1 6 JUL 2006 Atty. Dkt. No. LIFE-075' APPARATUSES AND METHODS FOR ANALYTE
CONCENTRATI ON DETERM NATI ON - FI ELD OF THE | NVENTI ON [ 00011 The fi el{dg 9fjL. 2006
this invention is analyte concentration determi nati on. BACKGROUND OF THE

| NVENTI ON [ 00021 Anal yte concentrati on determ nation in physi ol ogi cal
sanples is of ever increasing inportance to today's society. Such assays
find use in a variety of application settings, includiag. mdtNailcaors '

| aboratory testing, hone testing, etc., where the results of such testing
pl ay a AFEARAGRISES N MERHGDSF Gy dosi sy 2T OsiragRmanON d EZE RN AT IPpNOf

di sease conditions. Analytes of interest include glucose for diabetes
managenent, chol esterol for nonitoring cardi ovascul ar conditions, and the

l'ike. [00031 In response to tfis, BF PW:N9viRSGt ance of anal yte
concentration, determnation, a variety of analyte concentration :

det er mi[iBfillon pr dheoddH of hrdndeiircie sndlpe chrothiratibn A¢teralinadiod home testing have
been devel oped and, specifically, a variety of anal yte neasurenent devices
and nethods for enabling patients to test their own blood for the presence

and concentration determ BAEKERPWP GF Vg NVEYTON di fferent anal ytes are wel |

known i e art i - hn-thi I opti cal based
measur 9%(%2? devi zéggﬂgg%ﬁcﬁ@%ﬂfg@?%ﬁﬁﬁﬁ%b@@ ?g}%ﬁdg&aﬁ??&fﬁnﬁpﬁat ed and
refl ected | ingasing enpdfrianen tb $oddes exiay $whebhpd indane innnadrigtyef egriceintr at i on.

O increasing.interest if.s optical based asurenent , protocols is the
use of assaﬁgfgnygsf’t @ﬁ@a?ﬁgﬁnl%a%ﬁggﬂ?%%gc‘?t% ?rﬁ%teg&‘gte;?'d‘ggeéﬁﬁm H?P%Sr‘gf%’f%‘r

readi ng t hesatit@slty 8 protfsent rbieih Gl diagnods pliysdnatd@incel 2 SaBRIE dBeeh as bl ood,
bl ood derivatjves, interstitial fluid, urine, etc, is introduced to a test
sstrip to wefORfiiRRst fARYYES of iplgesinguds s RosRIGF idkates manaserint chdetddt strip.

The sanpl e kQagdoSioMhd BirdiGFab@ild chRAGRAHd He LiKEONPONeNnt s associ ated with the
testi ngﬂarea to produce a color change in those areas where the test strip

has bedP0Ufbt t ed BystPRBSCd@Hp BOVRERRE AL 9fi2gHyte datcsarE@nirieminsios, 4 esti ng
area is whai,kig, uisﬁgly{e%@&hgae@n%@teg@aﬁﬂéﬁx&e&q%hm@@it&rfm K% (Rl giged above,

by relating the anount of | ect t to anal yte concentration. [0004]

A char act er hgm¢ Eesioig h#{é@/b@é@em_emdqa@éiﬂcm 2py ofeenfiyte ragralrgment

concentr | B sSkeHE | PR 0, R IEOBMGH LA BT A Rs 1ol

on the fi nakomeastice deatninavhe vBa varegfldeffdidrbaidyted ard w8l BhdwriZ0 @ art.
Of great interest and use in this area are optical based measurement devices and methods
in which a sample is illuminated and reflected light therefrom is detected to obtain an
analyte concentration. Of increasing interest in such optical based measurement
protocols is the use of assay systems that employ test strips or cards and meters for
reading these test strips. Typically, a physiological sample such as blood, blood
derivatives, interstitial fluid, urine, etc. 1s introcduced to a test strip to wet a particular
testing or measurement area of the test Sfrip. The sample reacts with certain reagents or
components associated with the testing area to produce a color change in those areas
where the test strip has been wetted by the sample. Reflected light detected from this
testing area is what 15 used to obtain an éﬁnalyte concentration, as mentioned above, by
relating the amount of reflected light to analyte concentration.

[6004] A characteristic 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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Aty. Dkt. No. LIFE-075 size that is tgo small or a sanple that is not
uniformy applied can cause erroneous or inaccurate results. Speci fifglhp(,
if an insufficient.volune of sanple is applied to the test strip -and/dr 12008
sanple is not uniformy applied, only a portion of the testing area is
wetted Dby the sanple while other portions of the testing area are not
wetted. In conventional optical based neasurenent devicges fs,
light is detected fromthe entire testing area, incl udi’}lmg{'ﬁgg%gﬁtg%? i ons

that are not s%_ttﬁa?g tHy srﬁﬂlgg?la%am WEY &hot ﬁr@l%rrﬂli%g@fadlcglg 58 Q%@&E%g from

non-wetted portions of t testing area can c the determnation of
anal yt e concemcratk ossulio Shesifmallnnoussudicidinh acdour af @mpl<06 @5lieAld tbafptis  at

oopli od sampreRig L RE oS e o] Raea Ab birfb e PRt hratlse 11 s
i ncunbent upegr tHehrempgkarhilkothet saradilspf MRNEstiaF areh ok herwateif ineberhtisanpl e has
been applied and V\héat her the testing area has been uniformy wetted.
However , sucKPY5eSPREES RSHPTEBIERIVicss 38tmarads liedt b dpfpded BupdisisatireyesiBg per sons

i th i anet el gkl oGy LATRaE oy s1 0. HANOB sl napagher at empt

to solve the probl ens described above, EPB0037 describes an dpparatus
t hat esti mat @stevipirpramon-tigtiethmnainins of ths savpheartsceg ghise dicalstermimatidvenfbasi s of

absorption of, WAt gl df- L J did
SUCPI n

%%ﬁgoqis rmel%t%grapef the el ectromagneti c spectrum
However, apparatus requires a neans for quantitative analysis and

an i nfr goes$) t r ansduemepts asntlingaheibves dandbdd prabiveisaiforseffdissadhdantnageous f or
use as a portahl e system su as for h | ucos esti by di abeti cs.
Fur t her mor e, “PH°EY %Pé’thf’ﬁ%m&’ %1??}336%5‘ %’E‘qu?gﬁq‘iaﬁ' %%Bﬁ%gg%gcefshgfsances
where sanpl e idcamBenupsi heue o dfnlly fenitavheak: REfeas kdnple haentd Hppeh 100071
U.S. Patent Nos. 5,889,585 and 6,055,060 al so attenpt to solve the problem

descri bed ab8¥e¥BYNT ShAIETng§red Arsheen bRt FRYaNE MhraEnt test strip

sites 10 eachon@bdiBris nWBHAeRbEL LA BOMHMES R hidaY] fhd OPichidisat es that
the measuring field is not wuniformy wetted. Wwen non-uniformty is
i ndi cat ed, t Hepaigdyisiog. pronpted to apply nore sanple or, in certain

| nst ancafsoedT onpt £ bRal arfeRB: ﬁ;gsﬁa% %fgrﬁ'?obm &E&ﬂ@&%g@@,éﬁé%%%ﬁ% Q8ribdiust be

comrenced. That is, neither t “pat ent nor t pat ent provides for
anal yt e concemtppatatisrital estaratdsrvetethonthe ginpent oheompirals bufSaien @ thylewisdéd and/ or

mor e sampt e’ E0Te PLRRE YRRl B B0 e S R bR 0P liioce opt one
i s whol |l y satichfaacpmaratus de&iSrel 94ne@ns for quantitative analysis and an infrared transducer

and receiver and is therefore disadvanf:ageous for use as a portable system such as for

home glucose testing by diabetics. Fufthermore, in using the apparatus disclosed in

EPBO0087466, instances where samplé is non-uniformly applied can not be easily

identified.

[6067] U.S. Patent Nos. 5,889,585 and 6,055,060 also attempt to solve the problem
described above by comparing values obtained from two different test sirip sites to each
other, where a certain magnitude of deviation indicates that the measuring field is not
uniformly wetted. When non—uni!formi‘ry is indicated, the user is prompted to apply more
sample or, in certain instances, prompted that too much time has elapsed and a new test
must be commenced. That is, neither the 385 pater‘:t nor the ‘060 patent provides for
analyte concentration determination using the small sample provided and/or the unevenly

wetted measurement area and instead requires the user to apply more sample o the test

strip or begin a new test. Neither of these options is wholly satisfactory.
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1 8 JUL. 2006 Atty. Dkt. No. LIFE-075![0008] In the instance where the user
i-s pronpted to apply nore. sanple, the user either has to attenpt to SHy@ezRs
the initial site of the needle stick in order to try to "mlk" or -nassage
nore bl ood-out of that site or the user nust pierce their skin once again at
anot her site. Because blood clots quickly, by the tinme the user is pronpted
to apply nore blood, it is;not uncommon that another sifg must he.pkerced
with a needle. The piercing procedure for obtaining sanpl'e can be painful,

where i t[popd)l be abwcousnthahert he updiidpibsp-appUNded swhap, thh@eskingr needs be
pierced nultiple tines in order__tio obtain the requisite sanple volunme to

p AR
conduct the tf@&f alBFRt Pdinsrsip it g olite Hgele SHEIRREIT de to'mdkVitdual s who

require frequent: BN bbG: OF thafkiR BRI LG LiRisBhiBRL YR \RH AndiRBLLQF i N the
analyte of interest all together. Wth diabetics, for exanpl €, the failure

to neasure tanether geuRtsese bope clobsruakpy by teitiwedhdesst is praseptddtis apmly aotsack of
i nformation cessar | he. | l....of u e. .

Uncont ol | ed Broeets aarBlfREt sl Bl saPist @ Sl st SpF Psrene

t hr eat eni ng. @80} fdrbtaneéng nasiphnes bahen Bl avhaevi, wildeobdiotehtt thstn e

commenced, a new tes trip.s required for.the second test, such, the
test strip u.SCQWP?‘Hﬁe% ngﬁ‘??{”} NER%E: W@F%ﬁ‘u{t@iﬁtn‘?@ﬁ ely E"&Paétamitﬁés pl ace of a
new test strigyuhpe Sé&ﬁ%e Wbithe t@naRE et GRle. to HRSMIL, iNYndtAnddA@ndts@er of  two
test strips, rather than one, for a single analyte concentration

det er ni nat i orndiFiFRals WhhEsAeE EHEHE PN isgHYE Htmply aveid osiipTing based
anal yte concent falkod iﬂ@lraaramte]gg%mefe%a{ &%ﬁ%]:s,ﬁ% e§%ﬁé§|ﬁ€%&;ﬁg§? hSmERRt nued

interest in the dével opment of” new devices a . _ anal yte
concent r at i onthaiegletons lsglionm préseribeg basis weultsce uitaak ef iafoaingiicn negassreeivt rati ons in

the cases wheré aeﬁggéc,f;trg? ARG 1&%§U§§o%t£ﬂég %}?c%ts%]fe%»’%}se Esa?xsotg ¥ 1y daReerous

nmeasur enent ar r the nmeasurenent area r'p 1's not evenly
or uni form yndetdndde thyeagamgl e. O particul ar interest would be the
h, devices, and are easy.to u articularly

devel op of su met hods . whi ch e
for vi SUIPEY T et B8 SRR CRRAPET. RO LT R RATTEREh ARt 15 SEBEY ¢ abl o.
SUMVARY OF T ifgulirbENTHeht drad @k A sApga tatiess efp asd foethhnas uhatnpieddentai ng t he
concentration_of ap. anal %e in a siolaqgical s | e are prqvided. The
subj ect  apparSCHSBLIHIE HHRISY SR DERE TGt o BRUPEI RUREIT PESR ng a
plurality of i@ tdsest@pl raleetsn O, Borta@SiglesnalyR dohdhirhias daRinktseTiied into
the apparatus, a detector array for detecting reflected |ight fromeach of
the pluralit ynqzﬁg@sltgg{algeady high cost of test strip-based analyte concentration détermination.
[001D] As such, there is continued interest in the development of new devices and
' methods for analyte concentration determination that provide accurate analyte
concentrations in the cases where small sample volumes are applied to a test strip
measurement area and/or the measurement area of the test strip is not evenly or
uniformnly 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 INVEN"IE“ION
[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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1 8 JUL, 2006 Atty. Dkt. No. LIFE-075 of different areas respectively, neans
for determ ning whether a sufficient anobunt of sanple is present on1%a§lﬂ1 ﬁf)ﬁ
the plurality.of different areas by determning reflected light therefro

and neans for determning the concentration of the anal yte based on the
reflected light detected fromthose areas determ ned to have sufficient

sanpl e, where areas determ:ned not to have sufficient s used
in the anal yte concentration determnation. [0012] In tﬁ?)!sj%b%ef?g%t hods

for determ mmﬂée&&%&%%megﬁs f@?d@&ﬁ!ﬁﬁ%wh&h&as&ﬂ%%&@i Rficed sanple

applied to a test strip, a plurality nt areas o e test strip
havi ng physi cﬂa@giecapremhﬁn each pplhp ebllrztlﬁevfectlﬁeramt@raals by A¢teratimlg reflestedightt | ve

reflectance t}{gmﬁlg Eﬁld eté%lt @?getln%%lg]?g%% concentr'ﬂ;ﬁn 8? reaarézlﬂyétgug%fl g;lta f.erent

areas, the obtarned ctance rom-eac di fferent
areas is det a&mdmﬂlgﬂmddmteidrfcﬁncmbievaeea@fdeiﬁrmzsttfffolh@vm&"ﬂmmwmﬁpmfwhsﬁrrpl e or
not, and the concentrat n of the_analyte in the siological sanple is
derived from#FE SFBRECHR & HVRSHTEE T Bleéliﬁli‘qt&‘f‘eéﬁ‘f &&ﬁfﬁﬁécon CRAENEN ar eas
det er mi ned nofeid-@iAaye sufficient sanple are not used in the derivation.
Also provided are kits for use in practicing the subject methods. BRI EF
DESCRI PTIWORZIOF THER BRAVI RESeftods B drpgiipiae theganesramismnal gn anebiy Bgent at i ve

colorinetric i [ 00141
Fgure 2 1o & SSpRl Enpleb AR B a8 aphi iy pPERSMINRGE of BURRI LR
appar atus hawiving paym@sgicz’é tsermrpe agdiot thateedare Hbmawmdwa {sp@ligdrelegurces 3A- 3H

show enl ar gedv‘ahe 150 tallneecy\@o Each 3k 12! p?ur%ﬁ@d1 en & an?acs) getirﬁam £ reﬂecttarh%e det ect or
array of the supj e |nven|on avin e|n|V| ual OI’S |navar|ety

of configur aial:a(ﬂﬁzﬁn ez{dﬂ@iﬁﬂa phirgity eﬁ?fe#bﬁe dr€asshomereesdnd ae mdemﬁmdufﬁent s of

i'magi ng optics_of the s ect invent 0017 F ure 5 shows an exenpl ary
enbodi ment of5" f?leé‘%rﬁ‘fﬁ“gf’ 2Rl g tg?iF e‘bt’f'atl E?m@ft?i With a detector

array of the gmylpregical sBvmpRtd @ived frdn 1d4rdhs BeBrndibbd R QRG: Mtficyent Blple, NO
LI FE- 075 DETAI LED DESCRI PTI ON OF THE | NVENTI ON . L
where areas determined not to have sufficient sample are not used in the derivation. Also

provided are kits for use in practicing the subject methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 an exemplary, representative colorimetric test strip suitable for use with
the subject invention.

