituent of the urine
sample fraction which enters the formed constituent detection chamber and will
not absorb any formed constituents in the urine sample fraction;

c) the step of transferring urine including any formed constituents in the urine from
said urine sample reception chamber to said detection chamber; and

d) the subsequent step of separating water in the urine sample from formed
constituents in the urine sample so as to isolate formed constituents in the urine

sample in said isolation chamber.-

2. A contamner for use in performing analytical tests on a quiescent urine sample, said
container comprising:
a) a urine sample reception chamber for receiving a supply of urine to be examined;
b) a formed constituent detection chamber which is operable to concentrate formed
constituents in a fraction of the urine sample and separate such formed
constituents from water in the urine, said formed constituent detection chamber
including a water absorbant material which will absorb essentially all of the
water constituent of the urine sample fraction which enters the formed
constituent detection chamber and will not absorb any formed constituents in the
urine sample fraction; and
c) an open urine fraction transfer passage extending from said urine sample

reception chamber to said detection chamber.
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3. A container for use in performing analytical tests on a quiescent urtne sample, said
container compnsing a formed constituent detection chamber which is operable to
concentrate formed constituents in the urine sample and separate such formed
constituents from water in the urine, said formed constituent detection chamber including
a water absorbant material which will absorb essentially all of the water in the urine
sample n the formed constituent detection chamber and will not absorb any formed

constituents in the urine sample.

16



