+; e3e$$l @60T 7 Atty Dkt No LOPE.-075 APPARATUSES AND MET
CONCENTRATI ON' DETERM NATI ON FI ELD OF THE | NVENTI ON (0001%@ ME
this invention is analyte concentration determ nation

| NVENTI ON [ 000?] Anal yte concentration deternination in physiol'8§i*%a

sanples is of ever increasing inportance to today's soc%g;ymtﬁyg@E@§says
find use in a variety of application settings, including clinical

| abor at ok ¥p A RET1ISEs Afm MriAsbs MR ANSLY TWRESRCERERABRIN DETRRMING GRS NG
play a promnent role in the diagnosis and managenent of a variety of

di sease conditions. Analytes of interest include glucose for diabetes
managenent, chol esterol for n|to ﬁﬁ% ardlovascular condi tions, and the
i ke. [0003] In response to o E Wt ance of anal yte

concent fggoitpn  det Biefielasf g mvamwarls @hwteod‘onadﬁalatydxﬁieee@mmﬂw ation

determ nation protocols and devices for both clinical and hone testing have
been devel oped and, specifically, a variety of anal yte neasurenent devices
and net hods for enabling pd&kﬂmmsUNnOWQHHHNMEWHO@MM bl ood for the presence

and con atlon dtermn a varie erent analytes are well
nown 1 WAL 5 o e EF Bl Pla el Giefopkp s B0 ERs P B¥ 0t cal based
measur enent dleteiasiﬁ@nmdamettdmd@r J fdcietyl. ShclpassaREne u!;eSmla|v|atié’Q/ BadppUlcatibgl
reflected | i ght there{ro is detected to obtain an aﬁgﬁ e coLgcentratlon

i ncreasi n%’ g8 dPERYing HILFLIRPBHPIVIERng 08Y SHEA% GiCeYEISEe BT BEUESE 81chs t he
Use of assayie§ipt e pro@ineRTBle @Ytht @ﬁén&lsrah@%aﬁigeﬁ@ﬁtdﬁ' 2388 @Echsd O
readi ng these test strips. Typically physi ol ogi cal sanpl e such as bl ood,
bl ood deri va@qmﬂé@ns|Ma@ﬂ@%qfﬂr}tapﬂmcmdﬂglua@serf@r dighetes magagemeniothods@ @ o a t est
strip to wet f@mrtéama@sovt&ﬁta}Ewld%n{r%e@m&m@nt area of the test strip.
The sanple reacts with certain reagents or conponents associated with the
testing 08k to piaenewse & islgorvisharrpstangs of Aeade sgneerirajipe fderinatippst strip
has been wet gzﬁgt}b ahgl?te%glg@htﬁtmﬁgétls a%gn Ipfog&%lsqﬁ& Q&H&g fcrrrbgmcthmcﬁ a%gsu ng
area is what 1s used to obtain an analyte concentration, as nent
above, by rehend teginghevamouatvemped afl| spcclédallyl «'gmnetwfandwwamwmratl on.
(0004] A Char A% ?ar\dsgnétﬁ cfgfforde%Xﬁlmg pataerﬁ% tg?esnggj@ot hg‘lo 8 %00rYﬂede s];rcl)cre angl1 alyte
concentrati on ode Pance Vafue t hat
sanpl e size amderttxheorudﬂtérmmmnoxr ofmnet@lloﬁduffetmt arxalytetsraser\eﬂf krnosin nlnamertan i npact
on the final asur enent tty Dkt No LIFEE-0?5
orze that | soF ERRURERT tr ST fet B R bbo il B el Bl cause

erroneous Oofr ini widelcaisaatpte i @it utased aﬁpemasmdag}ltyhemﬁonan detested fol abtadndn vol une of

| d to the test str.i d/ t form | d,
oo e Do EP B e iiat CR ipetiebnd et Pl sa Bt Sedrsr it o ot por ' ©

portions of pﬂ@e)cblefpithagseaufe@ayas“yetem@thamh;sleﬁtestlsmpmamem indmadterofoki cal based

measur enent de .ic and net i,S dtec fro ntlretestlng
area, incl udf%Agoe §eetei565“ﬂ’? §H§‘°?1Waf‘%g¥sé’l%‘ﬁ pﬁeeﬂ“’}b?s @]8?4:? dHowever, the

use of |ight gdeheedsadtefstiganiRon oMy teds pRbiieas Dkstishp tb ast & pgtianea can
cause the determ nati on of anal yte concentration to be erroneous or

i naccurate. [T REBRPEL! &2 P/ ieptgirtPn SRaBEPE TRV b e TEARFRINET of
i nsuf ficient  andhefts RRGcAE %o ik Yes@iPdréd psRiB £cdlé@\¢Barpelin BE&LrdR0l |y

adequate. In the sinplest process, it is incunmpent ugon the user to
vi sual |y monhee thgHes Bep haiireer wrsdkbyshnmelenBetlasisdhisaistscied foRdbithet her t he

testing ar eatebfgrfg J?@a%w%hmemovob\ﬁ@ﬁ srﬁgmlykpef&y&l&an&lugdﬂmgmu@d abdPibyoring is
not very relia especially for personis with di abetes who typically have

i mpai red vi sraha’alngjﬂm&}lnﬂﬁr@mﬁehéghtm watyie coneensieliere t he probl ens descri bed
above, %®QP8746 A QRN RAS of devices and methods that provide for analyte concentration

determination using a measured reflectance value is that sample size and the uniform or

even distribution thereof can have an impact on the final measurement, where a sample
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an apparatus that estimates whether the amount of sanple is sufficient on
the basis of absorption of water mthe infrared region of the

el ectromagnetic spectrum However, such an appararits requires a means for
guantitative analysis and an infrared transducer and receiver and is
therefore di sadvantageous for use as a portable systemsuch as for hone

gl ucose testlng by di abeti cs. Furthernnre in using thef%%ﬁ%rﬁfﬁgtﬂlﬁclosed

i n EPBO087466 nces mh%re]é gpL n- unrforn“g &%lled can not be
easily identi’Fre Pls [SOTA! U s e ?“RH@“ oEnlggpplicg sa TPEE°1660 al so
attenpt to Slea‘rtalrﬁtbeesplltsoﬁbﬁrﬂcdle;s(tﬂzinbm&&mveolbr}ﬂe e0ApRle iNgopYiad tvaBe @Rt ai ned
fromtwo differen& test stri étJ e Each ot her, m$ere a certain

magni t ude of SHAWALT %?ﬁ“ﬂlerfaflﬁtd{“ g Hé@p e ém%aa%‘i“?’h‘tf 6318 P iV etighi for m y
wetted. \When ppede-sidbfeQitil bdhet Sork dHlio€ B @&hting £18a S @bt W SteBIIO @Pﬂx@ﬁiu&n(al apply
nore sanple or, in certain instances, pronpted that too nuch tine has

el apsed and apirahbised mepismepeerseramd srsghods Hight i deteqied frove hetenére 1et6e pat ent
nor the 060 t t e on usi ng
The smal 1 et e B e e L e O

i nst ead requﬁt@@miﬁeﬂWQEMwﬂeimp@kwOﬁmceﬁsaanGMD@mﬁhﬁwubsmnmamnmﬁor begin a
new t est. Qns iLs wholly satisfactory. LFS-194 Arty
Dkt No LI FE-@ ﬁﬂﬁ% ﬁ%ﬁ%gﬁﬁfu) “he P%@ ance “Where the. user is pronpted to
apply rrrmm:s;arrpl eAtttrhﬁts ansaervxr@ thdetiovbésciited atdbdamptof tisu &g ieaead/or hen-i ni ti al
site of the ne stic rde otr o, )m|ls" or ssage re-blood
out of that é‘f’? %Fa;{pﬁg ff‘gné’ qr?u%f’o%’e@r‘ﬁ%c’l{yﬁg?qu%kf rjiheosr]f(?gpﬂ (%ﬁss %anot her
site Becauseutmh@redlmb@{ Be Gisr mk\hsu,all;bmoﬁﬂfte wihie(ler iulﬂﬁlmﬁm}jl§h2@rbeém@ﬁlﬁdt o apply
nore bl ood, it E ﬁOt uncomon t hat an her site nust be pierced with a
needl e. The PREVRTRY U5ieWiagaEa MsdEeny ryﬁﬁet@ ﬁ%‘l"éevﬁraﬁ‘cBélsﬁaalr nful, where
it will be Olﬂiﬂnﬂet%lgtrhﬂ&t vtememmegpsmg@rrrapmﬁaelwmambétmwﬂyﬁcmﬁrise be
pierced multiple tlnes in order to obtain the requisite sanple volune to
conduct the UBRATCAMI®N o this pain, it is not uncommon For individuals who
require paguent poRbLELEr dtt@glpptfo sée %@%&dﬁﬁ&nstdésc?ib%’é%v@‘@B@om% behing the
anal yte of interest all together. Wth diabetics, for exanple, the failure
to nmeasure t BePRRPagIusd estineaes|Whetherthp pragint phwenpisas Fuffisienioniths hesiaof ack of

i nformation I I

Uncontrolledgg ﬁ@@ggngggmgggg%&xdﬁ@g&;@ g%ggggﬁéﬁLmﬁ$g%%ﬁF?§§mvm

t hr eat eni ng. ST@@@@PP*K@QIﬁéuu‘eﬁan@éomn@tafaver?e@rymse@@mdnﬁf%ﬁ tr@rm@«tcelbe
cormenced, a,pewcliest c?fsrﬂ!re‘?ettx% dﬁsﬁﬁk%{ag%uﬁ gﬁ bR asp%ﬁ dsdseit such'ss RHCh, the
test strip used for he first, unconpfeted test scar edin p ace of a
new t est strihpmé emcmeesmgwcdlhmn%Emnn@silp uslegﬂrle:tapwgatusndmdheeirsle of two
test strips, 0 i pgl e . n
deternlnatlonﬁgbﬁﬁg6§2%$g§%§gwEE%mgFﬁéa yﬁﬁﬁgﬁkégéfﬁ%ggﬁgg%%%%@ip-based
anal yt e concedehtidd. on deternlnation [ 0010] As such, there is continued

[ ' he d d hads .f
Lgaggﬁf ﬁ[g‘r‘f’&; get Q\réerr? %t |on %%gnﬁ\g%qe/gggbegécg%nﬁp t%ﬁ?ﬂ?@}f'%{hg cla%{ (raati ons in

t he cases V\heleserisafmdbbvesl@rmln@am@wnRSoatamedibmhmddifiareat te@Stripsited 10 each

measur enent area_and/ or t.he u area of test .strip.i s, not
evenly or unPHEE MG ASERER TBgN SRR G ket bR trlfe PREUIBL PR "be e
devel oprment  ehifatthweltsd Bien astudiRihiods ivdidacia, te Gseﬁﬂ;&pjorhﬂe@&&ppl@aﬁdrt cularly
for visually i alredlndlwduals i nvol ve mnjrm in a e portable.
SUMMARY OF nsrénr?merrﬁea%rn[lr)%afﬁs PBpRIEE s 09 i s RoH S Pom e fien ng the
concentr at i o Rf beddnditatadt Shdt s, Aeifdbyihé @89?&6&'1105@1%6@ paleBt RbaNdsded. The
subj ect apparatuses include at |east one ht source for irradiati ng a

plurality of 2eRlYtE prsaniraiipp dyegrnatiop gyne Ge pmpll sample Mawdeskand/or Hearewali nt o
the appar at u%ett@dﬂ@&sﬁ&mﬁta@é zfﬁ)f u‘](sgzléd gaﬁﬁr?éétﬂ'ren&err t@fab ?hﬁ)@e éah%mtofcﬂeQEQteaCh of
the plurality LFS-194 I'FE- ~7~ of erent areas
respectivel y stripgahegif @ne»ﬂeﬁeNmﬂmr n@thvﬁtr@ph@rs 1SaWhQJMSﬁ-@Sf@MI‘Yarmunt of sanple
is present on each of the plurality of different areas by determ ning
reflectggd @ght therefrom and neans fpr determining the concentration of
t he anal yte based on the reflected |ight detected fromthose areas
determ ned to have sufficient sanple, where areas determ ned not to have
sufficient sanple are not used in the anal yte concentrati on determ nation
[001?] In the subject nethods for determ ning the concentration of an
analyte in a physiological sanple applied to a test strip, a plurality of
different areas of the test strip having physiological sanple applied
thereto are illum nated, a respective reflectance value is obtained from
each of the plurality of different areas, the obtained reflectance = data
from each of the pI uralrty drfferent areas |s determ ned to be i ndi catrve

Y o Y Y o . Y "



+ BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] Figure 1 an exenplary,
representative colorinetric test strip suitable for use wth the subject
invention. [0014] Figure 2 is a schematic view of an exenpl ary enbodi nent
of a subject apparatus having a test strip associated therewith. [0015]

Fi gures 3A-3H show enl arged, plan views of various exenFI ary enmbodi ments of
the detector array of the subject invention having the P& iU = YRt ect or s
in a varjoety of i [ igure A-4 how .exenpl.ar

erbodt moefsY of  ; EBHBHLEL RS b PR b B e PP OBAS PR e
shows an exemplaatiempniocdisrentie ofitidmtecfehplaadly snekas ordenenty taradl’ofr a t est
strip with a detector,arra the sybject invention. LFS-194 4 Am Dkt
No LI FE. 0 S ETHEIREE B tﬁﬁh&\f%@r#“ﬁésﬁrlﬂ‘{}l‘éf\ﬁ*%ﬁﬂfﬁéli%]onﬁﬁaw&{ uses and
met hods for gdeiher sfienBagudedoodeneediidkat, bpheafmene adals\pk@ngitdt @ aphly siod 0gi cal
sanpl e are provided. The sub'tgct aEpa,r atuses include at | east one |ight
source for i'?l?%itéscri‘%énﬁmﬁ‘i“ﬁ# FppQng s mpftde Bifrced Math< nedle Thestersdigr i p t hat

has been i nsgbdeareitbitdbididIRy SR @h ¥S pAnAELBECLAl walUebvio0d thiahesdil RY
reflected light fromeach of the plurality of different areas respectively,

means for deWBIPRIHICAY Ik BERER naeds o Pieeremitipifounts i prdsuippbeinithe pr esent on
each of the hiid!diicQbdlehd il i ERDR0 48l SEATNL B bt o |1 Nt

€
therefrom and nmeans for determning the concentration o e anal yte based
on the refl esdieduili gho rgetrefe@dntfmantotimsfanangdas tasmetyrvoiddndngotiagy e

sufficient s I I det.gr.n,n net to hav fficient sanple are
not used in t ena?r%% y %%(S:%‘rl]@g etthrezrit\?%}hdlae%ésf’%xneé%rfl@ﬁ’.tET %glirﬁ]to PR* e subj ect

nmet hods for thet glnedsaievgl dnhregpresonisdibsiatesdts 10h laak oAinédryikioni necasgonywsi ol ogi cal
sanple applied to a test stri a rali f different areas of the test
StrTp: havr ng e 2B HedP LB e hulghi Bhest lE e e e

respecti ve rafileeatldndeeavalnge i s obtained fromeach of the plurality of

di fferem) greas, Itf}vg.obtai ngd refl ectance datg fromeach of the plurality
di ff er ef?0%r eas 8 PGSIE AT WRUS £ 85 b TR I EHEIY 8 5P HEEEF-ANEY et SHABuUNt  of
sanpl e or nakquiRddortthesec@iaent Asaiit tekst B uaddabyhe fitst) uh&enpMINBEahOgi cal

sanple is derived fromthe areas determ ned to have sufficient sanple,
wher e ar eas BEREEHiTRIFEQER e I8P onpie Wihehe Scsaripd. spudingde thsdecofi n t he

derivation. £fSQ: RERY kARE tRhnKifhiS didle 486td BnBnBidntdeRemh oS Wik ect
met hods. [0020J Before the Bresent invention is described, it is to be

under st ood tiRgEasehihs alrsade Rep 6pst pEtesGiriprhagsd awalytesopesniration dgierrainiiodi nent s

descri bggigas SUGH IBY theff1s CQMINEEY indéALYin teldel SofthdPof RwRRvBIGHSt 00d t hat
the term nol ogy used herein is for the purpose of describing particular

enbodi ment s ®ehgds ferpaalyts capgenirstioa dgtsamingfidsehat pravidegcurals #n8e's he scope of
the present JoQuanhidR itk basBEwhdrfhAfsafBlh oRdnds BR: BPRENG S EsCid) M5
measurement area and/or the measurement area of the test strip is not evenly or
uniformly wetted by sample. .Of particular interest would be the development of such
devices and methods which are easy to use, particularly for visually impaired

individuals, involve minimal pain and are portable.