[0014] Figure 2 is a schematic view of an exemplary embodiment of a subject apparatus
having a test strip associated therewith.

[8015] Figures 3A-3H show enlarged, plan views of various exemplary embodiments of
the detector array of the subject invention having the individual detectors in 2 variety of
configurations.

{0016] Figures 4A-4C show exemplary embodiments of imaging optics of the subject
invention.

{6617} Figure 5 shows an exemplary embodiment of an exemplary measurement area of

a test strip with a detector array of the subject invention.
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[ 0018) Apparatuses and nethods for determ ning the concentration of an

anal yte in a physiological sanple are provided. The subject apparatysesy; 2005
include at least ene-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 fromeach of the plurality of different
areas respectively, neans f.or determ ning whether a suffi.cirgni, appunt of
sanple is present on each of the plurality of different areas by determ ning
reflected light theref rmmmanamdaseansidroor thed Brvimhmiong t he concentration of

t he anal yte based,on the reflected |ight detected fromthose areas .

det er mi r&%’%}gi 0 hav%p%aﬂafufsis%?né[ﬁ‘ﬁﬂléoélﬁgqfél?tegmﬂ“@t ea‘foé‘&f?-trﬁﬁ?rb?tlrﬁﬂﬁé%}yﬁeiéfta to have

sufficient sapRlogoaesaPle M6RLvided. tTRE s@jth YA RrERRCANLASLI1QR: oridekRr M nati on.
[0019] In thgmubi%fct a%%t hodgdf or det elm ni%ﬁlthe cor}centrat? on%of an

anal yte in asoupthyier igRdginga piyakiy 108 dalspint erdestd aaest €8P thet haspeerningArtiad al ity of
different ar te Il 1.0g [We]MeTol i ed
thereto are ﬁﬁft&%}#gt e(i’ g&?czgéélég‘( {O\?gwr?gelg]lape}g%,%hegeh"g{/fg US§C?;B? o% g?%letyd from
each of the pfdiffedenitayeapfesghchifaby, ertinaioe agemtineg obtthemex ffictdk eatwance dat a

fromeach of th | uralit i fferent.  ar i’s determned to i ndicative of
a suffici enfangﬁ%%ﬁfesgﬁ‘t Orégar?gloézh(%lpﬁﬁ%{t}f Ogﬁgferteﬂtear??éﬁgEﬁ??%?%ﬁ&%f“te@ ﬁ%h%anal yte
in the physihete@gincald manploe détsmdaing iRt ohdcamildief ai-easydohadwhied to have

sufficient sanpl ere afreas determ ned not to have sufficient sanple are

e, . -
not used in t Cta%kgfk%%tiﬂ%% roRp thgse %Faéﬂeﬁgamaff © heve wihigent sEBPlESEact i ci ng

the subject peihRdsminkORAA h@@%ﬂﬁ@ieﬁﬂ’b@m@fee‘a?@ﬁlﬁuEd’cl\{EE}Ieiaﬁﬂy@e%oﬂ%ﬁl?e&foQEd1 it is

to be understood that this invention isS not limted to particular
enmbodi ment s ¥yEYIPEH, as such may, of course, vary. It is also to be

under st hat t ap _her eiq, | : f describing
parti cul%gﬁgtanbodiIﬂ&etsg&g?ﬁ{ﬁ%t&g%g&?ggﬁgﬁngﬁ%edﬁ ((:acri&%%&]brbgaﬁ:d%ﬁ??%gao since the
scope of t hephypio&sgimat saplzenplicdrio witdst sthe 2l Alurklite df diffesenbyreasiod theppsesided cl ai ns.
[ 0021] Where_a.r  Of . i S RLOVI b 1S under hat. each

[ nter ven! ng. VARt BL HEE prteP YO Bl bl AGLEME PR Poo (e
cont ext cl eavdlye id otthiateSomw eimdrofilsgluralbg tofédihrehhaeaspthe obiaindd teddmgancki m t  of

< encompas B APRTT B BROGRERER e SApe A e TeS of ¢ hese:
smal | er rangesfidieyt ainote penaen drnohand me lcuttestrdtion bhge ap@yt & theanges is al so
0t he- st at e EelSEE s umblRas Gl ed B ATEy (BRI tapt P tae,
where areas determined not to have sufficient sample are not used in the derivation. Also
provided are kits for use in practicing the subject methods.
[06020] Before the present invention is described, it is to be understood that this invention
is not limited to particular embodiments described, as such may, of course, vary. Itis
also to be understood that the terminology used berein is for the purpose of describing
particular embodiments only, and is not intended to be limiting, since the scope of the
present invention will be limited only by the appended claims.
[0021] Where a range of values is provided, it is understood that each intervening value,
1o the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any other stated or intervening value
in that stated range is encompassed within the invention. The upper and lower limits of
these smaller ranges may independently be included in the smaller ranges is also

encompassed within the invention, subject to any specifically excluded limit in the stated '
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range. Were the stated range includes one or both of the limts, ranges
-excluding either both of those included limts are also included in1P@%LZW5
i nvention, [0022]- Unl ess defined otherwi se, all technical and scientific
terms used herein have the sane neaning as comonly understood by one of
ordinary skill in the art to which this invention belongs. Al though any

met hods and materials simlar or equivalent to those descricbedhesei n can
al so be used in the practice or testing of the present invention, the
preferred netipeddViendhested imksinaméesmowodest pf e dmitd| tangea btdhcéty adths:

menti oned herei are jncorporated herein. reference to disclose and
focer | be-t nooetitait BxhBFEiRR B &Fs BRE o B REEhEn wi t wh ch the

publ i cappens ar e (rildsedkfink OB videt alMenidabanAet Rt eimAsedBRen herahd and in.
t he appended cl ai ns, the si ng,ul ar forms "a", "and", and "the" include
plural ref er®RE ReEHIEECOPRONEONIERPOE Peana §f oflivarstiell in BE A iael tfFhus, f or

exanpl e, refiﬂeﬁﬂ&@ba&gé.%ﬁ@@g&E!ﬁfm'thGds%@ﬁm%ﬁHislgfﬁHrByecgﬁvafeﬂ% thds€@gent s and
reference to "the apparatus” "I ncludes reference to one or nore apparatuses

and equi val eltcsibehkardinfarkaitovils el inlfesoactks p1 tedingf ths@resent invanigbrs thef or t h.

[ 0024] The ' ' ' rein. . ' | el their

di scl osure %?%ﬂf&i%)étgﬁggé ?‘%ﬁéﬁgg%ﬁp gw(;%F &flﬁéeép@ggggr#%goﬁgﬁeg% rﬁeéﬁgreﬁot hi ng
herein i s tardiecopnstd hednag rderena@doiissdoennt Hederibhithe pregipdnind’arvent i on i s not

entitled to antedate such publication by virtue. of prior invention.
Further, thé™dHt sm(c.i‘?nnﬁfﬂﬁ)lﬂi"‘eg‘t‘?'kﬂﬂ1 %F B\‘}itf%%t&mﬁﬁﬂ? Clf)tg‘g)'di fferent fromthe actual
publ i cafoppn dat eg dfit Sdnot@ythiteedset BelR dnndepe apiRntddclERRfthe fghlar[ 0025] In

further describing the subject jnvention, the subject devices are described
first. NextoTs gest fidofcoficlide PRI FEe it psde Goatest A &iFassol | owed by

a revi ew of Jeichwise. Witu Yot el Reretdi@ics WolaQEdzefte VichRiSs a PEMIiGET sudh0026] As
mentioned above, the subject devices includes apparatuses for determn ning
t he concent reagrghasfrefrenbeysthegararaipg| yaleder rrierenisya pol GgRERRPPERSEe appl i ed

to a test Stpj tE’cHIiﬂfl’éms théted ARG %%ddtﬂ[;]s@tsﬁllgcli R4 GELnARPAKAL US. More

specifically, e apparatuses o e subject invention enable the
det er mi [#824]on of Thhpubdiestivahdicasiedhensin ant provided sadele fanzdindisslgspre grior to

Phet ast o ort o R R b DR T T i ont
amount of sadpiseion ghat &p plesend invbioe ioncd patited thetalaseusapglicatappl ivethet her et o
:_ls FE?B7§VG " |0¥ pgérsntﬂl;elngéjx} el%rt%gr?{he tth%s é‘ﬁ)%ﬁl]fc%ﬁog pr|0V18cle€? %ja); 99 gif e%etny fron%e' No.
actual publication dates which may need to be independently confirmed.
[0025] In further describing the subject invention, the subject devices are described first.
Next, a description of the subject methods is provided, followed by a review ofkits

which include the subject devices.

DEVICES

[0026] As mentioned above, the subject devices includes apparatuses for determining the
concentration of at least one analyte in a physiological sample applied to a test strip that
is inserted into a subject apparatus, More specifically, the apparatuses of the subject
invention enable the determination of the concentration of at least one analyte in a
physiological sample, even in those instances where the measurement area of the test
strip is not uniformly wetted, for example because an insufficient amount of sample is

applied thereto and/or because sample applied therefto is not evenly distributed over the
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entire measurenent area. Generally, the subject apparatuses can be
characterized as optically-based neters and are configured for recei1vg n& 06
test strip, such as the type of test strip described below. The opti calJ '
apparatuses read the test strip or determ ne analyte concentration of a
sanple applied to the test strip by illumnating a plurality of different
areas of the test strip and neasuring detecting reflected, Id.ght (f#em each
area separately wusing at |east one detector for each different area. Only

the measur emgmiss nfehOMENOSE:. RESATy, WY &b calBpdeliek BNRdrEQcBae .8 sufficient
anount of sanple based on the amount of reflected |ight detected therefrom

i e., are suPPicElEbeicy et g apycogtgppdior soalvipgadest Hrpieh Behelat plati on of
anal yte conceRf&ial kQBbeMishs. TheoRLAaS A8k St AR 100k QO BakGinSHERLCT ent
sanple, he., not to be Bsuf foi c?entpl%yﬁv\g%t%g Ey asarrp%g, : ré nortﬁl%sééllg%ar r at her
are excl udedofcemithe! detratavdpnhgd tomheotst aniglbytibirgoriognrtphatipef dif9eR7) The -
subj ect invention.is. sujitable for. u wth var.iety of colorinetric,

phot onetric (a)easo%ftdﬁ%tgﬁs eaf‘%f“r‘?asﬁé%% %ﬁ%%%ﬁ%ﬁ%g%%ﬁ;%’”{ Fila 2P arsaieﬂ ps as are
known in theusiag it leash@rceletcepr @8 et dlffevant e@h.ablyreik measur@tdntsém fssaM | | be
described in greater detail. below Such test strips. find use in the

det er mi nat i _oﬁ‘%@)sfw CW@@WE’W‘?&‘?%@YE aoﬁ“?’%"é?”éﬁ‘ﬁm%{ﬁaftmle %erg? 4P9Whs, where
represent at i ¥ereAbUY @S ddtaredduii@erdiblli cAhR NSlcidntiflR ByamBleU£OSRd in

chol esterol, lactate,  al cohol, bilirubin, hematocrit, and the l'ike. In many
embodi nent s, thetdserpigaionf ppadye censentition whse e ppedcoTRyehEvénate used to
deterni ne t he,@liueasGoieGANGENL bRkiMBichd) Feil¥bSsQhA0] S0 SaMRE rtnFal
interstitial g'%fﬁuli d, 1gFS’od,’ bl ood 1%ucrﬁagttlﬂlon%, géns@?’tauen%ts thereof . and the

| i ke. 100281 exaindedfiohethe degrovnaipmef anhlyteswb§estatidnnvent i on, a revi ew of
represe fve C | I -1 est . i i Lth the subject
appar at Hé@sﬂ IS p?ﬁ(;k\?elréggjg&f:x#\?e&l&}1%%16?%1\%{%}%@@%?@%?@]p g%)rll a ?t}géri for the :
subj ect i nvephditengtnohesmicsfodreia useeintewhirgedbly)\wape tef stepamyreknoamdn ife not
intended to Linmt the scope of the.ipvention.. The revi.ew of esentative
Lost  strips e 4o5 FOTRATRY® S HUBEHT (557 51 or PRESEIR AL Rppsr il T8 and t he
subj ect net hgda testkiripakihdusedn the deeinfibaton cdh wide Griboof diSRrenharaly@&ct i ci ng t he
subj ect nethods is .gr ovided. Representative lorimetrjc Test Strips 10029)
The col or i, mefPIENFEETR HESF XS RI5SNEHET Bykds-PH: ThELITERESUBIEM®s of the

subj ect i nveRdiis@oldh&a@e@hal, b¥in¥Rd BeiRoeft, Al thelas! 14 Aeny Ghilodithdns,
conponents: a matrix 11 for receiving. a sanple, a reaqent conposi tion (not
shown as a stiedest Brial vsed e Merthicet preniqngrs veed jo delemngthogfePsat t y.  Dkt. No.