SUMMARY OF THE INVENTION
[0011] Apparatuses and methods for determining the concentration of an analyte in a
physiological sample are provided. The subject apparatuses include at least one light
source for irradiating a plurality of different areas of a test strip that has been inserted

into the apparatus, a detector array for detecting reflected light from each of the plurality
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'[00'21] Where a range of values is provided, it is understood that each
intervening value, to the tenth of the unit of the lower Iimt unless the
context clearly dictates otherw se, between the upper and lower linit of

t hat range and any other stated or intervening value in that stated range
i s enconpassed within the invention. The upper and lower limts of these
smal | er ranges may independently be included in the smalté°kt Angd$-i's al so
enconpassed he inventi,on ct to.an eci f.lcall excluded
limit in the® %gttereagEi_rﬁaérisgﬁcme%ﬁ"gf"f)g{(% RS EPE- %"f%&%ﬂﬁ@“ﬂ‘\%ﬁéw fhe stated
range incl udeanglags pi)éseﬁl@inl‘taﬂfofttl’(@lﬂuﬁlnﬂywd1ffead'1h§]@fSasQ?yC‘dHédmﬂngebﬂlda%ﬂ liget h of

those included limts are also included in the invention [0022] Unless
defined ot he @M 309 MERS ARTidelgrminmg tacioartnipiien eidhganalyteddsyleandh have t he
sane neani ngréfecl%@ﬂgmralebécte@deﬁSeﬁda@QreQSVde@&eneﬁ tcpﬁsﬁi/le Q@fﬁyleﬁl%hrlnblem/ﬁeh@ art to
whi ch this invention belongs Al though any methods and natertals sinilar or
equi val ent t ereehépiameed aef haavertefisiont saapladrs ootosediodl dnalytetrongangeitdnce or
testing of tg %Flgée)gt invention, the preferred nmethods and materials are
now descri be ubl i cations nmentioned herein are incorporated herein by
ref erend@02p di scIndbeSUém‘dt gethedsiforaletemp it the dscenidfior ofrmataeslyalisai n
fﬁg?e;tsl age\é\" e%oe 832% ﬁLd t% t'es?gélaaa!’;?luﬁhé' oqdhfgegen%:ig]eas otftl{mtgstt sttr)1% 20t ed
"and", and "hindiig pkryxslomgeapdamphlapplm‘deheeﬂbsreunhxesmteﬂ heespemvex&ﬂeciaearl y

di ctates ot herwi se e ference to ge i nctudes a
plurality of &UeK OPgé{ﬁgﬁ’{OE“ e&ﬂld()f)%g%@f‘@“@'eefd fe”f“r‘léreéspﬁlﬁrog reir}t?ﬁtlaﬁcdes

ref erence todeagoar cabbbfthaplpalistdiSesntards eqyatewaﬂnedltos)etumraaoé ofdown to those
skilled mthe art, and sq forth,. réo£’0024 The ubI [ Cel}?l ons di cussed herein
are provi dedS¥5FigRyFTIOYRt A RETRE g %Mfﬂé%ﬁﬂ pligngtfifenglyeihgiedat e of the
present appl pe@idi6ical NRipK RUeiMk ot the afels RLrMRNRE td MOE @B cidft sadplessi on t hat
the present invention is not entitled to antedate such publication by
virtue of prWGereiarRpe AstFannedmgr ohaye suffraend sararle pe npinsed wdhs SHvpivirlied may
be different forvmzhta&%@%rta@é m@&;ue l&lﬁgme@ﬂb jdatRshoebi ch may need to be
|ndependently confirnmed. urther describing the subject

i nvention, the subject deV| ces are described first. Next, a description of
the subject nmethods is prawdeisch@rioRvEoridDRawRYs ew of kits which include
t he subj ect devices. DEVICES [0026] As nentioned above, the subject devices
i ncl uded0@i3par at uBmyrefloan egernplpmyi 1gpusspntatize caprERELLiE (51 strip witable farassvitone
analyte ma sanpl e applied to a test strip that is inserted
into a subj e@{%ﬂﬁ)géﬁg‘%g&n More specifically, the apparatuses of the subject
i nvent i dp0ldhabl e Figered!es esdhematid oew of ant fxempncentadandnoef aofubiget dpparstus one
analyte in aph Xgh? E{asoc M Sew@yen in those instances where the
measurenent area’ o strip1s not uniformy wetted, for exanple
because [a01S] nsuf f FxguemBAaBdbalmw cofargsd pidreviews aquaho@daxmhpimetembachldiems obecause

sanpl e appligd Lhereto J & w0k 8YSetdl S oMl 8% QMG el NS st Tvh Py of

configurations.

[0016] Figures 4A-4C show exemplary embodiments of imaging optics of the subject
mvention.
[0017] Figure 5 shows an exemplary embodiment of an exemplary measurement area of

a test strip with a detector array of the subject invention.

LFS-194 4



+ Alty Dkt No LIFE-075 entire neasurenent area. Cenerally, the subject
appar at uses can be characterized as optically-based neters and are
configured for receiving a test strip, such as the type of test strip
descri bed bel ow. The optical apparatuses read the test strip or determ ne
anal yte concentration of a sanple applied to the test strip by _Hginating

&

il
a plurality of different areas of the test strip and neasuring gg%ebtl ng
reflected |ight from eagiraiies p€BRrAldR oF i R9rohkeast one detector for
each different area. Only the neasurenents fromthose areas which are
det er mi H¥d8k 0 havApParagises and imetods s dpEmofing Apsoacepasiend dan eimdytamount  of
reflected Ii t, f: i r f.l G by
sanple, are %@glg%%%gﬁglgléé’%%éﬁ‘l“?l%%“%ﬁ%%ﬁ%ﬁﬁl gésé}éﬂ%%ﬁ[ #eé%t;gg%g] \c/!\here t he
areas det er nionad forotradigingapdursluy bf differeht seaspl @ tesi stdp thatias béen iberted

sufficiently. ted by sanpl are.not used or rather are excluded fromthe
det er mi nati oR of*® %Pr?gfaéisea {%eﬁg%ﬁ??yaﬁof g?{?ctglfééefgfteq'ﬁ%ﬂgw wep OF ‘ﬁ%@ﬁ‘ﬁﬂa’n i's

sui t abl e f orofusferwittaleagrevt ety nehnsdot dutdrmiifid whetiphatsoffiRichi HLndaht &Pt i cal
(herein used interchangeably) e test rips as, are known in the art,
wher e repr essé‘ﬁ‘tpgft‘? 9@5‘3@3%?%#@’? fﬁ‘%/gl“f%@f ngﬁtff‘?rﬁ‘g afges py ﬁ"é‘?‘HE%‘E% febleded ]hghgf;;r eat er
detai | bel oWherSH6h, dn@%ieafd fof Rerfrinifl ths @oddBnttdien detebmifabiedoffhea W de
variety of different anal yte concentrations, where representative anal ytes

i ncl ude, buteBPEeERt fqierdEm Hosegre delermiprp datesbicient sastpdt, ethers| cohol

bi i rubin, hepRWEHhihed RS K€ lri&Bnt shilp BB LIRAGH HB Fhaiyte bR ARSI STTT PS
used wth the subject invention are used to determ ne the glucose
concentrati qiﬁqrmmatl@hy_si ol ogi cal sanple, e.g., interstitial fluid, blood,

bl ood f[o%%]' ons, Iﬁ%sshtsjw%th%&, fb?ﬁ&@émmﬂg%etc fcehirdifon o P28kl B of Urther
describlng the subject “i nvention, a review of representative ¢Sl orimetric
test strips nhysivlogegl shinpld aped e 2 teststrep, 8 pbirdty o ffercritansne of ths tegratrifi ded
first to proyvi q for subj ect i nt | where such
2 Tovi ew | o Byl EH0RGE P aRL LBl ot IRaRLET oo TR gl 0L 7 e
i nvention. Tiuduerigvhtemedoffom eqzhes datphiralite of dffbrestaréapshe ebthiotd efledhnby a
description of the subj.ect. apparatuses and,the.sybject nethods. Finally, a
descri ption (g“fa t&?rflgaclfﬂ&lf ﬁﬁé)leur%]ﬁy B&%&?F%{F%ds PHE TS F%E? nhEhs P 2i s provi ded.
Repr esent at i sa€fidial embune bf datpleas hotShiid fas c¢ldeRR}iod bthe aladyte il|hé | C r eagent

test strips | oyed in these eppodiments of the subject.invention are
Goner al |y o0 TEGH P ds et EhEoR 18 B G T RELR SR r e PR 111 or
recei vi ng a sdiphess dteiRagendt (€ 04VP QsfificieftsafnpRtarsiud i das tha detivdtioh. Usis
conponent) that, ‘J";FEaS- 94  Atty. Dkt ﬁlouél FE—OLS typically includes one or
mor e nmenber sPTBYISHATG KL F we R prach g s subieal MpP¥uci ng system and a support
el ement [¢bZ29] The @f&E thidRtdsért nivestionSt AdsPSbed| €506 BE ugHersbsbdamd tiadiapéngien t 0 be
received in an automnat ed.m?ter g\s descri_ged bel ow, f(%r automatjcally

det er ni ni ng 6 At lEBHddnparaaias frbpdimants Azicyibeel v warmst sPyseiBdditient of a
representatijyg ©®k QhderRdddithat HRIEmSAd1bdY dsed BHAMAL foPthEbGRb® oF dedehiBige 1 shows
colorinetric test strip 80 mwhich matrix 11 is positioned at one end of
support el engsiculap CWPQ‘EmQEHh%@Y Apad 5310t imtengedeto pa limgtings sgesihe poope ofghor t

el ement 12 m LAg @l &80R il ichitedabhly By MbhGRyAqSRIRL € can be applied to one
side of matrix 11 and a reaction can’be detected therefrom Usually, sanple
i s appl i@k o oneVhirgleragee pitakiex sPIovaded, & isnadesioohthpieagleméer@dearluanot her
or opposite gigleeah oFRELhiXofdte I0VWENR unle (HEEREANEILAH ALhENSnRssPOSSI bl €
as well. The conponents of a representative, exenplary colorinetric test
strip will nowéss thagped dpddovan Limatrad e taae andiiay piher §t0e8e] intveveping valde i s made
of an inert gapethal L SnRL L A8%BiSHPROLEiL Ond 5y AliiYS: ITRRET S Of

t he signal producing s stem &<Cribed be ow, as we as the I'1ght

absor bi ng orthedersaabiegemiges prpmdetenddntle be irtchieed mdhcabadler rapgsdudsd by t he

signal producing system. Mtrix.11 is confiqured to vide a location for
t he physi ol ogice&pas ‘?ﬁlrfﬁﬂj]é“ th inyentiqgy ghEct QGpY ngceé‘ﬁlc?}h eé%‘g%d IIIIBI(EHPII“%?{QLF r the
detection of the |ight-absorbing product produced by the indicator of the
signal predagi ng system As such, theslatter |ocation nmay be characterized
as the testing, detection or nmeasurenent area of the test strip. As such,
matrix 11 is one that is permssive of aqueous fluid flow through it and
provi des sufficient void space for the chem cal reactions of the signa
produci ng systemto take place. A nunber of different matrices have been
devel oped for use in various anal yte detection assays, which matrices may
differ interns of materials, dinensions and the |ike, where representative
matrices include, but are not limted to, those described in U S. Patent
Nos.: 4,734, 360; 4,900, 666; 4,935,346; 5,059, 394; 5,304, 468; 5, 306, 623;

5, 41 8, 142; 5,426,032; 5,515,170; 5,526,120; 5,563,042; 5,620, 863;
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"Atty Dkt No. LIFE-G ~ convenience and the |ike As such) the dinensions and
porosity of the matrix may vary greatly, where matrix 11 may or nay not
have pores and/or a porosity gradient, a g with | arger pores near or at the
sanpl e application region and snaller pores at the detection regi on. The
materials fromwhich matrix 11 may be fabricated vary, andping! Ugg s
polynmers, a g. polysulfone, polyam des, cellul ose or abso Bent paper, and
the like, Whgnge tV1ReBlcatidl rafBYn Rl d?%thbﬁﬂ{e'ﬁnﬁ%t 1288t 48@n QuRr ovi de
for coval ent of non-coval ent attachment of the variolus members of the

si gnal pr odu@?thgf%19%etléﬁtlde$|11§hfélﬂfepﬂ59d%¢d‘té inghg treanfc@031] In addition to

mat ri x he ! eSiieSLERRA LNHAL L el Oenfif o BRLELIIBIBEES 0 v S Onal
produci g s stem |ch produces a etectali1 Inresp o 19
presence of mmlryttaemgwhp@hmd@wmteasbioel bprooduf:dtrdmany shlel 1U$t®chrtttow¢le:h|thte the
amount of anal Lesent, o, Lhe asg: ed sa t he t.est S, the
one or nore fe lon%elg?gst ﬁ‘é noueh ey proé %:nidng%s)rﬂ/as Sénnltq%roée%"g%a c”itgctté?fp

coval ently odesamdchematl cem‘alsybatﬁeaohedpﬁaa;cea)t tels BxaSdf tie redehi i0ventibn, (fie €. the

det ecti on, tes [ urenment area and in certain
enbodi nent s It’rS ‘g glﬁgead‘ﬁlrvteétaSabel’“%%etsgg’e?‘tl?&”[pﬁg%‘? onsmeugpReg;hgremn
enbodi ment s, ar€ irGorporidiiered Bic@feentStoldie RO @ dydeSerdt theth@h®Sand/bhe si gnal
producing systemis an analyte oxidation signal Fwodum ng system By

anal yte oxi dfé‘t“ieﬁﬂs&‘@H%CUWUHM’P%@}F@PWIP‘Z@ ¥eeid- that in generating the
det ect abjpa3pi gnalyt fl@1He Whieg Mhat Res@NAl ndGRREERhERED OBt BReP&™I € IS
derived, the analyte is oxidized by one or nore suitable enzynes to produce
an oxi di zed fognmadt “anfs a%éh%/ﬂ&@d@@@“@@@ﬁé@@@h@ﬁ thg cartexpelopbr distaanl  anmount
of hydrogen geroxldgn,s 10980RER0N AE,dn hIET: CTRIANSGr ol LUTN, 1O
generate the det ecta e pro Fom one or-more I ndi éat or conpounds, where
the amount ofeagretseod atftrenqs rt@dhmppgl@her atkgdeSbyfetehee wicgnal mpagpAritigs syst em
i.e the si gﬁ%'equf[ Elextxtp B ebPLAWED I3 sé&‘ﬁleﬁ”}t)tﬁp%n apglyte in the initial
sanple. As such al yte oxi da on si uc ng systemnms present m
t he subjl@cd] t est 'ﬁtemmplecaacvre daicmed:lmmeertelpyovmdrsalcb'émtheddlaslosmymbmgm

per oxi de bas OdUCI 33 ndlcat d above, the
hydr ogen per%xﬁdegggfé(eip rﬁhegp%ﬁﬁg ucrﬁathsn qtereelrrrtslAl%onc i Stmegtal st enzyme

t hat oxidi ZESdrﬁlkBk)rﬂhﬂltljﬁ[ﬁ@ﬁﬂtdn@hﬂdUﬁﬂst eatitial t @spodieliuey pabiivaridn byfwhtyadr ogen

per oxi de, 1. t he armu t of er OXi de I.S odu

proporti onal Oftpc51°f HE 4B u ‘t‘rtktf’f t]%t ‘%1 ggp‘ﬂ’&&té’t’?tpr?vh %H%aysbérf@{f ent tl§epeC| fic
nature of t hidgual p§hlitbnQates Ahicy mablabed tblde lddE[&nGJrﬁlyfcbﬁﬁﬁneenZyﬁE necessarily
depends on _the n re of the anal yte being assayed i s general an

oxi dase [#5kych, a}f‘Lhi‘éfﬁFf flesr ‘X’ﬂr"éﬁ&m%@m%EyItﬂ% 40 V&ﬁ%%‘“g%ﬂ%}?% fjrée
analyte is gN&Q%&kcrltﬁlbﬂbﬁﬁ)E&Etgﬁct aiho@sie plovliied, Golidveeddiyal iydiew bBkits

chol esterol);  al coh oxi dase évvhere the analyte is alcohol); lactate

oxi dase (whePBCRHESRepPReTEeYicist ate) and the |ike. Ot her oxidizing
enzynmes for use with these and other analytes of interest are known to
those of skill mthe art and may al so be enployed. In those preferred
embodi nent s REYIEEShe reagent test strip is designed for the detection of
gl ucose ggLent r al{ QBntioh&Pabold He BEEHTBYitS 119311%9§ﬁpa%sg§§>?detgrhﬁng% yeose
oxi dase may be obtained from any convenient source, e.g. a naturally
occurring soeaneenteaiierhofas leasvae eahitus aphydelogeal pample Apalisehito dicstsEBORYi nant | y
produced. (0f%dknéy ARGANGIANGHIELL Md:-DhoSENR), tRBTHELAR PHS LAY be an
enzyne t hat catal yzes the conhversion of one or nore indicator corrpounds
into a det ecinabitongnabliube déterntirpsioppEbepmeenifatiny of b drast gpepestitd@ 2 where t he
anount of det u Lk leS

proporti onal P lfﬁ ?c%e‘:%estr%o %t’ S%P ng%éredgseﬁ{cgsg\ylgeggglgﬁehmra?i&%(réesgtﬁ% © LI'h| S
second enzynerip & r@eumfcwlnlyywatepefone«anha&é;pcawlsﬁemnstﬁﬁcnab Iamomeroésantjﬁsxes

i nclude: horsera xl dase er oxi ase

pr oduced perﬁBPha‘g reé é)yr/h?%gesé RPéPpc%gY}ﬁgWﬁém el |d§ Ve agﬁl%l ty and
the like. See e.g., Y. C, F. Wang; Analytica Chimca Acta, 233 (1990),
299- 302.1FS-194 6



*[003S] The indicator conpound or compounds, e.g., substrates, are ones that
are either forned_or deconposed by the hydrogen peroxide in the presence of
t he peroxi dase to produce an indicator dye that absorbs light in a

predet ermi ned wavel ength range. Preferably the indicator dye absorbs
strongly at a wavelength different fromthat at which the sanple or the
testing reagent absorbs strongly. The oxidized form of ﬁﬁeDﬂﬁgrégﬁﬁﬁ may be

a col ored, n o Ies final prod evi,dences a
change m col ortlr%)wfl%%n? o F%g’re%?f%ey @8 Ct RS AR Ca“'clhﬁ 3 arwerfzgdé 3y, the
testing r eagep't[cam&hasne(hmecimE&ldhh@:o@fﬁ@&@j‘lﬁbﬁe@élv@gEG@SﬂnpmsﬁchSa’imﬂHt@pd)cyf a

col ored area, bei n I d o alternatively, ol orl ess area

devel opi ng cE?IStOSF 6%‘?%618& @Etoé’Pcag §fer%§¥t%ﬁ ﬁ“’&g’e‘#elﬁmr”}’? aplktepr esent
invention i n@éﬂé@rﬁraﬁ@ﬁ Bf DfAEpBIhp ka0 %W%B%y@lh{nﬁﬁﬂi’ﬁgﬁbﬁrrﬁ#p&td’lﬁter%l%

One- conponent systens include aromati c am nes, aronatic al cohols, aznes,

and benzi di nagas o lenessripend msesAye desesiing eifisetcdidzht frop eagthirea seppratsbimonent
systens incl uggg 1ch@sCore M MBL LR O dﬁ”ﬁ%@%é‘tod hyﬁ’l—glﬁé LRt 835 dcl Atty
Dkt. No LIFE-0O MBTH derivative (see for exa ose crilr sclosed in U S

Pat ent Appl i erats gricsee deligunggp 802, 2Gpificint onpor of eoipldreidmntiye arefust ence)

or 4-am noan r romatic
e e e S S B R e S S T T et

al dehyde Ex theplktarmyingtivo-of emghon enicers e ome eedrtise Smtdhgzhmﬂedam zobdveazohnone
hydr azone hyd chl or| 3dn1 am nobenzoi ¢ acid
(P T BB SO ek & o6 R G e S S e T PO e
(DCHBS) ;  andedhuied fpin-tRe detrdaiatbnafahbperehydrasane N-sul fonyl
benzeneibrd&%i)nate nos.odi. um I\/BTHSB% onmbi ned with 8 ani | i no-1 napht hal ene
sul f oni i SRt ARS o 17 syiiable Apriise B aiv AR &f colRneiife coupl e
MBTHSB- ANS i shotfh@fie b @ftical [(RQSH Lisel intyehan@bdbe)) qqraimdstﬁm&re 1&g ah ther oduci ng
systens that produce a fluorescent detectabl e product (or detectable non-

fiuorescent &hEETERreseytave salorimatyiq igptatips pill B%éqearbﬁeﬁusreﬁaweeé belept oyed,
such as t hoseudiastkiriBefind ike ikihY @SiBimiddioh 9¥a wiRSHK&y GhiEt@nt NeMte | uor ogeni ¢
substrates for Horseradi sh Peroxi dase. rapid and sensitive assay for

hydr ogen per e30CRrErafings, YHEe moressteys enalypaingluge At apy s Hevied tos glucoseo80) 1009,
109-113. SUpPleléste%lelantE Al BASBDili MBI hé?negtécrftsanﬂ%éq;kkﬂrﬁﬁﬁr@%ﬁ)@dﬁ&n% support
el ement 12. Support elenent 12 may be a material that is sufficiently
rigid to be fhadest steps ysad Ulthﬁleéu@mfrﬂtve@%@ﬁ wsed g defermie shergdcope wi t hout undue
bendi ng or kw{gaﬁgmmtarﬂh%% %Xaxﬁ&leaéaé]alﬁféﬁ%ﬁl‘hu?d‘gﬁ% th1glaHRAdns12 by any
conveni ent ani sms : ¢l esive t herein shown attached
using an adhewistigenigtherent, numneehdaodr ments, support nenber 12 is nade of

mat eri al h as i y I

rat e ! lagfh 35 AR BLEATye BeSnie LKA RSO RNAARUR B
12 typical |l ytedi smurattm’s may fiod nseesigothel subyast afperahueesgs provided st togsavidgaip In the
exanpl e shown_in e t I e side
of matrix 11pr°PE)rme%%§n é\or@gg‘&éecwlg%gmai‘LE&%&Ché%%‘)f 1‘?%’2&8 gg?%ﬁ eePrent i's
attached t o thksadbthetendsddelunft testoperof 1 is@naen. t’Ehe rs\aerwjmi epresenta@verimbtr i X

bet ween two support, e ar dl es t he
Cength of "sutfo e ereSel Ty Lidierp it TG FRR R A B BesPrelifin of ¢ est
strip 80, theinkly,aldetcempadhoftiits tdi@sd i@ Pracating meaﬁbjg:enemaﬂshyptoﬁ&ed94 11

Representative Colorimetric Test Strips

[0029] The colorimetric reagent test strips employed in these embodiments of the subject
invention are generally made up of at least the following components: a matrix 11 for

receiving a sample, a reagent composition (not shown as a structural component) that

LFS-194 7



"Atty. Dkt No LIFE-075 ranges from about 20 nmto about 80 rnm wusually from
about 20 mmto about 65 mm and nore usually from about 39 mmto about 57
nm the width of the test strip 80 typically ranges fromabout 5 mMmto
about 25 mm nore usually fromabout 6 mMmmto about 19 mm and the thickness
of the test strip 80 typically ranges fromabout 0. I5 mmto about 0.40 nm
more usual ly from about 0.18 nmto about 0.38 nm [ 0040J A De¥THIBEd above,
support el enB I(;ssdusual I%’{1 confi urefd to enabl e test st r(l 80 to be used
with or inse éca 955 6 CEIROTC ARCTUTTEYCT 28 GREF PN ST ORIl PROUS G SYFHRIS ¢ est

strip 80, isaidpiuppb ylemmttlh(?rtfe&bnihﬁfetrft 1S brsib Qe t@iﬂgyreﬂa@dm 1¢li & beor
square-like strip,. where thg di mensi ons of support elenment 12 vary

accordi ng toreﬁel\‘/%{jr’lnéflﬂmﬂmﬁe Betsr s deserihd helaye fogpiapatically Setﬁlﬁ%@’ég&e skill in
the art. [O0ddntedtfutibi$biNG: a5kl ?ta Anceseé@gsmlryeenﬂuoam;eﬁ%fasrégreaemawer%h&uﬁe%l@' | oved
to react with the nenbers of the signal producing systemto produce a

det ect abl e pesidier isshean pdigwek Frgurd hshowsapotimetrigiesponp Bdmavhiclometia i ni ti al
anount prese fl 2 SRR n dto
matrix 11 of it ﬁ?o%lgg?ﬁgme%ndgpﬁegéwa% e 12energl‘i?fi&vrew118 AﬁOl\E}oH(r)ngsglgtngl ng
from about Ouﬁsup}bort@exammz mltﬁe q:rba oﬂihansahpi \ehmlag/salne)la ahbodpdied id euemat ri x 11
using any conyen t. ot where the | .e e |n cted Iomed to
wick, or be & etlr V\nqg)él?:{n P45 5%18 A eec}eéeﬁﬁaﬁi@%’fomg%‘é abi'e 13?

Si gnal pr oduomlszdz:yoftrmlsl lgamala r@i’cﬁﬁi‘u@idalgctsd/sttaﬁﬂﬂqerios oﬁ[h)@iﬂe dﬁﬁhmtﬂmedl and
relatedtotgﬁ(? armu[}ltg até&/telnt elnlLLrg n‘g ]:As menti aned above,
in many embod?HERES 'é??ﬂf_‘%u "3 ATFIPOEPIE &5 Wik 1EF GumRonenES ¢4 4 TSP IS matri x
11 and the asuiplarptoloebetit &bl s&ifwicHeot bel dsdribedindedretghined at anot her or
second side of matrix 11, where in many enbodi nents the anount of
detectabl e product is determ ned on a side opposite the first side In
certain enbodi nents, auiierated neters that performthe above nenti oned
detection and relation steps are_enpl oyed, as noted above. The above

descri bd@030kact i oMatriydd drmppdsipf aweft@raé&riahtyhlsh Bio¥idesassuppert fog dhejviageysunent s

for perform pgnblig oﬁﬁi@%gnﬂgﬁodﬁélﬁé %@fenﬂ@@s@ﬁbéﬁ%lo‘vﬁ asu,v§} aslﬁ@et %tt ah¥Bbin

4,734, 360; 4,900, 666; 4,93 059, 394; 5,304, 4 623; § 418,

| 42; 5, 426, OQIZOhI@TI@EElCPMUCtBl %2@ lleOatOKSPSlGBC@@M thf@l%\z@r%@m%ysﬁ% 429
5,573,452; 5 4. 5 ; ; 8,8
5,972, 294, R/[Zﬁg( 1?101 (%Osu1 g%@(g@;% 19 ﬁ’g%éoqﬁlgrrtg? }%'fé%(i:gr%g%sragl? ed E?lr%e ‘er ence.
[0042J Exarrphmsshc@fon@mi 8 focateanrier theégmmpn et hslutran‘ogpsbmmmodmw@echéned Wwith

U'S. “pat ont RESRIAAGELR5IHrodlhe Byl o el g b BRG H5 "0 00"
5, 753, 452, S5¢hed1e2izél astthetedingoletstiore rofaswibiet ager ef thetesl swip. doonrgor at ed by
reference Th%a%?(t 1'1qgl)nepl‘9£‘?sr;?eprnfs§9esof aqueous fluid flow through it and provides

sufficient void space for the chemical reactions of the signal producing system to take

place. A number of different matrices have been developed for use in various analyte
detection assays, which matrices may differ in terms of materials, dimensions and the
like, where representative matrices include, but are not limited to, those described in U.S.
Patent Nos.: 4,734,360, 4,900,666; 4,935,346; 5,059,394, 5,304,468; 5,306,623;
5,418,142; 5,426,032; 5,515,170, 5,526,120; 5,563,042, 5,620,863; 5,753,429;
5,573,452; 5,780,304, 5,789,255; 5,843,691, 5,846,486; 5,968,836 and 5,972,294, the
disclosures of which are herein incorporated by reference. In principle, the nature of
matrix 11 is not critical to the subject test strips and therefore is chosen with respect to

other factors, including the nature of the instrument which is used to read the test strip,