LI FE- 075 concentration in a physiological sample, e.g., interstitial fluid, blood, bloed fractions,
constituents thereof, and the like.
[0628] In further describing the subject invention, a review of representative colorimetric
test strips that may find use with the subject apparatuses is provided first to provide a
proper foundation for the subject invention, where such a review is by way of example
and is not intended to limit the scope of the invention. The review of representative test
strips is féllowed by a description of the subject apparatuses and the subject methods.

Finally, a description of kits for use in pracﬁcing the subject methods is provided.

Representative Colorime;ric: 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
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typically includes one or nore nenbers of an anal yte oxidation signal
produci ng system and a support elenent 12. The colorinetric test Strﬁ%ﬁ%@rﬁMB
configured and adapted to be received in an automated neter, as descri"bet
bel ow, for-automatically determ ning the concentration of an analyte. An
exenpl ary enbodi nrent of a representative colorinetric test strip is shown
in Figure 1. Figure 1 shows:colorinetric test strip 80 ig MQ§§Q}H%;ﬁ%X 1
is positioned at one end of support elenent 12 with adhesr've 13. ole 14
is present 1.0 12 iR ks oI o] sanpl e
can be appliéﬁp?%ﬂ@ﬁ%ﬁ$§Fﬁgﬁg%xng????%??mg%%%g9§%§%%§g%n% %Mgg%%gﬁggﬁed

t heref rom Usandlalsypposeaigsteat 15 Thppllpradettio tesiopyepssidendguradhand adatiad g a
reaction is detecte 0 i side of matrix . 11. . however,
other cont 1 gdr g tr Bt le gl QRRRRH YRR, AE s flon R dohpund B
represent at i v@npcenexgampifan ynatyt.osh seidplay t@sbdiskiitiof a Wptdsemaivekelodeseiti bed in
nore detail. Matrijx 0030]. Matripx | 1. is de of an inert material which
provi des a suppsie ¥ %]%Wflﬁré%’@ﬁ’ieilo u‘i’?ér?ﬁ%‘?’%‘r’%‘?mflﬁﬁc SFiGHAR é’op"f‘g‘g‘ﬁgirﬁﬁ”%yst em
descri bed bel Qv p@sioned bt a8 ehd & shpfdftel@Re 01 DiNg 2dREivE . QNRES M & pRi@duct,
i.e., the indicator, produced by the signal producing system. trix 11 is
confi gured tonpHPeItEMEn] igda thegErafad mafriel Ik yeudd| ad@mglcarshm@p@d ©.99¢, bl ood,
application ar i f.or.. I h [ = i pr oduct
o oduced by The P on o cefpn e SEUEEkLOReRhoh ol RmPRI LRIRR) O

| att er | ocat i sidaypf ivetrixd hande teestionatldds:tedae atadisy oneppodistsalctaf ontrovl 1,

measur enent area of Strip. S mat ri x| i @t is
perm ssi ve 01(31 Oé”ﬁﬁeerb%tég% P%f?gg‘;afml%%s\’/vm? H?Sgﬁbéeh&%ﬁ{éﬂa?% Cﬁrm 8@?6(%%) £ %?P?%i%%t%@%f voi d
space for thexehghatyoalorineatt teo sisip ofill hbve bs idegabedan ashucdangl. system t o t ake

pl ace. A nunber of different matrices have been devel oped for use in various
anal yte detection assays, which matrices may differ in terns of materials,
di mensions and the |ikiirixswhere representative matrices include, but are not
limted to, those descrjbed in U S. 'Patent Nos,: 4,734,360; 4,900, 666;
4,935, 349934 059, kx bl Bmedy gian igergpgiepalay hichpravides fAYPPOS! IgDe (arHns

5,515, 170; 5, RefbelLdh thedsiaBpr@didingDy 88, &03ibed bdlow, A3 as thedikBt Abaaibing

5,780, 304; 5,789, 255; 5,843, 691; 5,846, 486; 5,968,836 and 5,972, 294; the

di scl osur es OF CIMRFIOBCHT FoRhden theArdbiaytr ripdisep by Herigrd RERIUCIRE SHFSthei pl e, t he

nature of ok 11 doangRtd Bkl lofiioh i (iRl 86 AImBIE!d PSviand

therefore is chosen wth respect to other factors, including the nature of
t he i nstrunerappligitiehands lgeasign fa thecdstbctiorec fttesighiabsoping Frgturmroguced 8y 3 UL 2006

Atty. Dkt. Nothe lnldﬁgcbpgfsthe signal producing system. As such, the latter location may be
characterized as the testing, detection or measurement area of the test strip. Aé such,
matrix 11 is one that is permissive of 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 besu 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 natare of
matrix 11 is not critical to the subject test sirips and therefore is chosen with respect to

other factors, including the nature of the instrument which 1s used to read the test strip,
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conveni ence and the |ike. As such, the dinensions and porosity of the matrix
may vary greatly, where matrix 11 may or nmay not have pores and/or a
porosity gradient, e.g. with larger pores near or at the sanple applicatiz%
region and smaller. pores at the detection region. The materials from GHERNS
matrix 11 may be fabricated vary, and include polyners, e.g. polysulfone,
pol yam des, cellul ose or absorbent paper, and the |ike, where the nmaterial
may or may not be functionalized to provide for coval ent or non-coval ent
attachment of the various nenbers of the signal produci dgy<fstemfEgignal
Produci ng System [ 0031], .l n.addition,'to matrix. 11, the.test strips further
i ncl ude one S?Wﬁ%%g“ﬁﬂﬁgggggogs%mggFgﬁ%Fnﬁ?%ﬁﬂéPH@”%&%Q%%?%%?&%W5P%duces a
det ect abl e predtigtwlien: mespohsey bombheot prasensendef - phratiyteadishi-chwiet ect abl e
product can be used to derive the anpunt of analyte present in the assayed
sanple. In t fEEY &8s 884 PhY N APl 7aP Rl ppEgichamh dralepporeha B Halotpr oduci ng
system are as§Qqi. atiRatial-HonCANSh 8BV 1 Qfiay RN Y8k 00| Madtduehed to, at
| east a portion of (i.e., the detection, testing or neasurenent area)
matrix 11, adelymsrseegrabiuliesmmediamite scellossuts sbswmentipdppr, and thefikerawheex 11.
.(0032] In Ce'%ﬁe%ﬁer@a!rﬂﬁg'o %}J&Ot b@ﬁgmt’ion\ﬁfﬂf&rdeto EJOV&Q%& c'o§algrn rm&@]@ntm
interest, the signal roduci ng systemis ah analyte oxidation signal
produci ng syst@imeByofdrataytvs nrbdatdf dre sighignaducppoguenng system i s neant
that in generating the detectable signal fromwhich the analyte
concentration in the sanple is derived, the analyte is oxidized by one or
nmore suitabl e enzynmesSitmal ProdehigeS\aenoXi di zed form of the anal yte and a

correspanding or _praqportional anount of rogen . peroxi de. The hydrogen
per oxi de[mpé?t hen B‘rﬁﬁlﬁ&?’éﬁ’, Mgt 1ﬁ&?%t,e“ts@?@g@?ﬁ%@“@ﬁ@“&éf‘@& ‘EB‘FEe“pgfé‘duct from
one or nore kRFAIGAIRENE HFRAMESh prolRNeea déth@abdMbfic: Af refRLRAS aRlpesiiceduct

generated by the_signal neasuring system i.e. the signal, is then related
to the anoun®f grbdhAhAeesallnprofpgtcanbe wahis dsrivade apepnt of fraldhpFypie

oxi dation si gn@k .ReRAUEHNE. BYEd BHBRESEEMe I hdBesHiE BEthe bigsd) Strips are
al so correctly characterized as hydrogen peroxi de based signal producing

systens. [00B8Yugag Hstcat edoddesly &g, poraldnily porparropd ek attactisd sw dt lsdshmal
produci ng sy i;ncl ok i_di : .yte and
produces a c§§$%§85ﬁ3?%ﬁqgﬁnﬁﬁt&%%g%E§%%§§%%3%3%§§?%é§§%%@f?%t éyannunt of
hydr ogen per exbabémettato subsigntialdfuadeef magrix pr.oporti onal to the anmount of anal yte

present i f e Sapl g TAGFRES e vIAk16oSfis Y SabeSrhded ol 2008
producing system is an analyte oxidation signal producing system. By analyte oxidation
signal producing system is meant that in generating the detectable signal from which the
analyte concentration in the sample is derived, the analyte 1s oxidized by one or more
suitable enzymes to produce an oxidized form of the analyte and a corresponding or
proportional amount of hydrogen peroxide. The hydrogen peroxide is then employed, in
turn, to generate the detectable product from one or more indicator compounds, where
the amount of detectable product generated by the signal measuring system, iLe. the
signal, is then related to the amount of analyte in the initial sample. As such, the analyte
oxidation signal producing systems present in the subject test strips are also correctly
characterized as hydrogen peroxide based signal producing systems.

[0033] As indicated above, the hydrogen peroxide based signal producing systents
include a first enzyme that oxidizes the analyte and produces a corresponding amount of

hydrogen peroxide, i.e., the amount of hydrogen peroxide that is produced i3

proportional to the amount of analyte present in the sample. The specific nature of this
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first enzyne necessarily depends on the nature of the anal yte being assayed
but is generally an oxidase. As such, the first enzynme may be: gl ucose
oxi dase (where the analyte is glucose); chol esterol oxidase (where the
analyte is chol esterol); alcohol oxidase (where the analyte is aLcpoﬁﬂﬂLzmﬁ
| act at e oxi dase (where the analyte is lactate) and the like. O her
oxi di zing enzynes for use with these and other analytes of interest are
known to those of skill in the art and may al so be enployed. In those
preferred enbodi nents where the reagent test strip is d%@ﬂ&ﬁ@&L#5ﬂ7fhe

The ol ucose AFdLaR sy ReTDREa el 4 P khPL eBhOERT enoodotrte: oo

nat uirgl |y olccg;sﬂafrhlggansxgid'a?ee susnth, @ fAstmgt;gild rhhgsbm;lcg@ze%se oQirdaRE{iWh@zie kl{deum ~or
reconbi nantly produced. 0341 A second enzyne of .the signal producing
syst em may b@ngﬁmé%éﬁﬁﬁﬁtaﬁnﬁmﬁﬁPﬁ V?Z@h?ﬁgwéﬁﬂﬁ@ﬁ%#ﬁﬁgﬁwnbﬂ@ﬂﬁ% nor e

i ndi cat or conReUads/LERLR MAaletiegtaRl)elaph R thsd Mhelk MR RLEEENESLERS ofydr ogen
per oxi de, where the anmount  of detectabletﬁroduct that is” produced by this

reaction is phodper (lewaridzaane eavdutse vith R bgohepeatabkedd intbray afes
present. Thi §;56€0NHoRNZYAR id §e GERSI Ab M.@cﬁpﬁﬁg@?ﬁ%&s%&ﬁeéw table

peroxi dases 1 nclude: horseradi sh peroxi y r oxi dase,

r econbi nant | yoprdidycie dhepdroxigtasest amg isgasighet foc thanakggs dighicesg per oxi dati ve
activity and the |ike. e o, Y. C..F. ng;. Anal viica i m.ca JAct a,
233 ( 1090y s8autoR8 irflee s ool iR nB B oS B by
substrates, dfom oyesntchiztit @aneceid hanturadlpbomeigsodee arpas aepdbytiliisgsdiydr ogen
per oxi de in thgﬂpnﬁsence of theapersgigase to produce an indicator-dye that
absorbs i ght”" f 4 FPedSto8MRARY RIBWEFEngt h range. Preferably the indicator

dye absopbss)st r onglsgcoati efzywaugienghnbl @odkpLeMierh EAPLE Adnake Wat ch  the
sanple or the testing reagent absorbs strongly. The oxidized formof the

. y }
i ndi cator  m&glebEeshcOnETEan ofote 9F oredpliseEomgpuKs g # deeclgRIPAYsE Bduct

that evi dences: Reeh@n@8ydBgenGRIRIde O hdhBic bl RYdSEUB IO robiemaREbr ane. That
is to say, the testing reagent can indicate the presence of glucose in a

sanpl e by a estduesdydpissapEnigpiepetere e amednt ef drdeer bsroxipythatbis col or | ess
area devel OpighgefiolRt sechRPABmt MI6aLAY GATRRUOM ot N\Akatfl fortiiofitd 11 Lhe
present invention include both o and two- conponent chronogeni c
substrates. Omdudcompisrraivh psipsidesvE HRAL Isedperanidavatreaombeanthegrodardmat i
Sui 13l ot wo PRERSARARY SR ABSes MUGY R e A e BRIRCSRENY & veTh
an LFS-194 1@iIF.8Vahgi ARQp&a Chimica Acta, 233 (1990), 299-302.
[0035] The indicator compound or compounds, e.g., subsirates, are ones that are either
formed or decomposed by the hydrogen peroxide in the presence of the peroxidase to
produce an indicator dye that absorbs light in a predetermined wavelength range.
Preferably the indicator dye absorbs strongly at a wavelength different from that at which
the sample or the testing reagent absorbs strongly. The oxidized form of the indicator
may be a colored, faintly-colored, or colorless final product that evidences a change in
color of the testing side of the membrane. That is to say, the testing reagent can indicate
the presence of glucose in a sample by a colored area being bleached or, altematively, by
a colorless area developing color. _
[6036] * Indicator compounds that are useful in the present invention include both one-
and two-component chromogenic substrates. One-compornent systems include aromatic

amines, aromatic alcohols, azines, and benzidines, such as tetramethyl benzidine-HCI.