LFS-194 8



'[0043] As summarized above, the subject invention provides apparatuses,
i.e., optical neters, for use with test strips, such as the type descri bed
above, and which are configured to determ ne the concentration of at | east
one analyte in a physiological sanple applied to the test strip. The
optical neters of the subject invention include at |est one |ight source
for illuninating a testing area of a test strip that is*PhBEMNeH o the
neter, a detector. r - lurality of detectors for detecting
ot ectod 11 gt epe e B pREr ALl R QB RradFieR el B (et est
strip respecgicutdy, whemeansx flonaydetmeaymonhavg pefee s agedsitdphfieneat area of
the testing area has a SUftLpi Ci eqt aq.nunt of sanpl e based on the anount of
reflected i GRCT AEEELFEY 4 HEPEPR'E AP SHE TRENS oAl &t ROrssEh A §5%PBm onl y
those areas ggtoar mheedtetiols rameviactsudtfik ¢1 @AY baMbHbdtedfars aAPIn8ludé - €., those
areas determ ned to be suféi ciently wetted by sanple, the concentration of

y mp (
at | east onePAREFYt%S PAYEHHENS RO PBIdgYycellioss shphserbspprpe nd dhetlike, Whest stri p.
[0044] The siygend@drial Rgy SUBiyakE bdRh&IoRalMel bo BT BEPSANNE BR-cBvalk i ety of
factors such as the size of the test strips used wth the neters, the shape
of the test ataciupent obthg vangpegapergehide sighgl pradveingsiséars of the subj ect
invention are small enough to be portable or easily noveable. By way of
exanple, the length of an apparatus typically ranges from about 45 nmto
about 160 nm and nor e Signabfrbgucingdiystaiout 50 nm to about 150 nm the wi dth
typical | nges {r ) - 0 0. nd_ nmore usual |y .from
about 4&)(}/0%?1{3l to ab%&? &b@pt%ﬁagﬁgut’ ga?sﬁ?tggﬁgggerf%%ﬁp f}r rpgrﬁ&aeén%?rrsé’%aabout 10
mmt o about ggnharmodndngrysemugiicl drydukesondeadoabite pt@iuamin rapatze ut th@pressire [ 0045]
Li kew se, the.shapes. of .th ubj ec ters, will vary, where the shapes may
Fange. Trom SPHRRT BhEARRGEE hE e Banbodb HenedRe P Lok ondta o i 1]
assunme a ci r pth@dssayebbanide. 1aViRl test SEPARIR @€ of fofeaidtledd ofSap/al al t hough
ot her shapes are possible as well, such as irregular or c | ex . shapes.
[0046] The sPBBfe HEF@AE FCTIHohe VR G PHmoREL IRt EHor S1%@fiénce t o
the Fi gures, pshex 6f (b kifle Be1EBRIHA | t&nh £ Y BERembhtkieeal RARRNE A iPEerfa@at Ures. An
exenpl ary en}c))odi ment of a subiyect apgrg(rlalt us 20 is shown schematically in

Fi gure 2 whefBOBaYs PorPsEpidivgiiodmayx Il arty Dkt No LfI=E-U7~
represemidtj ve temtceddi®BmBAimdniLe.g., WBERIghicOe it 88 hhdigte Bf BRrebd tRfsfgnxed to a
portion of support 12, i s shown operatively associated with apparah.is 20
[0047] As meProfwHREsYsE@ean aaplytsroxidgdorpngnahploderng systeme By pngpe okidgn sour ce
19. Light so QuihiPly8Ek s hbthal biGRhm $hich e © O
Tt X 1L, hEs pruBR Ol SERS, GO gt R Blaple Menk B Fhich e
reacting wit bnabde caucentrahe i thesampletihderigedvpecnalats idegdirédycnabomere Mor e
specifically i )\ ] j a of

i x 11, bR . B GBSl SR, s S pelnghet O
source 19 t ypiopetipyel pmeunydblydspgen piroxider TheihygrogérorpeoxideEpjhen emplayedoinher

conveni ent || i .

phot ot r ansi stugl?’fto gﬁ‘g{a& ﬁg@ﬁ%gﬁ&@dgﬁ{m ?#’%ﬁ?ﬂ Osrghnrd %:Cé{o%&ggk?%}?ﬁg&%m or
more LED southeesioust.of dgtectdblequodiEzenonated by thegignal méasgpting syifterde’ectipabl e of
emtting two_.or hStinct vel enaths. of Light.  Lig C is
usual I'y capaﬁ)lﬁréal’g? {hg%getlaﬁ%dntgﬂ]eia\éﬁtu l(a?taot% a%?éggfnetff\l%f%%l %aénrfg%’ngg ??@Lr%qea 8%?: 400 nm
t o about 1006xitationygualproduting syseBpies&itn thastigecalzowstrifB 46 asm coffentlyexanpl e,

where two distinct. wavel engths are enpl oyed, |ight source 19 is capabl e of
emitting |i gﬁliaraéfmé%%ﬁﬁyg@ge“rﬂ’?foé‘hdce? b&%ﬁ{g%% 0 ﬁﬁ#%einﬁf' many enbodi nents the
l'i ght sqwg,gpdi s C@pﬂbiﬁﬁefﬁboﬁmtﬁdﬂyﬂ@gbxﬁ pHrbx18d bbala&i)sul%naﬁﬁ_ﬁdmgap'd;rﬁﬁo nm gnd m
certain enbodi prents the |light source is, ca e of emttin i ght about
525 nm 630 RN LEh AR Tt OB P bR RTRO e P REPABIR SRUTHE

descri bed hepgifgeaiperokide, i@X elERidilt Uy ROs@DeMde tiRt pédicédisno way i nt ended
to Itmt the scope of the invention as nmany ot her conbi n,?,ti ons gf

wavel engt hs arogoRsead fhihe ameunhaf nalyssaesspian Mol sgmplga il ampealf pghee o B ces t hat
produce wavel engt hs of |ight described above are known in the art and

i ncl ude,LFlF).t_Jlt94i s not limted to, an LYS A676 |ight source capabl e of

emtting light of 635 nmand 700 nm avail able from ASR AM Opt o
Sem conductor, Inc.



'[004%] Apparatus 20 also includes a plurality of |ight detectors or rather
an array of detectors 21. By plurality is meant greater than about two
detectors. Typically, about three detectors or nore are present, e.g., in a
linear or triangular arrangenment, usually about four detectors or nore are
present (e.g., configured in a 2X2 arrangenent), where the nunber of
detectors nmay range from about 6 detectors to about | 00 A8¥ Phbi e LEELEct or s,
where the nu r r I var endi n n.the size and
shape of the[f?sgs Zlgltﬁlgeq@ée%&gf&ﬁal{mogyk%%awr @ ?EH% ng\/\ﬁsrag doblitllf‘e number of

i ndi vi dual detectligras okidadte I?PBIS&C—humedﬁeitemﬁyﬁre mzryrbayglﬁébsa: sxitak aM&de the t he
nunber of discrete sections or esting. area that e measur ed.

Of interest 5?@'18&5@ P CgPlreéyré’??Wgarse fﬁber% ‘éa’é?%g’ts CE‘%@“%@& aiCAP ol Atty Dkt No
LI FE- 07~ 9 dekidgde@tvhsre the@nalytdistaléhhyl)adite axigaa®Rhere &b@hﬁlyt&@l@&it%@rs

e.g., inad4xi4 arran enent, and about 25 detectors or nore, ., inahb
x 5 arr angendistiksr Offsr dlémﬁeﬁzyg}eﬁ%émlﬁlttP%ﬁ@“@ﬁﬁ‘é‘tﬂ“ﬁ%ﬁs§f’rﬁlﬁwsh§364
detectors, ekfown fhosEBAIIRI B thlrt Mﬁ%a‘@‘aqsla bre%ﬁlb%ggijll@trhoéy g4af e-1i ke shaped
testing areas. In certain enbodi ments of the subject in Jenti on enpl oyi ng a
char ge coupl eabefsyprrewheretDyryagentriest sirip fsrdgggnadifer ﬂ.aﬁ fleigctipnp! glasase about |, 000
or nore dete 4 x
2048 arrange(rér{)ax{r%'%I§tr g%(;% ['Staf{ny}E hgldﬁ%ﬁ%ér%;%f )ﬁ”&é?ég Srogﬁgglﬁybeg’% e

array may rafige @y oenvatoutsoRct,e.gt hmjsrakhsdsqcuwgwcqﬁuclexsamgdmInygeand not
in any way intg e, of the invention, for a testing area
that has a Ie} {"%?lggﬁrig)lrn% {r)lg%ﬁng C?Q ‘mto about 6 mMmmand a rvidth

rangi ng [603@m abouA sacomimnzxymaloﬁtmb s@nahprodluheg mysteemaypbe aetnewhothst Wi | | usual |y
range from aboult ]TO 5 and noyre, usual | from Fgoyaﬁ) 25 0. .about
64. [0049] TREV¥GAM egcﬁ%"ﬁ‘ono Sf PHECG A REHD FLTPHALS I 2Pl Y e or
array nay vatie pagededt igirégen peroride,athéredhe 4racdndbSdetddtbledsodubithative and shape
of the testing ar l.i ke; however, the detector array_ is configured

nd the
as a single B?ﬂdt"’ed%ﬁgl‘s Feécnot"Hsepfafé?tr%‘?,’{ab‘ioéh%?ﬁ’éouﬁé%f&w@ﬁwqr@@@[tH@r‘Sto form
one piece or ﬁ&@&lt Cm%&{&enzﬁnéhs,gexhdﬂali ?Fd’xﬁ&és@'ﬁvh%'sﬁttaﬁa)ﬁﬁﬁrc@cﬁd’a@é@gemnt or
pattern or the like. j0050] Figures H show exenpl ary enbodi nents of the
subj ect det egeBidedorsgirdihpriatdase fiRbl Foyorer i fer e FEATOBBLBOTHNSS D1 a-2IN in a

vari ety of cegbkigikeahd QRshetWABL ssffaclhg B&maatﬁeqétlﬂﬁh@&ﬁh@nlﬁeas&eg Y.
configurations thereof are exenplary are in no way intended to

linit the scopé- b\fangr@%lxﬁ\%ﬁmnwmb@é% 6{9%) ¥99-H%gure 3 A shows an

exenpl arpy ﬁrbodl nﬁmmmata%%sﬁ{d RLbe oufds, B3V kiBifed Sle@nb Ot ard difhst
detector 21 second det ect or hird detector 21 c, fourth detector

21 d, fifth d@tneépmecmme‘ébodthsinxdrhgque)te@@dﬁ@rr mszesereenﬁthgmreddasn ta 3 x 2
arrangenent. _Fi : QA5 13 of Qor array 2 |
having 9 det ggotdgéré;a?l |cra§(£t.It ot e%bgésgqéh%?rysecon%}ng%?ggt ()l?%%r%ﬁé, third

det ect or 2 | Pesferfitdy thehnddeatas dyorbs@rbk steynglyi at & wavkdengtht different| fram thef athiclet ect or
21 f, sevent i o] :Qﬁla tor 21 i,
confl gured i nta}gg%&%tog{he%%tl%g%ééﬁg&ggbgﬁﬁoggg Frhﬁéxvxlgl ch{r:ggﬁgfr%géry gO?TbOdI ment
of detector malyzbyaquotwdvﬁamgyﬁoldeﬁe@tcokoslessZ’halzalwuct:tbattfeyglgmceda Flrenge  x 2
arrangenent . n_ex | a ay 21
navi ng. 12 decaot e #3pagREP: A2 ERER: Sk S1RAH), BRRL R e EhaiBy Y 0o
shows an exeﬁml;msymemiﬁghimmmtampdadi)endomrecbarceal;plx&]blmmm a:ltﬁrrldev@ctoprs
2la-21p, LFS-194 15 d‘f% u LI FE-0i5 configured in a 4 x 4

arr angerent . 2EPIQUFSS 2% 98 ﬂ %xenpl ary embodi -nent of detector array 21
havi ng Lfo3pt ect olngicadl eondsbyindsGod hieQidéfain thedprésent idveatisaingledeinith ode- gure 3 G
shows an exenpl ary enbodi rrent of . de ector arra 21 havi ng 5 det ectors, 21
a-21 y, conf PEUMEECRPanent ghramggenie sy RONENY S SN SRR RRHIC ary

embodi ment  of;@ek eeddticAlcbRYs, aﬂméhaé/dd%nﬁ&nékeh@ﬁta@fe&axﬁéthﬁ -bédzidline-Bl@Nf i gur ed
in an 8 x 8 arrangenent. As i's apparent, the nunber of 1ndividual detectors

and the conf iSylighit MOrForReRcEbiysEmssjueg those maruch gre sompmeate MEMEERor array
may vary as appropriate, e.g., nay be made or |l ess or nore detectors than
shown hqrf@ 4 [ 0051] As described aboyg, each detector of detector array 21
is capable of detecting or intercepting reflected light, e, g., diffusely
reflected light, froma respective area or section of a testing area of
matrix | 1. That is, with respect to Figure 2 for exanple, each detector 21
ato 21 i of detector array 21 detects reflected light froma

correspondi ng, discrete, single respective area of matrix 11. As shown in
Figure 2, first detector 2 1 a collects reflected light fromfirst area
1la, second detector 21b detects light fromsecond area 11b, third detector
21c detects light fromthird area 11c, fourth detector 21d detects |ight
fromfourth area 11 d, fifth detector 21 a detect |ight fromflfth area 11

N ~ A .: 1 . a R r 1 S a A r I T



"specific areas of matrix 1 | onto specific, respective detectors. As shown
in Figure 2, imaging optics 31 is configured to inage light fromfirst area
11 a onto first detector 21 a, light fromsecond area 1 | b onto second
detector 21 b, light fromthird area 1 1 ¢ onto third detector 2 I ¢ and
light fromfourth area 11 d onto fourth detector 21 d, and so forth for
each area and respective detector of the detector array“&Pdgpr bpFPat e.

| magi ng opti may. t ake the form of .one ar | ense r pinors or
conbi nati on ﬁ%?r%vxif‘gra(beeex%rﬁ%ﬁg?{eﬁ Q%Q‘)fg mﬁ%? @te%%ppﬁf)a%ﬁ? gﬁ-‘ °S in
certai n enbot$/BENI7S, mkoragiarg hapiniby Sefdtnedyor dakendanepyirae andthe athsd ngl e

el ement | ens such as a doubl e convex Le%s, s shown in Fi gureeﬁ and Figure
4A. I'n cert af HRSPREFS BT ST *oREYT @OWEFP%JB%WW&%& Y form of a

doubl e el enegtolotBsarssitt @Sliphatc PdeHyae. CEMMGNar) 8BNS EsmfpReWsystdinshirgalr € 4B. I'n
ot her enbodi ments, an achromat | ens system whe achromatic | enses,

reby two
each having E’SW\)/E;’(bErPZSWf‘Z%W%E&E}ZOF% f‘?—fé#ﬂﬁ‘%fﬁ‘@%ﬁ) samtntdiiti by Ft gure 4C,
may be used. g ke hensoeRhid a&lw@twmgﬁ, MISEIE b RBd.APRAY 5 ARIKANEWN M the art

[ 0053] Apparatus 20 al so includes neans 24 for determ ning whether a

suf fici ent ahyhenybenzenosulineic a¢id §AGHBE); iard preeteh-banastudzohnasghydrezpnarakes- up
the testing @r j - e S ed upon the
anount of re |S§?9‘§{§b%#€m§’é“%”§c”¥@§£° ) e%‘gﬁgg);{g, |e.d gﬁt,h S?arn@%%t e area

whi ch each dedpatialene sigfoectasidremioaote@hNS)g i certhini esnbodarrests) the dyevenglk | y a
digital inte icuit. .24, where such a digital integrated circuit 24
i s under thegfgglﬁffs%d&\%fm%efseonﬁ'vx/are program and thus is suitably programred
to execys7pll ofintyheotsdr epbodmeitsRiphilgneduc g Wi stak thdt prdduten thetr&kent ne

whet her reflected, |ight detect from each area indicates a sufficient
anount of sa ?Cézfcé’leoqrg‘g%&gﬁg?t&ﬁ@?eem&f H{é?f?stcﬁﬁﬂébs@ﬁ%ieﬁa‘f‘iacfﬁ‘ofeﬁ‘éeft will perform
such requi r egackgrdaid) @t .be Ehgloyéds suchanose dRErball id @ikl Zaaki, Ydsi@ans 24 is
capabl e of executi ng r following an algorithmstored in %}Qe neter to

det er mi ne, bQaEHaNEY Pr@&ff%%ﬁ%t%ﬁﬁs IR b HeE B FEPHY 04 SES Rt ri x 11)
whet her suf f jGi e} haReERh QelofidP bRSAD PerbMdRRC Andly @ BRRAAMISHATDI)!09,

determ nation neans 24 usually reads the output of a signal conversion

el ement suchl®sl@nal og/ digital converter 22 which converts an anal og signal
fromeach detector to a digital signal. Accordingly, Sanple anount

determ nation neans 24 is capable of carrying out all the steps necessary
to determ ne whet her rSappoastElagenti ght detected froma particular area of the
test st gbtﬁS ndi Caﬁd%ixﬁl%ﬁsﬁﬁl@' a@t@&he@'@é"&?p&{ cISARRIE Slﬁbpﬁ)ﬂ%}enﬁﬁte@’méy €.,
indicates that a particular area is sufficiently wettied with sanpl’e or not.
[ 0054] | n adbé oficonateminl thabisapdieenivengid tof keyingate@ mtd an awtprygtestdaeice 8GR RS & ent
sanple is pr | . - : Lp, the
suby cot et el Seny Lash BRRG RAE\R Kalyler ARk #EBY BPRORAo WEREISHILR, ot
an anal yt e i h2 bhanysanpngnbasadnions.telge chmpasidbiestvsy ¢i¢-nleaein shomwanaiiached uf f i ci ent
amount of sanple b I : | t areas of
the test st I’Imél,]g %%drﬁgsqvé:ﬁgafsnngaenggy%gﬁlénggtﬁ’o%@% ﬂ%&/@e?éggsu%{d?crgr gﬁf{gﬁgm)unt of
sanpl e or ar suchat palptleffsact.opdlyeghyieeietoepolywropy lsenpiletarne onpolyessed t o
determne LF3-194 1 -~ fty. t. LI EFE-Q75 anal ntraiion This
means is gengPﬁﬁeﬂglengy’dlﬂeg@?%?{ of the ipp cgl?glamg?tlr_:l %&ch%églcﬁ%rog%;rgeg%mg?%i gi tal

i ntegrated Cihedetigth XGhd t8stunmipgeln thdexamphisholn oifFigurs ofdneauppop eegieami2and t hus
i.s suitably progranmmed to execut 11 of .the steps.or functions required
of STt o anf ST ECSH SOFERANY SOHP R AR BEPFOT RS o

requi red fungfeinemnss athbiadd th She oBRabiNE € BORLE ENEJ Attd OAndetieT tht matrixdatweeans 26
is capabl e of executing or following an algorithmstored mthe neter to
det er ni ne an&YYEPELHEBAF-ati on from those areas deternined to have

suf fici qggzepanpl eRegﬁ&lﬁéseotxklEqﬂ@erream%tl@dgm sRdppetcldnenhay @icat bi ci ent sanpl e
are excluded fromthe determ nation of analyte concentrati (AB'aI yte

n.
concent r at i oRoreRsPEpioThe leagth wb s TR0, thedotahipngthofithy gt sty 8§§e’éer%l par at e
conponent from sanpl e anount eval uati on neans 24, but in certain

enbodi mgnis;gyeans for determ ning whejher 'a sufficient anount of sanple is
present and neans for determi ning the concentration of an anal yte based on
the those areas determ ned to have sufficient sanple nay be the sane
integrated circuit.) Accordingly, digital integrated circuit 26 is capable
of carrying out all the steps necessary to exclude, fromits determ nation
of anal yte concentration, any areas determ ned to have an insufficient
sanpl e based on the reflective |ight values detected therefrom and i ncl ude
only those areas of th,e test strip where sufficient sanple is present,
i.e., the sufficiently wetted areas. [0055] The subject nethods nmay al so

i ncl ude neans23 for calibrating the apparatus and specifically each

N Y N _ o o o B o



sanple applied to a test strip 25, where such a total sanple vol une
determnation is LFS-194 18 Atr,~ Dkt. No LIFE-075 based upon the anount
of reflected light detected fromeach area detei-rriined to have a
sufficient anount of sanple This means is generally a digital integrated
circuit 25, where such a digital integrated circuit 25 is under the control
of a software program and thus is suitably programed t oAtexéedbdds of the
steps or functiongr rggm 8 of it to determ ne the total sanEIe vol une

appl i ed to t HEP&REP™ P‘i“g, YR AR e sHa b T ARQh f SR ORBP P OP 81 t hat
Wil perfor magueloed @Quily £6h bBRELI RRAS EP&lt 57 Sam tiRd RIS st \eLYGE means 25
is capabl e of executing or following an algorithmstored in the neter to
det er i ne, barrer!lyanesf frempbent fimyhio aberieldtan. mpismsedly froay dbautdf muHe t est
strip determ . G , anpl e
vol une appli gﬁ@?éb%@@i{itﬁ t@%kélg%%rﬁg%%%{m# ﬁ%t@&%ﬁ)ﬁ%ﬁéeﬁg@%ogﬁ? I|n?ilcl ude
program and dagzpuiA myn, 27re wiildhiteragbdie 04 8 dingtat zbouti i8egmat ed circuit, that
stores d and t ' ne or re of ,the digital

i ntegrat l"em;c)llz?ﬂc!i r cui ?‘ ;S\ dg#%ﬁ% eé{bprget’ glgp%g{fﬁfeghlgﬁtbﬁégf‘ Suraf%)fn%e)or“g}ggfe%%)o THhe geateS%ﬁpeporti ng
devi ce 28 f oR0coberuseil gathiongstret dto 8 arpre Av ebdin@ppéredethérs 10fand ik yse

concentration,.error nessages, etc., t . user. Accordingly,. reporting
devi ce 28 may PaKe™y r“f%lt‘iérg ﬁ‘ﬁfodmcogﬁﬁu%ﬁaﬂhg&‘rlwﬁ%‘%P%ﬁqﬁir?‘q‘%‘é%tgf”l‘Vpelrec is a
vi sual di spl aye dmehs:@s ofisuppottitlemedty S tvady adtsihgyb 4 YabBly ofFactorg B waIget ti NQ
di ode (LED) display, but it may also be a tape printer, audible signal, or
the |ike. MEP t?‘b@%?]‘)fﬂigl% Bfect invention also provides nethods for

det er m njppgijt he coneipsueh & elordfierddteanalpy tAngdlNisalhaSh M0V Bdhe Sampl e
applied to a test step. Specifically, the subject invention P.r ovi des

met hods for deReR HitifggrAPredig SYstem faonfodice adetgriahly pradig that isRYESE6| ogi cal

sampl e appl i gglad Andunt fRporBbidl B BY BitialhhHAR Brekd? IARC SShp g alldEni@pt i re area
of the test strip where neasurenents are taken, i.e he testing area,

det ection ar éample tabiduiradnesdtto meii, 11iof thedest stpip imagflv?fy;v\}étt!gwr%v hahe sanpl e
ei t her becau%@lum(}a@i@é ilrorﬁtibo%po.ggpfér}l%o@tgOﬁﬁ.ﬂe%rﬁ;ﬁlg %2 IbE ﬁ&o?&%&% 0 to wet

the entire area and/or sanple Is applied uneven r honuniformy. (00S9]
As such, it widuix beusaigray eonvenhaitprathelsiisfeibe samtlhwasbeinsviedalloted mccur at e
determ nat | Oreviaié oP BEoREwiR LG AR ViR aﬁ%ﬂﬁted}tdgééthtﬂggﬁoﬁét,qg. §f§ﬁill§rc§dﬁ%' €

anounts, i e., sanple anounts [ess than convention reduicred. IT'n current
practice, sarbplte sgrelproducofg suioutis tieh d¢temringriond related ndevmubuntofisetly@ testing

area of a test.,str.. agcurate | yvt.e LE5-194..19 At~.%)k.i‘io
ER O condh bl shahe SRE MR G LE by ehBdihys stpiels Biffih 1.2, | g
area need notonbeidevedt 4 fdt sidearf derid d a@btled amaacefidateetalsle ptodi@ ithercent r at i on

determ nations, using .the subject t hods,. | e .ampunts, |.ess than about 5
el S ot tont ¢ deetindlu'apind O ZhEhe SR Ty PRI AP P B B amaunt s o
about 2 pl ormoestofdeyctitte proedtt ismietehinsdibny £citle ofpoki@dse fint @ tlatditain

enbodi ments. For exanple, in certain epbodi nents s | e, vol.une f.. about

0 8 p 1 iy BERRLEAE T G i BeerPhrs B Py eSS Rl Pt e

det er m nat i ORtepSaERMPlIOFEY abrotéddbood UTHRAbove desdrived rp@ioapdetdten &idealamfg t he
test strip using any convenient protocol , where s | e may pe_|njected,

i cked, eto. SRS gl R PEGHRAG oo BB G e BIBRFEATKOTE et otri p
before or af tpafent hes. 934,364 819D0,66%; 493 SBAERAE 05D B94; G309 4bSSVHosB2Dper at i vel y
associated with a sLibject apparatus such that the testing area, i.e., each

area of the UedBilig utdd32:0%° 0120, 1907100 W 16 8B er. 73447 t he opti cal
conponent s ofs 475@sAPPAINAOMSs 7400860 84300981 SRA6/aset NGsHHRIRE S, 9MEISOER | ncl ude
applying sanpl'e"to a'testing area of a test
disclosures of which are herein incorporated by reference.
[0042] Examples of colorimetric reagent test strips that may be used with the subject

invention include, but are not limited to, those described in U.S. Patent Nos.: 5,049,487,
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strip, illumnating the testing area with Iight, obtaining a refl ectance
value fromdifferent areas of the testing area separately or independently,
determ ni ng whet her the obtained refl ectance value from each area indicates
that a sufficient anount of sanple is present in each of the areas, i.e.,
determ ni ng whet her each area is sufficiently wetted by san‘EI e, and
deriving the concentration of at |east one anal yte fronf'tthE<aiesEE07s
determ ned t : S Gl appunt , of s I ere.the areas

det er ni ned ngt5 g%@hg’\zzﬂiiég‘flg ?%?Dé%%ébﬁ%g%rf > (gf;m}smgirraﬁ\f’,\,{e}erglp MREROT in

anal yte concefdremti on determination, i.e., non-wetted or insufficiently
wetted areas are excluded fromthe anal yte concentration determ nation
conput ati ons. Met hods for generally deriving anal yte concentration from
refl ect ance ¥if Qelcabhppaaisogh in the art, for exanple see U S. Patent No.

5, 059, 39yt he diged £ fpo Wi 5 i [.a by reference.
[0061] ﬁfb f %]at ure of ut e su | 8.%]%%&%1 hgﬁg&{eghwép &1'8%]5%? %%%tg%f JaPPUT g a

Si In%;I eI refl ]?tf:ltta?cbr \mlvulél tﬁf{bstrlphetcl;mrqS|the§y$fec$iscrtt@(|i?lpcefia, aslc\igtﬁchcmnmt nly donfe,
multiple reflectan ues . .are derive romnul tiple, screte areas o
the testing Cé)f‘gléﬁlre%ﬁ)Ct/e%’l”gm\?\éli?,Co?“r?Bé%“"&roéﬁtsle%gf Ortehaélalg KPP RSV avi ng

i nsuf f ![ ci ?ﬂtsa&@ﬂﬂﬂp@limy ttl’_@:eesit dﬁg.’(t)’lgfzeio@icﬁﬂﬁée@iﬂf}tﬁeeﬁbfeﬁtﬁﬁ%eﬂ?&{ %{flEl@de e%t lest

of det et or snediEGt o 1 BiTPHORY (OHNGEEEE DIS STHGREeL 8o EH Rbted |1 ght
froma di scr@ties, adesRecday gnad@ah bONplfaliff FdeRbtoR fheRtectld leRectdd 1R from a
specific numper or areas of the test strip, respectively, where imaging
optics LFS-|gomserh ditfgren) agsg of g taspupgrarepyof thaigstisBIDdRPPEYEY. TeamBdetus or di rect
tile light faamnEReCkhdier 84cAASTREH: Bred BEGE bdshn At LGk QlsSrBYn Il det Y 1S
meant greater than about two detectors. Typically, about three detectors or
more det ect rgibassdamm tharmauasef reflqciqd lishisdeiacted thesefiom, podimesnstfecct ors or nore
about 100 or e o e o B et s
wher e in sonk.dhdsodicardetasmiod O ktsufetiant!y wettedtyr emgist e torcengatiofi pban t he t est
step, where - i dependi ng on the

si ze and shaltﬁ%?8%%?%@&%%5(@%%?S?Ig@hgy Fﬁ{gg}[&é tjg% Fe}l%?r},pe'tc. The detectors of
t he det 8¥#élr ar r shhesmy ofibt adject metetsivgHivamytdepandsigantaivatisty of factosaneh ar
different ti . ' . i rQm ea rea.is_ detected at
subst anti al I{i}g?l eegt‘étg?r{e?g/tg :Er%gh%eéd%ggt h!ﬁ‘rsng{r%;esh{hiegtrl]aggOggg\%/}aé{,e&rlpesf FeCtANeE val ues
fromdisc Ei _etm;xiahyielpmndgnbf m? laaseoofnvethnl‘aretml esdughpo be portibleec tasdy by each f
correspondi n et .ect or refl.ectance value is ant .any val ue_or ries o
Vel ves: ot orip ESbEB e e EhOREEn St ar ST SR PSR Bt o
refl ected | ighttolbauml 60 @orane sposntunlly fréeapac 50 yen drabeutdf0 ing theasidthstrip A

refl ectance val may bhe in any form i.e., the refle ce value may be in
o or  pr oceyBet TR HameBpftatetn sottoii Gt BUTOEA B P SRl 1 v or
subst anti al | i 2660176 MtObiS tHe BiRhesd yPRIallP ehnds fhdniBbouf 0D@H 1o AB&ERBAOIAY to the
subj ect nethods, the observed, reflected |ight fromeach detector is

det er m ned tﬂldﬂ’é"rFHW@%{ii’Wé‘b‘Eﬁtlg%f"f‘ib{?i‘t@ﬁt“‘%munt of sanple or indicate
that theoasea is ISkitesiheBhdpys sahd 88 cbymeadRliR vadvhdd the Bithpeahhy@ngf such a
sufficient appunt of sanple, is used to determ ne the concentration of

anal yte in tHhensimpy @ compleglp ganygmbediments, diq YBEEREEs ALY RO each
detector is GualaHabRAg lRaidgfusledr F&tah%ulﬁﬂﬁaﬁé?ﬁlﬂﬁﬁ@p&ﬁér@Hap@i@r@ bamisyf ficient
sanple volune or is sufficiently wetted by sanple or wetted lgy enough

sanpl e to pruedechas ERESlIF et @IwIAISYRES.concent rat i on neasur ement, where the
sanpl e nt or I I : : : : the Iight
reflect Z(gsgylher ef r%ﬁls@:&é%{gtegsa\?@fr@% atﬁlgﬁeerr gispg]g@%g%rg%gﬁnﬁgiloﬁgﬁﬁ{é@%m)unt of
sanpl e requi whate tige e wpresane Hkeseoifponénesar fedtires. Vareyeraplp@redibadimsnt t he

anal yte of inter , jZze of e ' - [ ea, etc. In
many enbodi rr(gf; SESJ%‘%np Jrﬁgc%?%gzlﬁthbwen sgg{kéﬁf&ﬁ%xg%f%%%%érég% ?I?%P g?\t sanple if
the surface area thereof is at |east about 95 to about |00% covered with
sanpl e, Lesuahly at | east about 98-100fH covered with sanple. It will be
apparent to those of skill in the art that the refl ectance val ue indicating
or relating to such sufficient anount of sanple will vary depending on a
variety of factors including, but not limted LFS- L 94 21