Suitable two-component systems include those in which one component is MBTH, an
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Any. Dkf. No. LIFE-075 MBTH derivative (see for exanple those disclosed in
U S. Patent Application Ser. No. 08/302,575, incorporated herein by
reference), or 4-am noantipyrine and the other conponent is an aromatic
am ne, aromatic al cohol, conjugated anm ne, conjugated al cohol or _ar dnttiic 2008
or aliphatic al dehyde. Exenplary two-conponent systens are 3-
nmet hyl - 2- benzot hi azol i none hydrazone hydrochl ori de (MBTH) conbined with 3-
di net hyl am nobenzoic acid (DVAB); MBTH conbined with 3,5-dichloro-2-
hydr oxybenzene-sul fonic acid (DCHBS); and Alty. Dkt. Ne. LIFE-075

3-met hyl -2-b i ' razopne  N-sulfo nzenesul f anat

nonosodi um (ﬁ)@%ﬁg%ﬁ%&g}lﬁ%E%gf?lp\%\ngatr?ﬁ%ﬂgﬁ %@Pﬁ%mq%gplﬁat?%éﬁgﬁéc até(iﬂO#S‘r{\l?oc aci d
anmoni um ( ANSE/30L57% enchgioreteiiieodi bertsencther dyminoontply gne MBTHSBANS i S
preferred. 10037] In. yet other enbodi nents, signal producing systens that
produce a fl IEBFIB_&F&EEHLS)‘{‘“ geradt apve aﬁ?%ﬂﬁ@ﬁcobﬁlrc%ﬁg@@ﬁ%‘f“@ ??Bﬁ‘gatf"fuor escent
subst ance, e.afhohbllbr @rofdati®bL8BRAL: alRBEdIERUREk- Y- BRp&NRE SY¥efs asuch as those
described in: Kiyoshi Zaitsu, Yosuke Ohkura: New fluorogenic substrates for

Hor ser adi sh Peslitizogaeethipzehpepcdudragasdiytiogdorided Y TH)sombipgd HéfBA- per oxi de and
t he Peroxida AL wbb&ab; g-@wggimﬁﬂt%%)n& D@z .7.Support El ement
[ 0038] I\/atri?%lﬁél(s usual 130/ alt'gache "to a suppoerg‘gtgl%orr@ﬁ%ﬁ?zz. Support

el ement 12 nenydrokebenfeng-swimerdcal (DCHHLS)] sndSufethyl 2btnkzythirigindndhgdbmnensert ed -
i nto an aut onat Vi h.as t i ut _undue. bendi.ng.or ki nki ng.
Vot ri 11 o b e e oo M T e b B AGG PR

mechani sns, @aghthalélcanifisic @ithesmhygum ¢ANS). heteiinaaboaiviend, ti@clyedouplesi Nng an
adhesive 13. | Y, odi.nents, support nenber 12 is nmade of materi al

such as pol y&ﬂ@?ﬁggj@%‘?fﬁwayet hyl ene or pol ypropyl ene, polystyrene or

pol yest efg37; Cons gyt bihkyembobRndn@Nghdu plodtdiey SuRROH: bemeatiud2sdeypi cal |y
dictates or corresponds to , the length of the test strip. In the exanple

shown in Fi guiFiEcigble Bﬁéucéé?fﬁiﬁﬁfta%lla BffesritioreTEsubEe oy A0 BAUSREY| de of matri x
11. However, phfk efhiphdl R RENLS: asARRt BeJcribsPROL fosheEaME MY osige at tached to
the other side of matrix 11 so as to "sandw ch" the matrix between two
support el eméitagra: NogIorrquagia seiseates iof Harenrfisk Papxidse: mme apdifgiiiveof support
el ement 12 di I . j , the
Coral | engt hof (e taar B PRERETRE Jeer iRy ERE P ad o VSR 80s

109-113.

Support Element

[0638] Matrix 11 is usually attached to a support element 12. Support element 12 may
be of a material that is sufficiently rigid to be insérted into an automated device such as a
meter without undue bending or kinking. Matrix 11 may be attached to support element
12 by any convenient mechanisms, e.g., clamps, adhesive, etc., herein shown attached
using an adhesive 13. In many embodiments, support member 12 is made of material
such as polyolefins, e.g., polyethylene or polypropylene, polysiyrene or polyesters.
Consequently, the length of the support element 12 typically dictates or correspoﬁds to
the length of the test sirip. In the exarple shown in Figure 1, one support element 12 is
empioyed on one side of matrix 11. However, in certain embodiments, another support
element is attached to the other side of matrix 11 so as to “sandwich” the matrix between
two support elements. '

{60391 Regardiess of whether or not the length of support element 12 dictates or
corresponds to the length of test strip 80, the total length of the test strip 80 generally

b
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Atty. Dkt. No. LIFE-075 ranges from about 20 mmto about 80 mm wusually from
about 20 mMmto about 65 mm and nore usually from about 39 nmmto about g

nun, the width of the test strip 80 typically ranges from about 5 1 n & duk 2006
about 25 mm nore usually fromabout 6 mmto about 19 mm and the thickness

of the test strip 80 typically ranges from about 0.15 nun to about 0.40 mm
nore usually fromabout 0.18:mmto about 0.38 mm 100401 %‘e%@ L[ge[g above,
support elenment 12 is usually configured to enable test st Y 'Be used

with or 'nsertrgdgegﬁ%& ﬁo@b%tﬁbom%sﬁkgg@yrﬂorﬁl cfﬁ"?%nﬂx?tor?ggﬁqﬁtﬁ%{ﬁ test

strip 80, is typically in the formof a substantia recta ar or
squar e- | i ke stanf prorquraaly frerhebali Aemsi T@r&bmdfﬂsm,rppbﬂf Widéi efitentest ERipWRar v

according to ?{p\/%fy?w e?%ro&l%géu?r ?Osabout[ii TRITL mo u§1t1 ﬁf;,'f ronégt;[r?gotﬁzglfrg‘tf alslklollvledi :

the art. 1004 usi suc orlrre rictes

to react wthabhe 19nm1aed e dficknbe oﬁthgmﬁt stpp Gcltgqawagy Sy gdseirant fhopt @OLIGE a

det ect abl e prodtﬂ?10 hggt IS prese in an unt ttp tional to the initial
O PopuE 4

amount present’ © USPh %%amu%}f “%r&FPp"r s jntroduced to

matri x 1lgefo)t he t @gtdeschibédandBy s stfeleﬁiéht @ﬁ@@ﬁ@lﬂw Yorf@Sred to @b IR 8091 NY
fromabout 0.5 | to about 10 O e sanple be introduced to matrix 11

usi ng any conwene é%?seﬁ%@@ééﬂseﬁm‘?énﬁ% é\éﬁ‘ﬁﬂ smwﬁémmlé@é@usaqsr oved to
w ck, or be o i .
%5&; 8¢ O A Blton o gt}%u@smum I%&msﬂ%%ﬁa?tg{]g@gﬁ HRE O léeran <

Si gnal pr oduce e sfgnal producing system s | eter
rel ated to théhedmentonsfol supapry tlemeitn2 vhey dcerirdinglo seamplyef fa&:s)rwemmlbb!aed above,

i n many enbOdlngﬁ'ﬂ%rﬁtcfﬁg% l% “F@Q%ed to one side or a first side of matrix

| 1 and the a product is then determ ned at another or
second sif@&10f mat i 1xsnfg]auchm@ﬁmmmnmmstrmm¢ilmmlswémﬁ reaanwitinthe of

det ect abl e product deter d. on osite the fi si de.
certain errbodlrrf%‘ﬁjtegs % Fé?f? ni‘ﬁOaHrO%EEFSPW?t?m%prQ%Wglaﬁlér?fcisﬂﬁed
detection andig &l aﬁmmm propréipial Grthe mmall Diesht pRSend o 18€lsaalpDy/ €The BRRuALPV e
descri bed reaction, detectlorgl and rel atin steps, as well as instrunents

for perforni ng Eg hahsdnagpes ft‘ElF‘laWér“d’égk?qF%é‘Hp Y (21, but sgnesally IRpE .

4,734,360; 4, 90RBEEgid B30atiA60.5 21 0580394, 15né%n 0 &iay De RG24 to
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 PSOUSbYusiTE apggommsaentpraacylagiEre *Be s lemey beingead.gdeveha

5,972, 294; theicidised QaER uﬁiodmﬁoime%uﬂtedf%ﬂactmg%ﬁ%aﬁee%g% pr&fuedence.
100421 Exanpl es of -colorinetric reagent test strips that nmay be used wth

the subject ibHearfignehpipdcingdEstemps thap detprgtingd %@ﬁtf@@eci@ thg Hipget efemalyicbed in
U.S. Patent NoSyy n?itlQ%gmf)‘lg?As b iRioh9d b]o%e, in many embodiments sample 1s applied to

one side or a first side of matrix 11 and the amount of detectable product is then
determined at another or second side of matrix 11, where in many erﬁbodiments the
amount of detectable product is determined on a side opposite the first side. 1In certain
embodiments, automated meters that perform the above mentioned detection and relation
steps are employed, as noted above. The above described reaction, detection and relating
steps, as well as instruments for performing the same, are further 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.

[6042) Examples of colorimetric reagent test strips that may be used with the subject

invention include, but are not himited to, those described in U.S. Patent Nos.: 5,049,487;
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18JUL2006 Atty. Dkt. No. LIFE-075 5,563,042; 5,753,452; 5,789,255, the

di scl osures of which are herein incorporated by reference. The Cpting 2006
Appar at uses [0043]- As- sumrari zed above, the subject invention provide JUL-
apparatuses, i.e., optical neters, for use with test strips, such as the
type described above, and which are configured to determ ne the
concentration of at |east one analyte in a physiological z,sample fppkied to
the test strip. The optical neters of the subject invention include at |est

one |ight souw,ss d4Qrs,733450] NALY, 5T, e tiRShiRe SFeachOhe Rerdi®Slcoffofddd yhat i's
inserted into the neter, a detector array made-up of a plurality of .
detectors for®E08&tting reflected light fromeach different area of the
testing area of the test strip respectively, neans for determ ning whether

each differeri @ﬁa 1of the testing area has a sufficient ampunt of sanple
based on the : % ted light detected therefrom and neans for
det er mi njgngs] f r OMARRLMIbRASRHEFLAS sﬂgé&w@m P13 BpaRaidddd fileC LA amount  of
sanple, i.e., those areas determned to be sufficiently wetted by sanpl e,

the, concent MBE§BACUSe Hith tysbEps. HiE a5 HE YRecieporbeheboypyst Bhisfizeal sanpl e

applied to t 1q StakiRrind B0 oS J; syW 1 vary
dependi ng onhcgn%%?i ety gf I?a%t é?%cegﬁagﬁﬁzgg&lt sg&ﬁé%@%@g&%h@i@&lﬁ ri ps used
wi th t he net erspletahpliedyaijpe tasf sttih @'ht epticabineiepf thetsobjedtoneveon ingedmatddsl y, t he

meters of the ' i Y |-on. ar mal | enough. t e .portable.or easily
noveabl e. By C’\/I\I/E;f/lgigfQS glséﬁéfrerjﬁﬁgl?m?aﬁlgg Fger?é?%arg?oaantea %lgg%a?hss iefltﬁ‘?gléci ﬁhfl ranges
from about 45meitnm tgecbauty hed:-upmofanduabiye! dauadd Yorfdewoirgheiidct<dQighim't o about