Alty. Dkt No LIFE-0% to, the type of sanple, the analyte of interest, etc.
Sufficient sanple.anobunts of an area nay be determ ned in any conveni ent
manner, where the foll ow ng enbodi nents are provided by way of exanple and
are in no way intended to limt the scope of the invention. In all

enbodi ments, a reflectance value is determ ned for each detector of the
detector array, as described above where the deterni ned™t Bf¥ctEHeE val ue

is related tg the a of s of ac ondi ng
area. [0065] rePrﬁQ%lﬁaglqgk%tt%ﬁlM nfe BRpEer gegfnéﬂr%{ ltl\a,@é dGQFB%mP% g“@ ?‘% ned for
each det ect ot2, igshewmopdraivelyraefokaet antepyahiue2d r om anongst al | the

refl ect val ues is d rm ned. Eac ectance value is then conpared
to thi Smﬁﬁl \/gﬁlﬂ@mo arbab%ra%Pﬁfﬁé!fS#Bd%@W’ééW&%Sb%ﬂ@dfﬁ&t W8rede st ng ar ea
is determ neszi)uice 1D @ufects 15U biit€ the Rfea MY st Qfip S RhArk 11, hhANE @Jxﬂpfr&t ance

val ue produced tht%refromlles within a certain range of , i.e

subst ant i al | 3PPHEEESRENG &hichihas 1ageninieR Tresting 4 tH sewaLy aalidesdp tf@i‘Séfthﬂe area is
the area thafs REPHNECADVE oI LR MMy, ﬁ%ﬁt%@&r@@f’@pr\ﬂﬁkt‘é%ght@ﬂ% 1BX AR Greal T N
area provides a reflectance value that is wthin abotit 5-10% of the m ni num
refl ectance Sfanayex 1i.¢.¢; 3l eftheiepingaeras bl nbleolmarit f { diighisowpmlhtypiofilysanpl e,
i.e, it is r e areas
havi ng refl e@l{lﬁ%&g%ﬁ{ghﬁ%@ :agog"? )%zﬁ’t’a %%l—fc OEQ' é%c@"f%h‘{?z#ﬂ@e Sum;s aelastep

refl ect ance diedeue filiered tetpen nhlqmdmmsjomambthahke Risudlly bglead;urwrkﬁmhtamﬁ sarrpl e,

i.e., are not substa I ex

Figure 5 shows Tatri x fi Oué%eé’re tﬁreiq;E S%rc?f af'e %Slgﬁ}l ngfefa@ﬂlfl%? ﬂtt}?gel ng

de]t ecto ][ s 2ltwa-o2 noke dLEtmol mwehaggthhef Iight. Daght ﬁkgxs&rwbedsuabp&/a@ablé b-ﬁcrﬂn?fngect ance
val ues fromare oVi ni mu ect ance

val ues as thégx;‘ Wavgl(g%g ff‘%wg {X%‘?Pg%‘%@%ﬁ%? é’“%\ﬁ)&w&%“ﬂ‘ %gﬂ‘i“r‘il %'t o have a

sufficient afooumttoabog@APhe. FAeeare, Reie, twbhl&tlhﬁfvdraQEIEﬁg’ﬂE@r&/&JnIMSﬁedf rom ar eas

11 a, 11 b, 1 1 11 h 1 eco o the.m ni mum
refl ectance l%/gi‘f if’émﬁa}a %Wl%goqmttlﬁggg%‘afél?ﬁﬂg#d‘%@‘ P\t 7;9 CBH#i"h range of
the m ni num mglyl atbaneats\ied [t solrdd is ca}ﬁ&ﬁl@bﬂbnﬂbfh@%gﬁtal@%@éédr’ﬂﬁarm grionum
refl ectance val ue, are determ ned have sufficient sanp e., determ ned

to be suffi iRy FE ST o ipers fhelightsapicn srcappiodi el‘ﬁé‘i*\lf‘g héhtﬁé‘l"tto%ﬂﬁar ar ea
is determ negytgao RAVAd 94Kk f cvu%htapaﬁmﬁmﬁatete m@rﬂhgthé destdbcd BERASEI R €S
certain drop in reflectance, i.e., "a predeterm ned drop in reflectance or
greater, frowraPRRMRNERsesHnly daEmipne wapFitendad fodimit Bie scape 9bthafnventiosanpl e
appl i cation ANhnGAERr RAMACEBEs cﬁr\h%@elmg@rglé?@ﬁosﬁme aS @Rl @tf?x'i‘fﬁergl[é@)padaﬁable

refl ectance beyond a certain mnimumdrop in reflectance. For  exanpl e,
referring adshhsqueceribgipraduse wapsenztg Oﬁkght dpgeribgkaborparg Wmsh@aé’fe@aldll f
woul d producge|gqd, 84:9€n& HARGE 1T hk Ef{b %%%ﬁﬂgat Bﬁr@%agal;lb BFe 1fght o7

application to a'tine after sanple appli I on cause 1t I's conp etely
covered wi t hnms amdo] 08 nuFayail#tde fiom &SRy QptmtersieandyctariIns, 11 ¢, 11 e, 11 h and
11 i uld prg er. sanpl e
appl i catl becau g%ﬁ]ﬁ Qﬁg{ﬁgﬂlg%ld%oa;ﬁurgﬂg%gﬁ%{%ﬁtﬁﬁg%ﬁg@%?e. c({:for di ngly,
area 11 f mmﬁtadtowldéb'@hmlrﬁjed rme@nmmrahmmbcbut¢wed¢teca<mdl'ryp1calﬂy,sbmpl e because
it produced greg d&@ctbr@o EE esegt €. nealtl e%to t?ian gté?arran ergent sgaeH er than a
pr edet er m ne In re Rce’ §Ad each J pr o iced at |east
sone drop tmbbetftbmxte&nms orlﬂmneatepgeseme:zg ]cohﬁgumm]lndtm admnmmﬂnt)edhanot to
have a suffigient, a cau it would n produce a

cuf 11 i ent drbgore PRI P PR CHRR IOTR S chb R BaElRE R an area is
det er m ned t@tdamve“mexsmﬁefnumbemmamfsten@toysawal eary Hegehdipg onlthe @3e andcer t ai n
refl ectance val ue, e. ubst anti al the sa as . a predeterm ned

refl ect ance i?éﬂ’edgr t}éetfﬁsgméélmﬁmof ’ﬁ‘f‘tﬁ‘xg I‘Sgtp‘f)r "é‘lfgﬁjt%fﬁ‘%bf)rf&émgwg%t ernm ned
reflectance gepdctbs thm@lakmgtdsteaeyarfa Q,l idrealliy tha hkmb&fortiRerereMpndgscr i bed
criteria, i.e g 2 is an area t rovides the mninumrefl ectance

val ue from oGSt teafing Eif?i’ethﬁra%eas‘(fﬂ C%r”éfﬂ‘iﬁ&‘@ e tGCkT pRRISARRE &l 8RO hat i s
within a certain range of the mninmumreflectance value, or (3) produces a
drop mietliegtance that is as great oy greater than a certain drop m

refl ectance and all adjacent areas al so produce a certain mninumdrop in
refl ectance. Such a nmethod is particularly well suited for those areas that
define the edges of the testing area. [0068] As descri bed above, once all
the areas of the testing area are determ ned to have a sufficient anmount of
sanple or not, i.e., the signal or reflectance fromthe detectors are
determ ned to be sufficient or insufficient, the concentration of at-|east
one analyte in the sanple is determ ned, using the signals fromonly those
areas having a sufficient anount of sanple, where the concentration is

rel ated to the -amount of Iight reflected fromthose areas having a

Y Y - B o o



'LFS-194 23 Attty Dkt ~lo LIFE-07~ 5,780, 304; 5,789, 255, 5,843, 691,

5, 846, 486; 5,968,836 and 5,972, 294; the dlscl051ltres O which are _herein

i ncorporated by reference) [0069] The above described refl ectance val ues
may be obtai ned using any convenient protocol, where the follow ng protocol
is offered by way of exanple and is in no way intended t limt the scope of
the invention. j0O070] In many enbodi nents of the subj ect"hEthous E8ath

det ect or of egto e b te ch det ect or
may be cali btrggtgtg%%}s [n aaﬂg%rrrlg\“;%ﬁé]%g‘ta%&mq%% F‘(t.o PSI ﬁl% sg% nrgofno@ol for
calibrating eratdrbOdeZSedﬁtt@rors mdmpem@emmwx Seaamhoaﬁe:me(crtxman EietSGmtaSgeanent
"background” .si gnal . i ch erf.or ned fore test strip i
inserted int 6°rteﬁ1§)°wg{(egﬁl§?&vé?%\g% g%%%%ﬁ” gtcl’ﬁqgeﬁfc?rf‘?'}&%’é “f’eegfh Eﬁcwffﬁ%{t‘)r t he time of
testing or atqiafeliepahiied odstinparedsact ¢er@in@inbbhicneARbLE e silggAlEERSES; 1t IS
performed before a test strip is associated with the neter. Once Rb is
measur ed f or CBBEHKINg étcé?'fﬁb?oupggéﬁ‘“?fét eePorcagstaseiny. the 2gpyymaydiaypaliout Rdr y) .

Usual Iy, thi$obsod@pR daletBrsadly Uﬂfaﬁé&hﬁdﬂ@ﬁh%&&dn@emé}ﬁ%{I@d;&z@h@ the neter,
but before an application of Sanpleé thereto Once each detector has

been cal i br ap@¥ige@gHpiecordngdy phei T@Hlb?@ftdﬁ@‘?tpéﬂf t@tdreieetoa@femrwe/ TARgeATIng
i1l um nat ed \c’l\ﬂ)c}uhZ ltd tgmsandésﬂ?lvky? BHP%IOQ Xgngkoﬂﬂg?}p\%%m&ﬁdéﬁﬁ}f% Q% h;ht n

many embodi ments, sanple is’ appli I d e matrix an
i |1 uni nat es asege phtheltvertiondfof » tsstingrrotatibat has :dbngth rangmg i@ty dbpurefarired to as

the nmeasure fut Bk glﬁitel W th%@'x%ﬂor}n Ql? uEg arbo{?t x%mgthe nﬁllﬂgersol de opposite

the sanpl e application SI e3Cri b ove e presence or anount of
refl ectance udaeaomns esllihidualyf rahge finet htomt Hfo a&mntelé)@tandrmqne achalty frvhebowsafpl e i s
applied to aP a,on the test strip having one or nore signal producing
conponents. [N 8’ttner wor ds, the components of the signal producing system
react tqomoye a IT@ﬁonﬁ@sﬂrobiolﬂglerdetaabﬂscolﬁnt praRéelutcthe d¢t0drAray heay vary dat a

descri bed above are used to.ca cuI arameters ortional | ucose
concentrat i of°P @Brva%%%égobs aﬁ’ S @ Rég‘ap%g{fg eé%aé??cfmg%& 468). A

| ogarithm c tik@hskevreiBhd defect afr8f ik e&ifRiee aanah@ganis Thet ik ke dedctdrs avshi p
bet ween absor bance and analoyt e concentration observed mtransm ssi on

spect r oscopy *EaTA AL IR P fIrHSEF PEEE OTRNS FHBIFICE T Bi B PesTKUYRT ka- Monk

refl ectance %M@Em@rns)rp@&nké}qmluen the art, |s of particular interest
Generalléq the paraneter K/ S is used, wher e is related to absorbance and
Sis relld¥y to shgree?rgl shpy ei‘?ﬁ’i‘@*‘%éf"?%‘t"?@ﬁ‘)f% gibjest ddcir @2y o anal yte

concentr ati Oayiffiehnth &&ﬁ@&ﬂ%@te%r_s@%@hﬂ Na &arﬁ% Jr@bhOMEatioh FhiR4 24
.~ltty Dkt No LIFE-075 c[10073 KIS .t= (1-Rt) ; EquatllondéL -

such numbers of detectors and configurations thereo are exemplary only and are in no
way intended to limit the scope of the mvention. Accordingly, Figure 3A shows an
exemplary embodiment of detector array 21 having 6 detectors, first detector 21a, second
detector 21b, third detector 2 ¢, fourth detector 21d, fifth detector 21e and sixth detector
21f, configured in a 3 x 2 arrangement. Figure 3B shows an exemplary embodiment of
detector array 21 having 9 detectors, first detector 21a, second detector 21b, third
detector 21c, fourth detector 21d, fifth detector 21e, sixth detector 21f, seventh detector
21g, eighth detector 21h and ninth detector 211, configured in a 3 x 3 arrangement.
Figure 3C shows an exemplary embodiment of detector array 21 having 8 detectors, 21a-
21h, configured in a 4 x 2 arrangement. Figure 3D shows an exemplary embodiment of

detector array 21 having 12 detectors, 21a-211, configured 1n a 4 x 3 arrangement. Figure

3E shows an exemplary embodiment of detector array 21 having 16 detectors, 21a-21p,
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[0074] Accordingly, Rt is the reflectivity taken at a particular tinme t
descri bed by Equation 2, where Rt is the reflectance, e.g., Rzo or R3o,
etc., corresponding to 20 seconds, 30 seconds, etc. That is, each detector
provi des a reflectivity or an Rt val ue t hat corresponds to the signal
measured froma corresponding area of the test strip matrix, where Rt
varies fromO for no reflected light (Rb) to 1 for totalrty & dct-&8-0F5 ght
(Rdry). [0075 Rdry - ) (Equation 2) [0076] Rwis the
refl ectance G%ﬂﬂ fegd’g érﬁa&ﬁn iI gy%){‘ae et 8%6‘?“6[“@8‘ ProdEBTaPhgl y, K/ S is
derived for gaetodetgCl Qhvidnt) ERctRS pomlyﬂgorargaadq{ athe atnﬁﬁ’%e'rrfégt a{Ra
detected by a respectlve det ect or . KISis related to analyte

concent r at i oACSheW§ ‘I‘%%F‘“BP%V@IOQIUIWK?@GIF&IOHémIYsz ldetige A AelectersiZig2onl y t hose
si gnal's fromgatarkon 8 s Q8 t-hgdang: @10%F'er5PP-EH%v)§/a§e%@rlp%y LRdfatiag an area
havi ng sufficient sanple anount or sanple wetting, where the overall K/'S
val ue is rel detegorasray Ré hevnmg &hdetegtarohlackl!” amﬁgux@drwnt&mi% s@angemeEtpps ised t o
the test str I [
embod ment s, "R el ey miacy A EEh ek ERdR B S RHE Pl PRI |1
matri x of a tmkt-ustsilpsct detetqr atthembypval asappipeiaeod. grrma)al]mhac@cbrﬂass bhe test
strip. In this WaY, . 3 | anshown¥1 be notified or alerted that sufficient
sanpl e has b&EK & pfl e ASETEY ci ent sanpl e has been applied and nore
sanpl e i[8031gqui r eds dﬁammbabswez&ch ﬂetéiﬂ(brﬁifﬂi:tﬂﬂdr doyty QO bsudpdbgoftdarctimpgdeer of
detectors that det.ect % chted I ht fr greas_determ ned to have-a
sufficient afbURtP!Bs i Sﬁlé( é‘g s frQm A FSRECVE BYFASHAt ed by

each area Iss&ﬂ@mmzsueahlgtarbatoftnbaxtmtaﬁatI/soINuIir&spa‘ct SFFIre? aPRkisle tegett he t est
strip is determ ned b(%/% ggutl ng the nunber of areas having a sufficient

anount of safPFeoA1a" SRR 2GRy ShtRstces TeRicindligh! from 8 SFFSRPRsine,

Suf ficiency @fscre@Ph@e fekFe@ti Vel @nhtrdC CIONdistGvit i Fide: marsttuau&tarz @nal yte
concentrati ons? to be determ ned, etc., however usually sanple anounts |ess

than about 5collestssefipcisd fighiiframplirs| seas] lnhseronsislsizeton2 qetearsélgwfqm gceit , where

sanpl e amountg, 9fp, ARRUeteBioRb Lc d%‘EecIs‘?x%ﬁt’ frdrﬁltm@yeaqn@q&lrdmre%ma@met&té il

may be sufficient 'in certain enmbodinments. [0079] The subj ect nethods al so

i ncl ude cal i bekitfiomyfoyrthagea ébh]ﬁ&héﬁ@@of Zledstsrtélghrfronaﬁﬁbéneslbef sikile neter,

such as cali I marray, the

| magi ng opti ?ét@&aé%fh%lg%gg?to@%gﬁ%% e fcfggégenzﬁ)%%%éﬁg&tgg %IE)I entitled
"Devi ces and smnm@cba 1l preighhddigeza 20o Aeteats Iﬂ@tt from einit enearl Hmndcnmrh dgedyst er and

Wal | ace, fi I t d

copendi ng U. %%6{3 a%?og%g’gtrlllﬁr?l“y l\%% 8@181«!:-%”%%&%%@%8 (?'o% %%O gﬁ/ct%g

Concentrati ofny Behaewrtnawillonty d&perE;rxgcara ‘anigty\Md fdcaceipclrdihg dubmot Mayted o, 2002,

t he di scl osur,es_of rej Y [0080]

Finally, Ki téhefng%bﬁgrlggg ?%%%“@ﬁ)g%u ect rf%%t’%ttﬁg egrselérggﬁsg{flrﬁ%%%I@ﬂb ect

ki t s i ncl ude agnraappiedtoume acmoredahaigsm meadséorsauidym;tas wilMerdesoibed in @reatera

subj ect optical. peter he subje e or _nore test

strips, us uaﬁ?@ll gqﬁvqua%t?ri}“%?é ‘f’geé}ﬂerg?@laf)es%a%%ﬁﬁ%%n%taﬁlgugfgSamoq‘le test strip

descri bed abaepgicdltergelbj ect kits may further include an el ement for

Cami o 11203 oua, RG-S G RIS AEGETARRFCH PhEratas "GO GEBnoN or

obtat mg a bkgedicsadPbematsiNeh ofd sﬁeclfaj’lﬁ‘e@pdccﬂfe Setdcld. AE sttovi in@edure 3 | ance
actuation neans, and the like In additi.on,

subj ect Ki clude a
control sol utPeEingRPlst AhigsprfiBursddo image dighitf] F%‘I b ‘§b‘"IfEJJt § lﬁr‘?“forfléfft ‘ﬁ%ﬁt"ag }nown

anal yte ConC%gﬁtrfatnI QRofEn B oBtokBEIND dBleHEOSI®, BN EERLKiAL 8Nl LcUAG tird s May
further include instructions for using the apparatus for determ n| ng the

presence andMdetecteioricsnd Fgltifigm foprtiagres aétnt%ﬁqéﬂfaﬁ%r%r éld, rimés?)FN%‘l ® ogi cal
sanpl e appl i %%ta(i’eaaana ?e%&ec%% Heﬁectop&?th'e @%&Et&%ﬁas) RS arﬂi?éf)nla@ Bidg [hth?tx@s'B 1a

substrat e, as pape astic, etc. Such,” the instructions nay be
present in thtmykalqesheaferaOmeoag@rq Inmer or, mlm@rstdﬁéomblbélqnﬁ@efmf Kaiexaeme.ai ner
of the kit or conponents thereof (i.e., associated with the packagi ng or

subpackagkpg) etc. In other enbodi nentg, the instructions are present as an
el ectronic storage data file present on a suitable conputer readable
storage nedium e.g., CDROV diskette, etc [0081] It is evident fromthe
above description and di scussion that the above described i nvention

provi des devices and nethods for accurate anal yte concentration

determ nation in the cases where small sanple volunes are applied to a test
strip testing area and/or the testing area of the test strip is not -evenly
or uniformy wetted by sanple. The above described invention provides a
nunber of advantages, including, but not limted to, ease of use,
portablllty, and accurate anaIyte concentratlon deternlnatlons usrng smal |

o Y o



Atty Dkt No LIF1;-075 [0082] The subject Invention Is shown and descri bed
herein In what Is.considered to be the nost practical, and preferred

enbodi ments. It is recognized, however, that departures nay be nade
therefrom which are within the scope of the Invention, and that obvious
nodi fications will occur to one skilled in the art upon regggpgl%th

di scl osure [0083] The specific devices and net hods di scl*0sed ‘Bre cnsi der ed

to be i1l ust Akl oAB6Rels LG8 GhicY S mby LREWEIGA! LA AML SO, Vi thi n

the nmeani ng and range of equivalents of the dis concepts, such as
t hose that weushds # deubld pnersdens, aschomeingkgurt @dnd FigtledAr & @vtaintottar t , ar e

I ntended to i 1t i e _SC of .t he end clains, LFS-194
Aty Dct No EreEHS Riaette Gl SR RRPD ofs B PEREE AT R tor
recei ving a ples-catved jpn@mchofhvarin Bgherdd. i agertehtbodiaragMnr-ahionat leds at | east
appar at s oo iRy (f Srf o e e harEE SUPLEOB AT Falf A ichg a
plurality of oiéd dsshent it ig@s 40f mHabeist® The %k tonflghatioliassdieanwepesat i vel y
associated wth said apparatus; (b) a detector array for detecting

reflected |iGM¥¥Ph%ach of said plurality of different

{0053] Apparatus 20 also includes means 24 for determining whether a sufficient amount
or volume of sample is present in each area that makes-up the testing area of matrix 11,
where such determination is based upon the amount of reflected light detected from each
area, 1.e., from the area which each detector detects reflected light. This means is
generally a digital integrated circuit 24, where such a digital integrated circuit 24 1s under
the control of a software program and thus is suitably programmed to execute all of the
steps or functions required of it to determmine whether reflected light detected from each
area indicates a sufficient amount of sample, or any hardware or software combination
that will perform such required functions. That is, sample amount determination means
24 is capable of executing or following an algorithm stored in the meter to determine,
based on reflected light detected from each area of matrix 11, whether sufficient sample
is present in each area. Sample amount determination means 24 usually reads the output
of a signal conversion element such as analog/digital converter 22 which converts an
analog signal from each detector to a digital signal. Accordingly, Sample amount
determination means 24 1s capable of carrying out all the steps necessary to determine
whether reflected hight detected from a particular area of the test strip indicates a
sufficient amount of sample in that area, i.e., indicates that a particular area is sufficiently
wetted with sample or not.

[0054] In addition to the above means for determining whether sufficient sample 18
present in each of the at least two areas on a test strip, the subject meters also include
means 26 for determining the concentration of an analyte in the sample based on the
areas determined to have a sufficient amount of sample based on the reflected light
detected from those areas of the test strip, where areas determined not to have a sufficient

amount of sample or are not satisfactorily wetted with sample are not used to determine
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areas, respectively; (c) neans for determ ning whether each of said
plurality of different areas has a sufficient anount of sanple based on
said detected reflected light; and (d) neans for determ i >ing the
concentration of at |east one analyte based on said reflected |ight
detected fromthose areas determned to have a sufficient anount of sanple,
wherein areas determned not to have a sufficient anountA®fPEaPpHEE-HFe not

used in said analyte concentration determnation 2 The a at us according
Lo claim |, wHEDA TS0t Ghe Mol cE FE L A e GEBRE Tl g PIgReHr  at

| east two dif{ eigeatintagved engiths 1Sunlhehappan B USso AR E@ heighgn bt hak s 1 or 2,
wherein fromabout 4 to about 1,000 detectors conprise said detector array.
4. The appar ati@P PEWF ARG P S CrigPHet the stepoor fprdpes HAUBHGf 11197@R0 det ect or s

Or NDre CONnprjf8wseofsct®bRCbfbnaidraNat will PerfRsudiPRALAUSnASROTELRY to
clainms 1 to 4, further conprising inmagi ng@optl cs for imaging reflected

| i ght from saimdbf eanagntpjorgietegnimagongntans Pessertblevd erertideg arfsllafingari d

detector arra - i ' t , further
conpri sing at M?%ggl?%gﬁégq?g%ﬁ?%%&{r&g@ %65198%%@%%@5%{?% thﬁfg %a E-07~ 7 A
mﬁt h_odI for dfd@ﬂmi;mﬂmghavrgufﬁgmmemnpmwm\i b ats deﬁmtneéﬁet tahaleytificiena (a)
physi ol ogi ca .Str al hod ,c rising (a
i1l urninatnyg by P%rrgf)?c?{/a e%? g‘ﬂﬁ%f%?%ﬁi%%ofne(gg R%l?' t%é:%?“ﬁﬁ?%‘s??qéf’ %p% havi ng
physi ol ogi cal caasmplagoragrinecltidrivecadt 26 is(sh)wioint fegurd Ty axsepastpeahponent from

refl ectance val uE fron} eaﬁht. ar ea o% ?)al d Itur al '({d?/ of di ffgrgint areas; (c)
det er mi ni ng WHEPHRA BLEH 5P LT E Dt PRy ‘Ff% 2% TP R EHTCARy Lr detfauinine
sufficient anphdther@fsuSiaiEn endoasEdarple $3irébembhainRed foeddeainapate val ue, (d)
deriving the concentr atfj on agf %aigl at | east one anal %te in SEi d

physi ol ogi cal C¥&FRHFECT ¢'SHPRGLR “BF emhg thase prats defprgned forles ihticignt sapeple

det erm ned t opR@N&ha sanl thicfla@Btir@diMDUdcoings2 Rk intihiak tiRcuBas coesier m ned
not to have a suffjicient anount of sanple are not used in said derivation 8

The met hod ac®orayig ov'g!ldhaiiors peceimer ek iski Bomes Rearmeprior Psehénpl oyi ng an
appar at us accQidémt@ndr af e fdefdrRh&Pro hatelin nsufficient sample based on the

reflective light values detected therefrom and include only those areas of the test strip
where sufficient sample is present, i.e., the sufficiently wetted areas.

[0055] The subject methods may also include means23 for calibrating the apparatus and
specifically each detector of the array detector independently. This means is generally a
digital integrated circuit 23, where such a calibration means 23 is under the control of a
software program and thus is suitably programmed to execute all of the steps or
functions required of it, or any hardware or software combination that will perform such
required functions. That is, calibration means 23 is capable of executing or following an
algorithm stored in the meter for calibrating the meter, e.g., each detector of the detector
array 21. (Calibration means 23 is shown in Figure 2 as a separate component from
sample amount determination means 24 and analyte concentration determination means
26, but in certain embodiments may be the same integrated circuit as one or both of
means 24 and means 26.) Accordingly, calibration means 23 is capable of carrying out
all the steps necessary to calibrate each detector of the apparatus independently.

[0056] The subject meters may also include means for determining the total volume of

sample applied to a test strip 25, where such a total sample volume determination is
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METHODS

[0058] The subject invention also provides methods for determining the concentration of
an analyte in a physiological sample applied to a test strip. Specifically, the subject
invention provides methods for determining the concentration of an analyte in a
physiological sample applied to a test strip even 1n those instances where the entire area
of the test strip where measurements are taken, i.e., the testing area, detection area or
measurement area, is not entirely wetted by the sample either because too small of an
amount of sample is applied thereto to wet the entire area and/or sample is applied
unevenly or nonuniformly.

[0059] As such, it will be apparent that the subject methods provide the accurate
determination of one or more analyte concentrations using small sample amounts, i e.,
sample amounts less than conventionally required. In current practice, sample amounts

of about 5 ul or more are needed to wet a testing area of a test strip for accurate analyte
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certain embodiments. For example in certain embodiments sample volumes of about 0.5
pl may be used to obtain an accurate analyte concentration determination. Sample may
be ntroduced 1nto the appropriate area of the test strip using any convenient protocol,
where sample may be injected, wicked, etc., as may be convenient. Sample may be
applied to a test strip before or after the test strip is inserted into or otherwise operatively
associated with a subject apparatus such that the testing area, i.e., each area of the testlné
area, of the test sirip may register with the optical components of the apparatus.

[0060] Generally, the subject methods include applying sample to a testing area of a test
strip, illuminating the testing area with light, obtaining a reflectance value from different
areas of the testing area separately or independently, determining whether the obtained
reflectance value from each area indicates that a sufficient amount of sample is present in
each of the areas, 1.e., determining whether each area is sufficiently wetted by sample,
and deriving the concentrgtion of at least one analyte from the areas determined to have a
sufficient amount of sample, where the areas determined not to have a sufficient amount
of sample are not used in analyte concentration determination, i.e., non-wetted or
insufficiently wetted areas are excluded from the analyte concentration determination
computations. Methods for generally deriving analyte concentration from reflectance
values are known in the art, for example see U.S. Patent No. 5,059,394, the disclosure of
which 1s herein incorporated by reference.

[0061] A feature of the subject methods is that instead of deriving a single reflectance
value for the entire testing area as is commonly done, multiple reflectance values are
derived from multiple, discrete areas of the testing area. In this way, those areas of the
testing area having insufficient sample may be identified and omitted from analyte
concentration determination.