150 mm the width  typicall nges from_about 35 nmto about 80 nmm and nore
isval 1y 11 om SRFoREE FERHR H6T SHBOESS G ST P ETBRBRIES. KU Bl 1y +anges
from about 1QiefEmintgalietier 30h Hifferean e Bl Be t4StikRl dra4 Hak @ BafAeMtambAnddN t 0 about
25 mm [0045] Li kﬁ\é\%ﬁ%, t he shapes_of the subg' ect nmeters will vary, where

the shapes nej™P4 F S ATORRTAT e fegteg g detected Hierpkiopn abBeRtsdHt s, t he

subj ect et ergeWhinlng28SH BBy AnosE hictid A miRBkPRG e 2 Q¥@kien SRR EofAmpIECT angul ar
shape, al though other shapes are possible as well, such as irregular or

conpl ex shapés: thropFes drienisehiodetsufisicats aited bysewplsethe epncpieratigesicati bed with
Foat uros. An ERanbl e e e P R S B R 20 1 < shown
schemat i B8#44ly i n Ehgsireof2hasybicet metprs mill vwry dfpenfige 094 vardety of factors such as
the size of the test strips used with the meters, the shape of the test strips, etc. However
generally, the meters of the subject invention are small enough to be portable or easily
moveable. By way of example, the length of an apparatus typically ranges from about 45
rum to about 160 mm and more usually from about 50 mm to about 150 mm, the width
typically ranges from about 35 mm to about 80 mm and more usually from about 40 mm
to about 75 mm and the thickness typicaily ranges from about 10 mm to about 30 mm
and more usually from about 10 mm to about 25 mm.
[0845] Likewise, the shapes of the subject meters will vary, where the shapes may range
from simple to complex. In many embodiments, the subject meters will assume a
circular, oblong, oval, square or rectangular shape, although other shapes are possible as
well, such as iregular or complex shapes. '
[094 6] The subject meters will now be further described with reference to the Figures,
where like numerals represent like components or features. An exemplary embodirnent

of a subject apparatus 20 is shown schematically in Figure 2 where a portion-of
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16JUL2006 Atty. Dkt. No. LIFE-075 representative test strip 80, i.e., matrix
or testing area | | affixed to a portion of support 12, is shown 18 JUL 2006
operatively associated with apparatus 20. [00471 As nentioned above, )
apparatus-20 includes at |east one light source 19. Light source 19
projects light onto the area of the test strip, e.g., matrix 11, having
sanpl e applied thereto and:which has reagents for reacfing. wWth.certain
analytes in the sanple, as described above. Mre speci%%batfﬁfﬂ1€§%t source
19 proj ects rbirgdthiaO @stlsh® 0854 | ARG RECRstinQ fardBY ke b a borBon o@lihpdf the
testing areas | a- 11N of matrix 11. Light source 19 typically " ncludes a

|i ght enittildgisdhOHeCrEratmly grsoginpd vithappasaiwiahi ent | i ght source such as a

| aser wode, a faltsnedalaom, - | St hke.. [Usual |y,

l'i ght s@g?ﬂe 19 cosnt ailns. Two’ ¢ alﬁgl?t%@%{‘—f%{agéoﬁtr[%g?ﬁggggS{aﬁﬁchrlg‘g‘l%}g% sour ces,
or a singl e sdivoel&? praablightahietht tied althe tepitdyr, egometdd bit, hmdtg swawid engt hs of

light. Light source 19 is usually capabl e of ittin | i ght at vel engt hs
rangi ng frowgbegdﬁer%%ﬁa%h]tcgg%f% ntigcﬁéeaﬁm‘g ng‘glﬁfrfaﬂrn %ﬁg’fﬁsgrbﬁ?ﬁtsmégo nmto
about 940 nnk déseribeixaoi. BlorevpesiBedIMOlidht Sdur@Clo pravat B bhs uad BstRpRleyed,

| ight source 19 is capable of emttin Iig}ht at about 635 rim and about 700
nmand in PaAYTENde "r?glrﬂféhettﬁsémg Pt T Fod madrie Bp dbatb seorcedirisaly | ght at
about 660 nm@Rds 9Pt eBMindAddd LESS L Ay bRRONARAM 150t DRirdeis@iM s 3 044ECE 1S
capable of emtti n%él ight at about '525° nm_ 630 nmand 940 nm It wll be
appar ent t h&tode elipasAdpap g thetofrersesiarbad threliles Hswails, labt sougrd fsbetrips pur poses
only and are,j] L d L1 e, SC t i 1.of as many
ot her " corbi it [ongre et ke e L shul APk, Bhod AEOURILRP,

c‘avai | abl e liivght mesuiisties wavelengtesad ligh:. higtedoervg tl B ds whally gbabldefzanitbgd above

are known in the art_and include, b is not limted to LYS A676 |ight
sour ce capatl)llg}ét agf)v a%er%‘? |Sr11rzénglmlgg e %h}ouglg)g nné%]agiﬂ‘&ﬂ @nﬁn%lsﬁ%[gﬁ]%fi%ouhom ASRAM
Opt 0 Sem cond@iatnas abdun@40 frd F4bdxafpha watrd 3w Qisahcs oravdlelgtides angidywedal i ty of

| i ght detectors or ther ,an array of detectors 21. B urality is meant
greater than® %BWEE%CH%@EE&%%WX%FE%{ E%%P’g}t,églﬁ‘&hat“]d EP?#{&& B8t thrs or nore
are present may@mbodifhedts theMRYsofice tslchGab@LIfREiGiHnE BRGQANEIMN 600Sadddyw40 about
four detectors or. nore aredgr;esent (e. confi %ured,i n a 2X2 arrangenent),

where the AW ngPriaReBbiyRe iyl igngucs s srralalemstisetet fabsut38> about 100

or nore detgChrsm M@fo%rﬁ.hﬁwmmgﬁara{t 1A IHe (aQLISn AN QYR Ed Wirkih aMeaEY
dependi ng on the size and shape of the testi ng area of matrix 11, etc. In

© other wor ds exthRan pHFeFes oRlyiapd ppilenmivay wended ot hascorarebajpvertioact or array
21 is relat %Qma% &tﬁ% c@&%@ﬁmﬁfoqub%%éxg{hg a&gﬁggi@l@%s QLy. RLEAS:Aly a%aﬁa%&t ing area

that are neasured. Interest are tector arrays that 1nclude about
light sources that produce wavelengths of light described above are known in the art and

include, but is not limited to, an LYS A676 light source capable of emitting light of 635
nm and 700 nm available from ASRAM Opto Semiconductor, Inc.

[0048] Apparatus 20 also includes a plurality of light detectors or rather an array of
detectors 21. By plurality is meant greater than about two detectors. Typically, about
three detectors or more are present, e.g., in a linear or triangular arrangement, usually
about four detectors or more are present (e.g., configured in a 2X2 arrangement), where
the number of detectors may range from about 6 detectors to about 100 or more
detectors, where the number of detectors employed will vary depending on the size and
shape of the testing area of matrix 11, etc. In other words, the number of individual
detectors that make-up detector array 21 is related to the number of discrete sections or

arcas of a testing area that are measured. Of interest are detector arrays that include about
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LFS-194 14 1 8 JUL 2006 Atty. Dkt. No. LIFE-075 9 detectors, e.g., ina 3 X
3 arrangenent, about 16 detectors, e.g., in a 4 x 4 arrangenent, anq @98#5%5
25 detectors .or nore,. eig:, in a5 x 5 arrangenent or in an 8 x 8- '
arrangenent for enbodi nents having 64 detectors, etc., for exanple for use
wi th rectangul ar or square-|ike shaped testing areas. In certain

enbodi nents of the subject iinvention enploying a charge.c ed, devj ce
("CCD'") canera array, the array may have about 1,000 oﬁﬁ%g%gk%gggg¥%rs,

e.g., arranggdiiehiof, 242iva #1924 225 1BNY8BRL: mg@a%és %2048 . an %Eggﬁﬁﬁ@t-

.2 : .
Accordingly, the nunbér of detectors of the detector array may Tangé from
about 2 to tlhodgntdd dagptonay mofe,@xeanph € xordtpnggmknh ot injan 8 arfyarwageniant ended t o

g ng 1 rom s st e OB hon U Rl SRR B ALE Rk EenBBB R, LBt 2 o
to about 6 nmeEguatdikkershadedestfig arckat GCtedtmh embobinemtsalfthy sugagenkrigon about 9 to

about 100, and re usuall rrom.about 25 to about 64. [0049] The
confi gurat i oﬁmﬁﬁ’c‘lﬁé CE@E%E%‘BLEQ dF‘H%&(Qﬁ:répe) TRy e BT A H2XG 20A vary

accor di ng t 0 @0y 8F in6leVeREtofsagE OkeinBMC 2832 k194 8- £R AR o8 GRS Mgt he testing
area and the " Iike; however, fhe détector array is configured as a single

unit. That i grengReciedeotdrgy. draundsseciceion af dipetelreior ey BRHrResReq ece or
one comnponen : i i r i ar ] rn or the
ee. T 0030] i GaRugo s PEE! S timlol/ o, ALk PREP AR, 20 1R ST "

det ect or ar r agope hbthe nyedionufvbe testofg o themend ledgh eogogdro2d @oRUNmimioa vari ety

of configuratjon wher e . such . nupber det ectors and configurations
t hereof are 8?(%’%%?/”%% lﬁl arﬁ%gl%ﬁ{é@xf‘ﬁg%gg %i‘/o %ﬁfltef’ilﬁgldg}eémfnlg?ﬁg}? t he scope of
the inventi odet:Ace ot usvgllyrangd Qo @badAS $Iuhos: HIO, ardtedrpLanyly éohatiburaat  of

detector array 21 having 6 detectors, first detector 2la, second detector
21b, third d&t®OEd¥ 21c, fourth detector 21d, fifth detector 2le and sixth

det ect orpgedif, confd @Hfi@HatoN 0B i3 détedioRthARMREBN e dELGHT £rad BragRaMWs an
exenpl ary enbodi nrent of = detector array 21 having 9 detectors, first

det ect or  21aacceEbnsrig 2atiey: phiactomsuchasithepizegad seps pf the testiggaira st ect or 21d,

fifth detect Q.. 2dQevesitid dtd@h 864,0K ckioured 8Y 8 Bhble 48% CGLOE, thddetdhtor€h@ht D
detector 2l h and ninth detector "21i, configured in a 3 x 3 arrangenent.

Fi gure 3C shewscignd wgeihyta fymeanb pidinuone efmpluieeict-Br grmayix 21 gibyPhg 8

detectors, 2| a: confboyned..n a 4 x 2 arrangenment. Figure 3D shows an
t . .
exenpl ary enﬁ%ﬁﬁ%é%%oo? ¥ etectgF array 21 having 12 detectors, 2la-211

confi gur{@esdl n a 4Figwss dh3EmjewentmpléEy gubediments of the subject detector array
having a number of different detectors 21a-21N in a variety of configurations, where
such numbers of detectors and configurations thersof are exemplary only and are in no
way intended to limit the scope of the invention. Accordingly, Figure 3A shows an
exemplary embodiment of detector array 21 having 6 detectors, first detector 21a, second
-detector 21b, third detector 21c, fourth detector 21d, fifth detector 2ie and sixth detector
21£, configured in a 3 x 2 arrangement. Figure 3B shows an exemplary embodiment of
detector array 21 having 9 detectors, first detector 21a, secdnd detector 21b, third
detector 21c, fourth detector 214, fifth detector 21e, sixth detector 21£, seventh detector
21g, eighth detector 21h and ninth detector 211, configured ina 3 x 3 arrangement.-
Figure 3C shows an exemplary embodiment of detector array 21 having 8 detectors, 21a-
21k, configured in a 4 x 2 arrangement. Figure 3D shows an exemplary embodiment of
detector array 21 having 12 detecters, 212-211, configured in a 4 x 3 arrangement. Figure

3E shows an exemplary embodiment of detector array 21 having 16 detectors, 21a-21p,
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3E shows an exenpl ary enbodi nent of detector array 21 having 16 detectors,
2la-21p, LFS-194 15 1 8 JUL 2006 Any. Dkt. No. LIFE-075 configured in a 4 X

4 arrangenent.. Figure 3F shows an exenpl ary enbodi nent of detector. ar ridy JI#17006
having 10 detectors, 2la-2l1ly, configured in a 5 x 2 arrangenment. Figure 3G
shows an exenpl ary enbodi nent ,of detector array 21 having 25 detectors,

2la-21y, configured in a 5 x5 arrangenent. Figure 3H shows an ex Iary
enbodi mrent of detector array 21 havi ng 64 detectors 21a-31 1 Eﬂghred in

an 8 x 8 arr aggﬁ{%%d in A% x'é‘rsa n?%tre%lret, ﬁgsn%mgexerfgll nd g cfmarét get ectors

and the confi I on there make- U ctor array
may vary as apipﬂegtplrafmélhe‘«'lgglo rheagctdfre Ziedéy, @onﬁ@sﬂ maSﬂ‘ﬂJetﬁmQﬁﬁ@@tE@d&&than

shown herein. [0 As de cribe Vv C ect or of det ector array 21
i s capabl e of 5'533 t F'hgoP ary AT g%???ﬁ&@&?@?ﬁ@d“iﬂ“gﬁg detgetgrs, 2lgrklyyusel v
reflected |ightnfigufedrn a SxespROgingL F@de TH shos@Gh QM embsémeﬂrgafar ea of
matrix 11. That is, wth respect to F gure 2 for exanple, each detector 2la

to 21i of det SEEGP Uy h?‘im%lé‘f Edqedorg %]fa’r?elét EenfigigHn 41 DR arrekacIEsiAAGI Ny,
discrete, si ngf}ﬁré’n@%‘{)\é‘?oﬁﬁ@%d@i d%&t&s)ﬁn&#hle c@kﬁig%m% iHelboF Erggl'egedﬁ df ITst

detector 2l1a <collects reflected light fromfirst area 11 a, etector
21 b detects | imght-up powhieéeederior agmemay vidy as afprordiatiet. gcnay meedede“tI@ebs | i ght

fromthird ar tor 21d detects light fromfourth area 1
| d, fifth de C%Jt&ﬁofgﬁﬁ&{&ggt% |%lght fromfifth area 11 e, sixth detector