[0062] Accordingly, each detector of an array of detectors, 1.e., of a plurality of
detectors, detects reflected light from a discrete, respective section or area of a test strip,

i.e., from a specific number or areas of the test strip, respectively, where imaging optics
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may be employed to focus or direct the light from specific areas onto specific detectors
By plurality 1s meant greater than about two detectors. Typically, about three detectors or
more detect light from the test strip, usually about four detectors or more detect light
from the test strip, where as many as about 6 detectors to about 100 or more detect hght
from the test strip 1n certain embodiments, where in some embodiments 1000 detectors
or more detect light from the test strip, where the number of detectors employed will
vary depending on the size and shape of the testing area of the test strip, etc. The
detectors of the detector array may detect the light at substantially the same or different
times, but typically the light from each area 1s detected at substantially the same time

[0063] As mentiongd above, reflectance values from discrete, independent areas of the -
test strip are detected by each corresponding detector By reflectance value is meant any
value or series of values, signals, or any data set, etc , relating to an observed amount of
reflected light from a corresponding, respective area of the test strip A reflectance value
may be in any form, 1.e., the reflectance value may be in raw or processed form. A
reflectance value may be obtained periodically or substantially continuously over a
period of time.

[0064] According to the subject methods, the observed, reflected light from each
detector is determined to be indicative of a sufficient amount of sample or indicate that
the area is sufficiently wetted by sample and, if indicative of such a sufficient amount of
sample, is used to determine the concentration of analyte in the sample. In other words, a
reflectance value from each detector is evaluated to determine if the corresponding area
has sufficient sample volume or is sufficiently wetted by sample or wetted by enough
sample to provide an accurate analyte concentration measurement, where the sample
amount or volume n each area corresponds or is related to the light reflected therefrom,
i.e., a reflectance value. Accordingly, the amount of sample required to be determined
sufficient will vary depending on the analyte of interest, the size of each discrete or
different area, etc. In many embodiments, an area will be determined to have sufficient
sample if the surface area thereof is at least about 95 to about 100% covered with
sample, usually at least about 98-100% covered with sample. It will be apparent to those
of skill in the art that the reflectance value indicating or relating to such sufficient

amount of sample will vary depending on a variety of factors including, but not limited
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provided by way of example and are in no way intended to Limut the scope of the
invention. In all embodiments, a reflectance value is determined for each detector of the
detector array, as described above, where the determined reflectance value 1s related to
the amount, if any, of sample or wetting of a corresponding area.

[0065] In one embodiment, after a reflectance value is determined for each detector, the
minimum reflectance value from amongst all the reflectance values is determined. Each
reflectance value is then compared to this minimum value, whereby a reflectance value
and corresponding area 1s determined to have a sufficient amount of sample 1f the
reflectance value produced therefrom lies within a certain range of , 1.e., 1s substantially
the same as, the minimum reflectance value or of the area 1s the area that produces the
munimum reflectance value. For example, if an area provides a reflectance value that is
within about 5-10% of the minimum reflectance value, it is determined to have a
sufficient amount of sample, i.e , it is substantially the same as to the minimum value,
where the areas having reflectance values greater than about 5-10% of the minimum
reflectance value are determined to have an insufficient amount of sample, i.e., are not
substantially the same as the minimum value. For example, Figure 5 shows matrix 11
operatively associated with detector 21 having detectors 21a-21i. Employing the method
described above, the reflectance values from areas 11e and 11{ would provide the
minimum reflectance values as they are completely wetted by sample and are determined
to have a sufficient amount of sample. Accordingly, the reflectance values from areas
11a, 11b, 11c, 11d, I1g, 11h and 11i are compared to the minimum reflectance value and
any of the areas found to be with a certain range of the minimum reflectance value, e.g.,
within about 5-10% of the mumimum reflectance value, are determined have sufficient
sample, i.e., determined to be sufficiently wetted.

[0066] In another embodiment, a particular area is determined to have a sufficient
amount of sample if 1t demonstrates a certain drop n reflectance, i.e., a predetermined
drop 1n reflectance or greater, from a time prior to sample application to a time after
sample application and each adjacent area produces at least some drop in reflectance

beyond a certain minimum drop in reflectance. For example, referring again to Figure 5,
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sample. Furthermore, adjacent areas 11b, 11c, lle, [1h and 11i all would produce at
least some change in reflectance after sample application because all have at least some
amount of sample. Accordingly, area 11f would be determined to have a sufficient
amount of sample because it produced a drop in reflectance value that is equal to or
greater than a predetermined drop in reflectance and each adjacent area produces at least
some drop in reflectance. However, area 1 l¢ would be determined not to have a
sufficient amount of sample because it would not produce a sufficient drop in
reflectance.

[0067] In certain embodiments, an area 1s determined to have a sufficient amount of
sample if 1t produces a certain reflectance value, e.g., is substantially the same as a
predetermined reflectance value such as within about 5 to about 10% of a predetermined
reflectance value, and meets any one, usually all, of the above-described criteria, i.e., (1)
is an area that provides the minimum reflectance value from amongst all the areas, (2)
produces a reflectance value that is within a certain range of the minimum reflectance
value, or (3) produces a drop 1n reflectance that is as great or greater than a certain drop
in reflectance and all adjacent areas also produce a certain minimum drop in reflectance.
Such a method is particularly well suited for those areas that define the edges of the
testing area.

[0068] As described above, once all the areas of the testing area are determined to have a
sufficient amount of sample or not, i.e., the signal or reflectance from the detectors are
determined to be sufficient or insufficient, the concentration of at least one analyte in the
sample is determined, using the signals from only those areas having a sufficient amount
of sample, where the concentration is related to the amount of light reflected from those
areas having a sufficient amount of sample, as is known in the art. For example,
reflectance values from the areas having a sufficient amount of sample may be compared
to a standard curve or graph of analyte concentration versus reflectance and the analyte
concentration in the sample of interest obtained therefrom (see for example U.S. Patent
Nos. 4,734,360, 4,900,666; 4,935,346; 5,059,394, 5,304,468; 5,306,623; 5,418,142;
5,426,032, 5,515,170; 5,526,120, 5,563,042; 5,620,863, 5,753,429, 5,573,452,
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5,780,304; 5,789,255, 5,843,691, 5,846,486, 5,968,836 and 5,972,294 the disclosures of
which are herein incorporated by reference)

[0069] The above described reflectance values may be obtained using any convenient
protocol, where the following protocol is offered by way of example and 1s in no way
intended t limit the scope of the invention.

[0070] In many embodiments of the subject methods, each detector of the detector array
is independently calibrated. Each detector may be calibrated using any convenient
protocol. In one such protocol for calibrating each detector independently, each detector
detects a “background” signal ( Ry), which is performed before a test strip 1s inserted into
the meter, e.g., before inserting a test strip at the time of testing or at the point of ~
manufacture of the meter; regardless; it is performed before a test strip is associated with
the meter. Once Ry, is measured for each detector, each detector detects a “dry” signal
(Rary). Usually, this is done with an unreacted test strip inserted into the meter, but before
an application of sample thereto.

[0071] Once each detector has been calibrated, sample 1s applied to the test strip and the
area is illuminated with light, usually with ight of one or more wavelengths. In many
embodiments, sample is applied to one side of the matrix and light illuminates and is
detected from another side of the matrix referred to as the measurement or testing area of
the test strip, e.g., the side opposite the sample application side. As described above, the
presence or amount of reflectance is a result of formation of a reaction product when
sample 1s applied to an area on the test strip having one or more signal producing
components. In other words, the components of the signal producing system react to give
a light absorbing reaction product.

[0072] The raw data described above are used to calculate parameters proportional to
glucose concentration (see for example U.S. Patent Nos. 5,059,394 and 5,304,468). A
logarithmic transformation of reflectance analogous to the relationship between
absorbance and analyte concentration observed in transmission spectroscopy can be used
if desired. A simplification of the Kubelka-Monk reflectance equations, as known in the
art, is of particular interest Generally, the parameter K/S is used, where K is related to
absorbance and S is related to scattering. In this derivation, K/S is related to analyte

concentration, where K/S defined by Equation 1 as follows:

LFS-194 24



10 109&' ()-LL 10%& ()- 10%& ()-3 & 310%&' ()- 10z 10z 10z7g10%& () - =EddEbC
10310%& ()-2z28&10%&' ()- 0109 ()-' 109&' ()-z" $! 109%& () - SH10%&' () - " #$¥<WbC
10Y10% & ()- & 10% & ()-m0% & ()-G 310% & ()- 10 10 10 7f 10%&' () - Pr %aVK@ 10
10" 10" 10" &7z10% & ()-f510% & ()-!s9S2s! 10%pp& ()-y@: 10% & () - f 9*

109% & () - ZadEVK@ 10 10f Z10% & () -fL10% & () - f ,

10% & ()-f&l0% & ()-f10% & ()- F10% & ()-g2aB7@10 A Dkt No LIFE-075

10: 7910pgy&s;() - ! 310% &4 L1 rEPAS ()BRation 1)
[0074] Accordingly, Rt is the reflectivity taken at a particular time t described by
Equation 2, where Rt is the reflectance, e.g., Ry or Rjg, etc., correspondimg to 20
seconds, 30 seconds, etc. That is, each detector provides a reflectivity or an Rt value that
corresponds to the signal measured from a corresponding area of the test strip matrix,

where Rt varies from 0 for no reflected light (Ry) to 1 for total reflected light (Rary)-

[0075] Rt=(Ry-Rp)/ (Ray —Ry)  (Equation 2)
[0076] Ry is the reflectance detected from an area by a detector.
[0077] Accordingly, K/S is derived for each detector and corresponding area of the

testing area detected by a respective detector. As K/S is related to analyte concentrahon;
a final or overall K/S value is determined using only those signals from detectors
exhibiting a certain K/S value indicating an area having sufficient sample amount or
sample wetting, where the overall K/S value 1s related to the concentration of analyte in
the sample applied to the test strip.

[0078] The subject methods also include, in certain embodiments, the determination of
the size of the sample applied to the matrix of a test strip, i.e., the total sample volume
applied to the test strip. In this way, a user may be notified or alerted that sufficient
sample has been applied or insufficient sample has been applied and more sample is
required. Sample size is determined by computing the number of detectors that detect
reflected light from areas determined to have a sufficient amount of sample, where the
volume of sample accommodated by each area is known such that the total volume of
sample applied to the test strip is determined by computing the number of areas having a
sufficient amount of sample and the volume of sample retained in each area . Sufficiency
of sample size may vary according to the particular analyte concentration(s) to be
determined, etc., however usually sample amounts less than about 5 pl and oftentimes
less than about 3 pl are sufficient, where sample amounts of about 2 pl or less, in many
embodiments about 0.5 1l may be sufficient in certain embodiments.

[0079] The subject methods also include calibrating other components, features or
aspects of the meter, such as calibrating the at least one light source, the detector array,
the imaging optics, etc. (see for example copending U.S. application entitled “Devices

and Methods for Analyte Concentration Determination” to Eyster and Wallace, filed on
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KITS

[0080] Finally, kits for practicing the subject methods are provided The subject kits
include an apparatus according to the subject invention, i.e., a subject optical meter. The
subject kits may also include one or more test strips, usually a plurality of test strips,
such as the type of test strip described above The subject kits may further include an
element for obtainmg a physiological sample. For example, where the physiological
sampie is blood, the subject kits may further include an element for obtaining a blood
sample, such as a lance for sticking a finger, a lance actuation means, and the like In
addition, the subject kits may include a control solution or standard, e.g., a control
solution that has a known analyte concentration such as a known glucose concentration.
The kits may further include instructions for using the apparatus for determining the
presence and/or concentration of at least one analyte in a physiological sample applied to
a test strip. The instructions may be printed on a substrate, such as paper or plastic, etc.
As such, the instructions may be present in the kits as a package insert, in the labeling of
the container of the kit or components thereof (i.e., associated with the packaging or sub-
packaging) etc. In other embodiments, the instructions are present as an electronic
storage data file present on a suitable computer readable storage medium, e.g., CD-

ROM, diskette, etc

[0081] It is evident from the above description and discussion that the above described
invention provides devices and methods for accurate analyte concentration determination
in the cases where small sample volumes are applied to a test strip testing area and/or the
testing area of the test strip is not evenly or umiformly wetted by sample. The above
described invention provides a number of advantages, including, but not limited to, ease
of use, portability, and accurate analyte concentration determinations using small
amounts of sample, thereby reducing the likelihood of multiple finger sticks. As such, the

subject invention represents a significant contribution to the art.
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&1 10%& ()-#r"z)dEbC 10" 10:yl10% & ()-y1l0% & ()- :!'10% & ()-y10%A & ()-y
[0082] The subject invention 1s shown and described herein 1n what 1s considered to be
the most practical, and preferred embodiments. It is recognized, however, that
departures may be made therefrom, which are within the scope of the invention, and that
obvious modifications will occur to one skilled in the art upon reading this disclosure
[0083] The specific devices and methods disclosed are considered to be illustrative and
not restrictive. Modifications that come within the meaning and range of equivalents of

the disclosed concepts, such as those that would readily occur to one skilled in the

relevant art, are intended to be included within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1 An apparatus configured for recerving a test strip and for determining the concentration
of at least one analyte in a physiological sample applied to the test strip, said apparatus
comprising.

() at least one light source for irradiating a plurality of different areas of said test strip
that has been operatively associated with said app arat;ls;

(b) a detector array for detecting reflected light from each of said plurality of different
areas, respectively; '

(c) means for determining whether each of said plurality of different areas has a
sufficient amount of sample based on said detected reflected light; and

(d) means for determining the concentration of at least one analyte based on said
reflected light detected from those areas determined to have a sufficient amount of sample,
wherein areas determined not to have a sufficient amount of sample are not used in said analyte

concentration determination

2 The apparatus according to claim 1, wherein said light source is capable of emitting light

of at least two different wavelengths

3 The apparatus according to claims 1 or 2, wherein from about 4 to about 1,000 detectors

comprise said detector array.

4, The apparatus accordmng to claims 1 or 2, wherein about 1,000 detectors or more

comprise said detector array.

5. The apparatus according to claims 1 to 4, further comprising imaging optics for imaging

reflected light from said plurality of areas onto respective detectors of said detector array

6 The apparatus according to any of claims 1 to 5, further comprising at least one test strip
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(a) llumnating a plurality of different areas of said test strip having physiological
sample applied thereto;
(b) obtarning a respective reflectance value from each area of said plurality of
different areas;
(c) determining whether each of said plurality of different areas has a sufficient
amount of sample based on said obtained reflectance value,
(d) deriving the concentration of said at least one analyte in said physiological
sample from each of said plurality of different areas determined to have a
sufficient amount of sample, wherein areas determined not to have a sufficient

amount of sample are not used in said derivation

8 The method according to claim 7, wherein said method comprises employing an

apparatus according to any of Claims 1 to 7.

9 A kit for determining the concentration of an analyte 1n a physiological sample, said kit
comprising:
(a) an apparatus according to any of claims 1 to 7, and

(b)  atleast one test strip.

10. A kit for determining the concentration of an analyte in a physiological sample, said kit
comyprising.
(a) an apparatus according to any of claims 1 to 7; and

(b)  atleast one of an element for obtaining sample and control solution.
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