21f det edbfdii ght f Aedesbiifeilabavecench fetbgtorsd\ietattbr aiﬁtyea: tisorapaklgoftiteetigorl i ght

from seventh. area .11l ete 21 te ht from ei ht area
11and ninth dSFEEPEPE %Eﬁ%‘ggg%c qp{ﬁtfﬁlty r?&"t??ﬁ% ’igﬁrl’ ?ror&rﬂgaSPi%rre E"*'ﬁar@ size of the
di-screte, corkgespoBL BYingRea oﬂﬁx’(a@ﬁtleThal@}S fak kspet @atiffre Wfér'exé&ﬁ%y edapendl ng
on a variety of factorsrngludl , but not imted to, the n er of

det ectors enpREfwer 2182 d Py eetetorpRay Ahtstsols refiected lghifieim & coreaowsaRs det ect or

are transmttgdetR onge eapelmreearar@laa%@m@@@ovrr%F?gﬂ?éysﬂra,de@aomﬂl be
described in greater detail below, for determ ni ngm et her each area has a

sufficient amulivetsgtilesiambrl froapiisi aser Uﬁeiﬁéftf@ de{e@@s deprstarlighuisoR eecand o
I ncl udes 'mghfégl?&mugdfdfe?e&owfc defRANRE: £ 11%?&&@&&3%&%?&&&&0 areas

of matrix 11 onto spe respective tectors I gure 2,
i magi ng opti ckglsfrmsfoeﬁmanegmceﬁfthdetﬁcrtarg?dfaldﬁigttthgﬁrfmm fithsteadigaixth | a onto

et et oot ongia WLl Lm aoeane B9, R-om pssend et of 210
area | 1d ont sevbodimteh ldigtetuht detecBir@d 1 h detectshghft Gomleighosirea 11h and ninth detector
21i detects light from ninth area 11i. The size of the discrete, corresponding area detected
by each detector will vary depending on a variety of factors including, but not limited to,
the number of detectors employed, the size of the matrix, etc. Signals from each detector
are transmitted o one or more analysis means for analysis, as will be described in greater
detail below, for determining whether each area has a sufficient amount of sample
* applied thereto. |
[0052] Apparatus 20 also includes imaging optics 31 for imaging reflected light from
specific areas of matrix 11 onto specific, respective detectors. As shown in Figure 2,
imnaging optics 31 is configured to image light from first area 11a onto first detector 21a,
light from second area 11b onto second detector 21b, light from third area 11c onto third
detector 21¢ and light from fourth area 11d onto fourth detector 21d, and so forth for

each area and respective detector of the detector array as appropriate. Imaging optics 31

may tzke the form of one or more lenses or mirrors or combination thereof. For example,
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each area and respective detector of 'the detector array as appropriate.
Imaging optics 31 may take the formof one or nore | enses or rrirror?&lgf'mmE
conbi nati on thereof. -For exanple, LFS-194 16 1 8 JUL 2006 Atty. Dkt. At

LI FE-075 -in certain enbodinments, inmaging optics 31 may take the formof a
single elenment lens such as a doubl e convex | ens, as shown in Figure 2 and
Figure 4A. In certain other: enmbodi ments, imaging opticg,TBY ﬁgEgﬁe form
of a double elenment | ens such as two piano-convex |enses shown i n i gure

4B. | n ot herineshodemboditientgimaghy &Rt 31 8RS ks wetiem ywhenehyeine;: aghr omat i ¢
| enses, each haV| ng@@&nvex rovvn surfaces, face each otcher as shown in

Figure 4C, ni{ipe? CORYrE IFn8 s B i“d:dgléfﬁl—éﬁ%ﬁ(ﬂé@éﬁ Begraboter are  known
inthe art. é&%%hed?@ﬂﬁé’g%gbb%u%@ t%@e B fﬂﬁqﬁ% JIBAD S dn 1A% sA8LE TP i ng

whet her a sufficient anount = or volune of sanple Is present 1n each area
t hat nakes- uplam%@ﬂtf@slﬁl&ﬁgs@rﬂ@an Bigureettty. ixothdr embpbigreats suchhdatelem nation is

based Li ght .d d f o f
the.ar on whi OREapi e FEr B Ttee) PO rATER PPy P WRRES Bl = 11O

general ly a dhegi isashowmt:ﬁ“ggxat ed, miy euistd. 24e lonk edgigstattnsalestiri@ed Aové ok egr at ed
circuit 24 ig}under the control of a software programand thus is suitably
programed t RERMEE Al | of the steps or functions required of it to

det er ni pgysyhet herageiheob edo dcalats Hedne ot e dEﬁe%%@%eth@J@ﬁfﬁM‘t gabes a
sufficient anount of sanple, or any hardware or software conbination that

wi |l perfor mis@immed GUPRle i Prespritn eaes aror it makes-wihplesingriran maaikdini nat i on
means 24 '%H&P%h%et@ﬁmﬁﬁ%ﬁﬁ%ﬂa@&i bn '#@wﬂn{@ég{&c@ha@%mé&gﬁ%&h' n the

nmeter to determne, based on reflécte etected from ea area of
‘matrix 11, whes hes fremfie aggaoritcisanipiidectirgeisrieselstted heldabihs meaais Sanpl e anount

det er m nat i O %F]gij%l%lg& g?!lte cﬂ‘c%ﬂ%ﬁ \R/ltl]e?e %ghgliﬁgl%loi}clte ra?ed% Qllltfﬂr Vs S' on

el enent such converter rts-an ana og si gna
from each detlheccurmrol cb]‘bi @ftergiptegans aghtabs is mwbkyq:rmtrymecsarq&bcmte i thret

determ nati on nea car s necessary to
det er ni ne mﬁ%?ﬁéﬁn$%?¥ %$Eﬁﬂﬁbbﬁﬁﬂﬁg?g%{ ﬁﬂg+%ﬂ?ﬁ%8&?i?§ﬁﬁﬁﬁp of t he
test strip idaeiRaksss Bsulfudt mﬁmmmbf QUL Dy heaivpletor seftwiatondtigdion . :

i ndi cat es tq%wia parti cul ar are i S sufglclently metted with sanple or not .

[0054] |In ad8rtVHReEY™ FHEL KEBT LB 1 STRPIRAHP Y CHHFEtPRIN SI5S i ent

sanple is pjesespabldf eaehingfor tdm AnQastithy QoA 8A8e AReAtdREmSES | P, the
subject neters also_include neans 26 for determning the concentration of

an anal yte i basgdyen rgg?ﬁtﬂdéigg%geg@teg hrofrhgach 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 slement such as analog/digital converter 22 which converts an
analog signﬁl from each detector to a digital signal. Accordingly, Sample.amount
determination means 24 is capable of carrying out all the steps necessary to cietermihe
whether reflected light 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
wetied with sample or not. '

{0054] In addition to the above means for determining whether sufficient sampie is
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 determ ned to have a sufficient anount of sanple based on the
reflected light detected fromthose areas of the test strip, where ar?%
determ ned not -to have.a sufficient anpunt of sanple or are not JUL 2006
satisfactori-ly wetted with sanple are not used to determne LFS-194 17 1 8
JUL 2006 Atty. Dkt. No. LIFE-075 analyte concentration. This means is
generally a digital integrated circuit 26, where such | rat ed
circuit 26 is under the control of a software program andghﬁggq\ic’sh%@lgt ably
programed to gx%eeddRcdlhidf TELQ%&%S@P@@I@&LH@/ld'ai:g?ﬂapxﬂé faEq rElﬁdZé){wgér% sucgl . any
hardware or software conbination that wl errorm uch require uncti ons.
That is, anal ¥EEi% oreaswes %zftmsﬁﬁ@setnéprn&mmmr@hofmﬁwz@rmma;piamgsof
executing or fgollg Aneddd 9L L det er m ne

anal yte concentﬁlrlat }Ngﬂ)%fron%t osg{lagg:gg{hgé%? &r}uﬁ‘:tgnstreq‘ﬁmd 0Py QiFFFEi ent

sanpl e, wher e kddvar eawitdetcermbmetbnibit wil phdiven ssiolf feigoir@ifinctisanhe iqr e
excluded fromthe determnatjon of . anal conc tratlon ( | yte
concentration %ﬁ'@??ﬁnﬁeﬁﬁ%‘)ﬂ %Eﬂlga% W#%ﬁ%ﬁﬁa?aﬁ %9 (jﬁ?cétlr’ig %?&g"é%ﬁ‘r ate
conmponent fromlg&anmlsereaiDihe incey & ddrin@id MRIGRToRANtRIsh fiofh B6Jeladd

enbodi ments neans for determ.ning whether a sufficient amount of sanple is

present and meRHETHSE U BFHINPH GAENE Visshibe AcriciERLIGE nefrio B#vgIsyifsienased on
the those areag felss SRtk o RAVRSHEbIGH §Ohai5R TP EnirdFBY. éﬁﬁalgége same

integrated circuit.) Accordingly, digital integrated circ i s capable
of carrying omoﬂaﬂﬂtfalﬁweiemmﬂwe@@%&@gs shovendludce’ anarS@pnratt sormgimmerifionat i on

of anal yte t ned i have. an ffi.ci ent
sanpl e based ogr%&gﬁ Mr e%%m?tl ve ag@% @te{ ﬁ%péalndel? fme 5t eeaflseholr:t]e%lﬁréfﬂ% ncl ude
only those areasstiof aslltfécwmﬁmosmtrquakaIswssmfaﬁd meﬁmtfo:&&tqﬂhmmgsthq)r esent,

i.e., the sufficient 1The t ,meth Iso
i ncl ude neans 23° ef“gr?u%‘ﬁ ’?f?yt%éﬂ Cﬁ%n %8‘%%%‘6%9 “E‘g@é’iaﬁ Cilvté

det ect or -of t heaylserthysatietieedraed cM&gMaﬂmlgw difNalSntBRaes cit @it Q6 REapidly  a
digital int egr&tged Ci rcubt 23, where such a calibration means 23 1s under

the control arridpg Pt 16,58 E PESRT SR 0O F’Fﬁﬁ‘édei org if§ feiegiiPn gt ativEd t

execute all ofcohhRubdAPsyQreas HittBedin QNS hERAY KB Rt danpldas®IbA har dvvare or
sof tware conbi nation that will performsuch required functl ons. That is,

cal i bration neafestiyglighd V@&MSI@@%&G@%@WW%&IW onky| thespprsas efrihe 4516 t hm

stored in the W@r@é’u’fﬁ&émt%ﬂl@ﬁ%és&ﬂ teh%ené%}"fﬁ:'ientlﬁwgtted £ach detector of the
detector array 21. (Calibration neans 23 1s shown in Figure 2 as a separate

conponent [#058m sarfhF éubéﬂ?bil}ﬁ‘iw@e‘{l@r a¥onatlidsrmempeidonulibmngithe kypagatus and
concentrati O”esg%ﬁrf Bkl 0 (HEAR. %-%x?hde%‘;'t%r IR Gl Prifihodt Bk SRy be the

sanme i ntegrat CII’C it as one or
digital integrated circuit 23, where such a calibration means 23 is uader 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 sach
required functions, That is, calibration means 23 is capable of executing or following an
algorithm stored in the meter for calibrating the meter, €.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 ﬁay 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 calibraie sach detector of the apparatus independently.

[0036] 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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] |

means 24 and neans 26.) Accordingly, calibration neans 23 is capabl e of
carrying out all the steps necessary to calibrate each detector of the
apparatus i ndependently. [0056] The subject nmeters may al so include neans

for determning the total volunme of sanple applied to a test strip 2%8 JUL 2006
where such.a total sanple volume determnation is LFS-194 is 1 8 JUL 2006
Atty. Dkt. No. LIFE-075 based upon the anmount of reflected Iight det ect ed
fromeach area determned to. have a sufficient anpbunt of sa Thi s nmeans
is generally a digital integrated circuit 25, mhere sudﬁyémggﬁﬁﬁgwk

integrated circuyit (S un r t he .c r ol t re program and thus
is suitably 8?03 (ejarfl%u H?CéEda} % ﬁ‘ileg%'? &frs 2 \A%Ftlﬁﬁ@{l?“gtﬁgaYeéqui red of
it to deter mﬂﬁelehlhﬁuﬁmtﬁlsazﬁﬁﬂ‘plfh@s Menk Bz cagpily £doh iftheabestcugtll p, Or any

har dwar e or s ftware qbl nation that wll perform such required functions.
That is, totdf e‘?éﬁfﬁ% 1%‘(9 (HESTArEdTELt 35 15 Wdpdpatnaro bt 2R Ev e Prgrat &0l | owi ng

an al gor i t hmys of Selat 1P ploBRAVRHEY cxlefute FRLLMELRS or%ﬁﬁgnﬁ@qlﬁl%& begted i ght

detected from each area 6f the test strip deternined have a sufficient
amount of sanpEeying He tatdsampls aplpine apmied ietha st dtéw ot @nythatedwaemr sgftwirp. [ 0057]

The, subj ect 1mkats: 2liag ol MRS RIQU AT AN SRl SuARIBLY Bl WIkgh T2y be

digital integrated circuit a and pr ogr am of

one or nore afeatdidSs is cipgblt af exlemtmgbafodaldwmcrramalgosthnf std)fﬁdsmrtbet meter t'Bhe subj ect

meters al so include re orti or |cat|n t.ot al

Vol e, 1 eouPETHRS SRR Sh eeRdat Bt Aer bhro Rt e e im0 T e

user. ACCOI’dlhE]@a}/sufﬂcﬁﬁ@ﬁﬁlmmgoﬁﬁmpﬁetha&t&’maénlblakelumal’aplméﬂ e esCay and soft

copy forns. Usual,lﬁgl Ftuhﬁl s a visual_ display such as a liquid crystal-display
%

(LCD) dPO3%ight e bf ALEEalsy eisyle pegEhaRd dﬁ@ﬁﬂ%@%&; g mded t ape
printer, audighls 1ﬁﬂe§r@ﬁh cxr&ﬁt thhNGorkd de6: anl?&/@l-@'@étm% 9@?1%]11 Jidge SR GE b nvent i on

al so provides nethods for determ ning the concentration of an analyte in a
physi ol ogi caligdalrpiegraisp girsueld of e moteasibe sulipgh meGpeaiof ipeiudd rpporingdeyisp| ect

| nventi on_pr oykASSURLARCS O QUBLeb! AL RELANCENLLALLAN 0L an anal yte

in a physio oglca sanpl € appl | to a test strip even in those instances
where t he enticsmge ga, todlie mshxeAlcesﬂmglvrne]ppmﬂrged@mé&wwemrvmsmarherdtcmn i.e.,
the testing ar det ctl t titely
wetted by thé Gg%?r’i;{pﬁogy Oninﬁersu%ey 1gﬁ§els%1£§g grrgl oafs }%IQ%C%& ?gg?fg‘adn%l eis
appl i ed t her et bgtr emweiig dibde (£BD) display, &at iamdy olso sanpbepriigerappltiledgnaloevenl y or
nonuni f or m ythe like.

METHODS

{0038} The subject invention also provides methods for determining the concentration of
an analyte in a physiological sampie 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 in those instances where the entire area
of the test strip where measurements are taken, i.e., the testing area, dstection 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.

[0659] As such, it will be apparent that the subject methods provide the accurate
determination of one or more analyte concentrations using small sample amounts, L.e.,
sample amounts less than conventionally required. In current practice, sample amounts

of about § ! or more are needed to wet a testing area of a test strip for accurate analyte
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[ 0059] As such, it will be apparent that the subject nethods provide the
accurate determ nation of one or nore anal yte concentrations using sg? 2008
sanpl e anounts, i.e., . sanple anmounts | ess than conventionally requir qun
current practice, sanple amounts of about 5| or nore are needed to wet a
testing area of a test strip,for accurate analyte LFS-194 19 1 8 JUL 2006
Atty. Dkt. No. LIFE-075 concentration determ nation. However, because the
entire testing area need not be wetted in order to obt arf BE‘C‘U’r{'H%OﬁnaI yte
concentration d%@érﬁfaﬁ‘brp@étérﬁﬂﬁnl:ﬁ?'%gm%} é%@%emﬁéﬁﬁgh no e\g%unts | ess
t han about 5 ? oftentimes | ess than about ere sarrpl e
anmount s of abiailﬂrdfsz tg Objﬁmlﬁ@!%@tﬁtmiylytﬁesoumdamum ctetaemmlamrsmmgr&tehdnjsctl n certain

"y be. used ChSn oA ane BidE i TaR A e EONEIEr K GHOUATLPAT A o,

Sanpl e may bgei ntﬂe@ﬁuﬁ@& amsbhﬁmapmmmzsamy@ea@d@ﬁ thie REjE L SethS b il 1h|0 US' ng
any conveni ent pro ere sanpl e maybe injected, w cked, etc.
maybe conveni €At HHEHH\Q%QW%%M ‘ée’dm%n()enéjofié%@cmss?ﬁmiﬂﬁ VB@F@Y’%{%F’W&& er t he

test Strip iS.imsesdhRek otb@i0h LHHAE WSk QcB}f%Eﬂ%a'tﬁﬁ?hé{emﬁﬁ%Qﬁ's% g nhth a
subj ect apparat us such that the testing area, i.e., each area He testing

area, of the hedgrodiced iothy appeaprisiearcawi thy tQSha;tngrgsmgaiy C@o‘mp@némm@jf t he

appar at us. \9&9%53.%?@ Qyté’mﬁ:@@ vﬁ‘:’@ &L %@q% com?:c Fpgaﬂi}@r ma %9 sanpl € to

a testing area of a‘test um natin TWth 1i i ght,
obtaining a r@fphatﬁoalrtcs@stmalbu@refuraﬁmrdha‘ﬁeﬁrsmptas ina¢red Sntobr mthﬁwﬁsesapermtgfea/r ea
separately or i nd det er r. the obtained,. reflectance
val ue from ea%?ﬁocé dgwﬁ(ah%lfuggft "?pi‘rﬁiﬁ? S‘ﬁh@%‘f ﬁhg‘?sgﬂg arﬁ%&n?acgﬁreﬁgm}ﬂa &N present
in each of tde, af @a%est driemay d:gis@f With kR pYb thaponeRe Bf @& egpatasussuf ficiently
wetted by sanple, _ and derleJﬁ% he concentration of at |east one anal yte

fromt heyﬂg?%}as det@rirHEdT thpds Lpfudr PRIKPS sATET adestiag st &2 Gfer e t he

areas det er m gaggd imehindtOgMiamestag stk HiGILeRt oRARMB L refb 8@ Rhe REEdifeknused in
anal yte concentration determnation, i.e., non-wetted or insufficiently

wetted areas #PE O6NEIGHHBHAE? SHIERE o islepindentynderminieg whethrs therabiaingdi on
conput at i ons. .o yY&k DM Sa fOfof SRR mdd?ers'tk\/dt quﬁ&@ht R’rﬁvuﬁ%@ﬁ‘@l& Alph QB i OM

reflectance values are known in the art exanpl e see S. "Patent No.
5, 059, 394, t heclpkbe @rg%sreeoictenmmrtgmheﬁleheacémauml@ﬁtqmtlawtledjw samplsr ence,

[00611 A feata‘.x‘lrd‘?le{i’xfn?%ﬁl%c 4R £6hn DB é?lgtsone%natlgtat&oln”cﬁé sad ff n-ﬂﬁéd ¥IH% & S ”g' €

refl ectance Vvalue entire testin as 1s common done, nult
refl ectance vsffirésit gmeunt déa'ampédwmrcmemﬁas dgkmyingdi € odtee awéﬁsermfambm testing
area. In thi sofvs\;/aat%pletapaono?us%ﬁ %aatsnaﬁl{e c,:[ogceentration 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 is 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, i.e., of & plurality of
detectors, detects reflectad light from e 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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testing area having insufficient sanpl'e may be identified and omtted from
anal yte concentration determ nation, [00621 Accordingly, each detectq @ 0
an array of detectors, i.e., of a plurality of detectors, detectsfrefl% We@
light froma discrete, respective section or area of a test strip, i.e.,
froma specific nunber or areas of the test strip, respectively, where

i magi ng optics LFS-194 20 1:8 JUL 2006 Arty. Dkt. No. LIF qz§ ﬂP%—P
enpl oyed to focus or direct the light fromspecific ar eas" spe 3

detectors. By, phdiralibfed wb BelBaRthRAL LY fr%ﬂ%ﬂec‘?f&oﬂéas BM\@ géactlf?ch Hotbrs,

Typi cal |y, about three detectors or nore detect e test strip,
usual | y aboutB¥ pluralitieis ecemgecaist tfﬁ@ﬂleﬂl(ﬁe’ﬂe@ﬁttectqngHbfplcﬂl’yombmlh@rﬂeeisitectsmsrorp

where as many, m&z d@@&liﬁgh?fraﬁ‘w %Ct%'i%t%%tu%uaﬁ a% utjfour o {e%gi%roﬁglg)g% c%ge;i Lgh%OOO from

t he test strlpln cer alne inS6
detectors orfrowmte tehesteptwﬂaragistménsxem&dmeﬁ ﬁe:sdtors td dbout MOeF eotdRtdatindper of

detectors enp flg%{ekge var B{n mg ngl?the si ze and shaﬁ)e of the testing
area of the t%¥& 7 f)trlpé"[‘%?tak?ﬁ 0 E18heEE PrsopR emBiBer D 0delgsiofay  det ect
the light at swhséadtd: abhifiobhBe SaNB N vidielthefi8fer ot detRSrs MD)I&MWII@al ly the
light fromeach area_ is detected at substantially the same tine. [0063] As

ment i oned abo'®sy dapetdie iRt Bz andubpeiof mteRisg piet of th elepmdienthcar eas of the
test strip argdetentrridieach Gof eapantbng, gﬁbfs@ﬁﬁa% %@%ﬁ Liggkance val ue

is meant any value or series ues, gnal's fa set, etc.
relating to ameshssipedilathelight fofm eachfateedt @dbctadghmbﬁtmmmﬂcaamesqmendl ng,

{ ?:-p’eCt I @%Ggr ea OfAstmhe%nB abgw}er }e ectaAncle r%gak/ve Ct% ggg\étg‘,slgtgep]arg@ ﬁ{jar%s OF @LP y form

fl ectance va ue nay | ect ance

val ue may be teint;mpmmﬁepnereﬂegbmlcbyespbncﬁmgo@dtanmm}lﬂeﬁecﬁﬂm mummdeynmxer a
period of tine 0064£8€w&:0r di n to the subject nethods, the observg
f a

reflected i g"l*?"lueforr &° Ut St ]15’o°rr aF%SzH%feéreFﬁ HeAEGO B OPSTEee ATPWE 0

sufficient aregdtedaf hsfadmheoxedrsmﬂamgce&@acﬁwm dihie: tadt edipl & réfebhihdzi @Rkl y
wetted by sanple an§ i.ndi cative of such a suffici ent ampunt of sanpl e,

is used to deRahFimAELE ﬁ‘?é‘“c‘ﬁné@ﬁ?ﬂe&f@%"ﬂé‘fe a#Ae D Y PF IPRESSAMBIe® I n ot her

words, a refrbﬁé‘cta%e@@amfe%geoefd%emee@ehodil@aﬁ@%;%stm%laﬁye&daﬁm&myt&md@t ermne if
t he correspondlgg area has sufficient sanple volune or is sufficiently

wetted by sargshed oftiniet t ed by enough sanple to provide an accurate anal yte
concentr ghzfi” ”Ba%% ‘%oth é‘ct{n@ﬁoésaEHa'oﬁser@e'aD %}té?ir Phb‘rﬂ‘éadh” each area

corresponds ‘or is re d to I ght reercte ere
detector is determmed o 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 in 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 embodimenis, 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-?1 00% covered with sample. It will be appareat to those
of skill in the art that the reﬂectarjice 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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i.e., a reflectance value. Accordingly, the amount of sanple required to be
determned sufficient will vary depending on the anal yte of interesi, ]LPGZ(,QUE
size of each.discrete or different area, etc. In many enbodi nents, r@ rL
will be determined to have sufficient sanple if the surface area thereof is
at | east about 95 to about |1 00% covered with sanple, usually at |east about
98- 100% covered with sanple.. It wll be apparent tothogw 9{] 41;% in the

o

07
art that the reflectance value indicating or relating to su T¢i ent

amount of sapplie tieldr sy danel ggldﬁ%t&@szaete/%ﬁffﬁta&&hpﬁ@a&%&ﬁ% o'fQ&LﬂéQ' ng, but
not limted LFS—194 21 1.8 JUL 2006 At FE-075 to, the type of

sanpl e, the @ﬁépfﬁ%&%mﬁh’% @?Yé@tl"eﬂ@ﬁléma@@f fihelecthe f%@ma@mwg agf an area
may be det er%@o@ﬁgd b w%'r"é!féi% H@Eﬁ@&% x{wgmte\%"&rtg hkhf't%%%ehé){ﬁ‘otﬂ _enbodi ment s

are provided by way of exa and are I'n no imt the
scope of themvcrnmenltmaﬂmmbbmmamtb agrfesthnpe vl is deterafm@mmmbdmaime)f e

determ ned f ach d t t he te as descri bed above,

where the de eet?c(? SCL egﬁ%% evgll‘ffgﬁlesdce%e %E?%tg?famf%m%%f}ﬁ?thf any, of
sanpl e or weﬂhtsmgmanfanmfgae@mmen@g@f@aone{sp@ﬁlﬁﬂg ad¢n. one enbodi nent, after a
reflectance value is determ ned for each detector, the. m ni numref I ect ance

val ue f 18§ hnongsf o8¢ Frbydansnsrafiecy RHEdanps Vifes isidstetaingd for preg detepipn the

reflectance yalu@mirsidhan GORBRLEAIQstaMitg: ﬁhéﬂtiﬂé%%@ésq§detmﬁ by.a
refl ectance value and corresponding "area is determ ned to have a

suf ficient aivBeritnceizlsainpies cpmparkéto thistilisionancéiey ahuebyy seiwde vHer ef rom
lies wthin &hd Q:%ETE% #%%}gﬁs%t]pmx{}ledeto haves ﬁl@cﬁ&?%blﬂlt P%san{pheeif me as, the

m ni mum r ef | ect anc e area 1s ar ea uces the
i ni mum r ef | etance vatad preducko theetranyilce within zarrtainegngp oy ecl,essmmstarefanpct ance

val ue that within about 5-10% o rrumrflecace va

det er i ned t% F‘]zﬁl/eeasathe SutFiE e ?Ctaé}ﬁeo'ffﬁﬁe °6T%1f Q‘Sﬁ‘fﬁaéﬁ P as? Ehap?mii%ce%tltf}ﬁst antl aI ly

the sanme as hithitne réfieniamennaloal I sxaf i€ iRantdhe pr6B&S aiefdcagced efdeaedtance val ues
t he. m ni m ref]ecgtance value are deternmned to

greater than bou %

have an msu‘f”fI é‘?’ﬂlt iBrﬁlP%tthed?mg%ﬁ‘bFe ectpncg valugyipls qefermigstfehafid al 1y the sane
as the m ni Muffdiat BRourdtOF sa@p@DE Eit isklugin@aid, BB QMEe ¥8S temidinunPRBleat | vel y
associated with detector 21 having detectors 21la-21li. Enploying t he net hod

described abbbee theResas bingdeiracs, wldss gropichinn plons 11 0% fisgupmm wou d

provide the ALz RISt BAEANER Y BhMES iRR DAY RSB 6O5RS f‘etpéyarmtt ed by
sanple and are determned to have a sufficient anpunt ofp

Accor di ngl y, subkentiady fheceanesehs ainiaymivalim Bor essnnle, [Fagurg 5 ﬁfwwsrma{trex rd, 1 1g,
I Th and | ti,.858ei5 Q0BaREE iR alBGorP 1T b ELb 8 21 AP ECENBIYR s #idnethod

described above, the reflectance values from areas 11e and 11f would provide the
minimum reflectance values as they are completely wetted by sample and are determined
to have a sufficient amount of samptle. Accordingly, the reflectance values from areas
11a, 11b, 1lc, 11d, 11g, 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 minimum 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 it demonstrates a certain drop in reflectance, i.e., a predetermined
drop in 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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any of the areas found to be with a certain range of the mninmumreflectance
value, e.g., wthin about 5-10% of the m ninmumreflectance val ue, aTFJUL--ZﬂBB
det erm ned have sufficient sanple, i.e., determned to be sufficiently
wetted. [00661 In another enbodinent, a particular area is determned to
have a sufficient anount of sanple if it denobnstrates a certain drop in
reflectance, i.e., a predetermned drop in reflectanceasy ogrneat@rgrsfrom a
time prior to sanple application to a time after sanple application and
each adj acentrenldaropidgdedesa krze dande is pfflectaraspronma fieé pecttaruenle beyond a

certain mni I | - Eor le, referrin ain to Figure
5, LFS-194 2 gl%og%ﬁ %é%ﬁ%@ %ﬁf‘ Q@élfﬁ%ﬁgséﬁhg%gsﬁ?p Leretleyacolvgﬁegg“ ul d produce
a | arge changepienFugfereot adfmeertf nem B ot 1 Ivel by i O addd 158hpbigd padpddgati on to a
time after angle a Ii(:atig.‘onc because if is.conr})l etely (ﬁovered with sanple.
Fur t her mor e, “&df AR EE 8 K& °F 2o altpr sample applicajion; becaysg 2fl hye abJepstagmt d pr oduce
at |east sommuehengeplenAtefdiec) anaealiid bsadthenanphicatharihecause all
have at | east sone, anpunt of sanple. Accordingly, area 1 If would be

det er ni ned tBRELR SémglﬁibF‘iaE?eéthod%ﬁ%Elﬁtopélﬁ reglapipncs vBlee asis eiital prasduced a drop
in reflect a%@até{’%éﬁ% ﬁré@genhﬁ‘le@%ﬁlin £Be®nce gﬁcﬁéﬁ:ﬁgdj%&mr@a Iﬂ&ﬁﬂ&t i géé]st?ﬁd drop

in reflectance and each adjacent” area produces at "l east ‘sone

ref | ect ance.soHgwkapan refigeiaacel Hpwewso ated 1 bewdat e ditaeminaiotot tochahave a

sufficient : f ause. it ul d not preduce a sufficient drop
in reflect %ﬁg%%f%ﬁ%ﬁggﬁ% 8%?’1:% SR oM %Igi%(’! rf)glfcegﬁuﬁgﬁt 42 Fet er mi ned to
have a suffireflemncanount, of sanple if it produces a-certain reflectance
value, e.0., is substantially the sane as a predeterpined reflectance val ue
such asﬁ‘)\ﬂﬁlhi n abbEtE e(“bbog't%ﬂfs’ P8t d%{el'ﬁ}l@iﬂié?g?‘fﬁ% ICIgEPEEE Shee val ue,
and neets anympRref it psuadsh ¥ cataln re@ctdnbevai0y - demeihdedy GeisiBs hdn 1.e., (1)
is an area that provi d%s the m ni mum refl| ectance val ue fromanongst all the
areas, (2) PBraoroed Sleefnce vplumeush our o 2hent Sitg akgut Hi%h ob2 pedtamedange of

the m ni mumtefctB6d AMGCandMAdetimy Bhe, (RallP LRI EES08vAiRRHEA cfithh §Ct arjce that
is as great or greater than a certain drop in reflectance and ai’l "adj acent

areas al so pf gurerthal Reeridssithe minimumy raldyiaseivalue épmestaatell thegmen, @) net hod s
par ticul arl _r&%és Shdetlcd %Luétgggﬁg@ﬁiﬁﬁe&ﬁ%ngﬁfttﬂfmhl@ﬁuﬁqgf%?tag ¢ the

testing are 0681 As descri | ove, once e areas of the testing
area are detvehuwi ordd) nroduepeedrap ingefdciaptaethet inmmngrent oofrestanthiren @artaimalrgp i . €., the

signal or r eJx ke%&t%%%n& 5.1?5‘&;&'3% age%g ) Sﬂ’oﬁuc%raecertain minimum drop in reflectance.

Such a method is partiﬂcularly 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 1s determined, using the signals fxoxﬁ 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 h;aving a sufficient amount of sample may be compared
to a standard curve or graph of anaiyte conceniration versus reflectance and the analyte
concentration in the sample of inteirest obtained therefrom (see for example U.S. Patent
Nos. 4,734,360; 4,900,666, 4,935,?;46; 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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determned to be sufficient or insufficient, the concentration of at |east

one analyte in the sanple is determned, using the signals fromonly those

areas having a sufficient amount of sanple, where the concentratian i &8 JUl 2006

related to the anount of light reflected fromthose areas having a

sufficient anmount of sanmple, as is known in the art. For exanple,

refl ectance values fromthe areas having a sufficient anpunt of sanple may

be conpared to a standard curve or graph of analyte coné\%PFtalf“i bﬁ‘%@rsus

reflectance ag y opgentyrat o I,nt.er est

obt ai ned t her e??%gn@ ggié@ T%S‘rssgga@ﬁl (@3860%% B%g é‘%ﬁg%ﬁ7 Egjéf)bs%ess%o 666;

4, 935, 346; 5,@519113@41,131’651 @@ﬁp%@ﬁdhﬁreﬁ@&cﬁ?& 5,418, 142; 5 426, 032;

5,515, 170. 526, 3,042: 5,620,863; 5,75 573,452;. LFS-194 23

18 JuL g?i’égl At ylaB%PO"el\‘gs‘ff%F%éﬂﬁdf%m%”%ﬁﬁ%@/4“ ﬁét%’ “%%%an}fswéﬁ%m%’él

5, 846, 486; 5, gxﬁ&c&?’wﬁhﬁﬂ%e&ol&ﬂm@ﬁ&oc&lh@oﬂér&@i}mwﬁsex%ple‘éﬂiﬂ Bl 28 @aperein

i ncor por at ed ref erence 00691 The above descri bed refl ectance val ues

may be obt ai n@ n@l%‘iﬂﬁ’“bﬁ?%?@ﬁ@@ﬁ?@ﬁ?””& otocol, where the follow ng protocol

i's offereghhy way IQfma%%f@H%c@m%ﬂQoftﬁe b ROmYRAYds, bk 9&9&6} otftﬂe'%tgmm?a cope of

t he |nvent|on 10070 n man nmbodi ments of the subject metho

det ect or of tﬁ@l@mﬂééfﬂbrca@?fﬁfa@ Eaplsdfvtmpeﬂ}'dmwﬂ@ate@lﬂmF@W@dﬂveﬁach det ect or

may be cali br o gcol for

calibrating e@%ﬁ,@gu{?\ ct Stfcﬂ)ﬁr(g&e)%\elﬁog %Itragfl,n"ea%h&%? { gtd%?e%e&ﬂ e%hh Qetgctt

"background" &ditarad “b@ﬂg)qunmlgdal { Rb)pemitlofsmjedomﬁ(be@reaa ﬁeﬂstnpst rmsqmedmto nserted

into the net orelnsertln ﬁ tri. thhetl of testing
unero xgq t

or at the p0|ﬁFm§Fﬂge|’1gefrJPﬁ§b§%‘flﬁWg()afteft E fh§ |Pt°m|t &' perforned

before a testmsdufiduurt 6f 1a6 SOk atp@eHINs tihis pEﬂfﬂ@m&Eb&bge a@aﬁemﬁbs dsSociassiged for
each detector, each detf{gt or detects a "dry" signa }/) Lusually, this is
done with an HRFEEEIUNE Re SMEBFHPHIor Fed detEsor it dF"r‘TétD it % @ebre  an

application ofr,SauRhAy!BREEIRe Wil QX bAretNELrefAGH HBHACHR thd'ASteR B8 before
calibrated, sanple is applied to the test strip and the area is illum nated

with light, uaRPlisptigR PHsaPEHEST®P- one or nore wavel engths. In many
embodi e e 1] | Sanplcck SacRRBcE B B NG G AR, ﬁ%;;:kh@ b iothdtRd s gg.!aa the

illum nates and is detected from anot her e matrix referred to as
t he nmeasur enerta igiliumisatedigitalighy vetallytwith ighse! ane i poregvayelengthe Iisingy opposite

For 1 oct ance | S ey e o T R R R Ol 1
appl i ed to andesced fom tiothet 8¢t ofdhe muprikasteme! tonethe megmr@ueslt ortadting lamlrg i ng
the test strip, €.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 is 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:
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components. In other words, the conponents of the signal producing system
react to give a light absorbing reaction product. 100721 The raw data

descri bed above are used to cal cul ate paranmeters proportional to gJucbgdUszﬁ
concentration (see for exanple U. S. Patent Nos. 5,059, 394 and 5, 304, 468). A

| ogarithm c transformation of reflectance anal ogous to the relationship
between absorbance and anal yte concentration observed in trans n
spectroscopy can be used if desired. A S|an|f|cat|on of % gtﬁghgﬁﬁ% Monk

refl ect aqg@gﬁquatl ons, @g. J(gop@@ /ot he fqyis of particular interest.
General ly, ar anet er 1S used ere B( is related to absorbance and

Sis reldf®dito scé@ctoeililgi.‘g Rtfinfhe poflscidéy itakat atﬁparwusr tisett étsatied Hyo anal'yt e

concentration guat as, fall LFS 94 24 1 8
JUL 2006 Att yﬂq%q?gmdgﬁ%ﬁﬁ‘ék%f&%d%f gK7R§’ o R3( e C?WSP?“%% o Bquation I)
[0074] Accor dsemghc;s 3Rtecirsls tde Thaeflsl. eathideictiyr prakians za:teﬂactipaj? bt ﬁuLEktazralute e t

descri bed by uatl OBO g @g i,s the refl ect ance, or Rao,
etc., correspSHHTYE & B8 E“B?Fd?d I SERERRARC g Eea Oﬁ'ﬁ’éttesfﬁmp é’&?ﬂ% det ect or

provi des a re%eetﬂtwaﬁaé i@k Bfor IS reﬂ@étélﬁh% at,) t&pfo&@ﬁﬂ%ﬁé'étequﬁthﬁ S)I gnal
measured froma corres ondln area of the test strip matrix,

varies f 84S0 for WCJ‘? tRght (ERsyiord) | for total reflected Ilght
(Rory). r{@&% ] R {s%’greﬂd%mléede%é eﬁfrorrgat}%aréa Fgguiz) [0076] Rwis the

reflecta et ect ed froman area ect 7) Accordingly, K/'Sis
derived fi##77kach dae‘toedhlcgiy,éfpi&llsci@rw@sfpmadh dgetamreadotﬁnash@dingeasaaidﬁ@ear ea
detected by a

res t Iat d Lo
concentrati ontestm a?é:a de e%te&'%%?{? W%eée Val ue [ sSEFe FeRE dteﬁé?ceﬁmcglm‘y t hose
si gnal s from dé@éh&et ovesall BiShiabictid dwgaraueenmag dnlmﬁsa/agme fromldeedirng an area
havi ng sufficient. t or. sa where the overall K/'S
value is rel aF’&ng%g E{T%éta?gﬂggaf? mdicap fay’f% S%ﬁmrt‘tﬁémg'ﬁﬁﬁ]f“%“ &bplied to
the test stripmdOR¢8he, Wnerestdyvefill msw}eglfsreﬂae@ td #6 botdentratibn 684mkRHteNn
enbodi ments, the determnation of the size of the sanple applied to the

matrix of a tB&emRlf pRplied tadhe teplsin ot al sanpl e volune applied to the test

strip. |nodAis WayTheBubis@meiRts NS MOhbd, Iuesbre{n e?rlb%ﬂﬁrﬁgtsttﬂélﬁet&%ﬁdn@h gt
sanpl e has been applied or insufficient sanmple has been applied and nore

sampl e is retaisizedl theammleanpiiodtojthe matris f Fralcbtiy i eoﬁhrp trtal segmelpEclamaber  of
detectors t haE d:\%@d RGhe tegt%tr efnttgiq VJang;'&sexf ﬁl%&aﬁo‘%@i\%d greﬂ&femtﬁh‘?glfhaeﬂave a

sufficient a sarrp wher e
sample has been apphed or msufﬁcxent 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) io be
determnined, etc., however usually sample amounts less than about 5 pl and offentimes
less than about 3 pl are sufficient, where sample amounts of about 2 pul or less, in many
embodiments about 0.5 p! may be sufficient in certain embodiments.

10679] The subject methods also include calibrating other components, features or
agpects of the meter, such as caliljarating 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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vol ume of sanple accommodated by each area is known such that the total
'volune of sanple applied to the test strip is determ ned by conputing tihejns
nunber of areas having a sufficient amount of sanple and the vol une of
sanple retained in each area . Sufficiency of sanple size may vary
according to the particul ar ;anal yte concentration(s) to be determ ned,

etc., however usually sanple amounts |ess than about 5 | and of {eat.nes
| ess than about 3 sl are sufficient, where sanple anounts of about 5 41 or

| ess, in manyayenhmd, ﬂﬁmb}senaila@w.s.(ap%ichtimlﬂﬁe@mév&&k et MitRo&ebt Rhdlyte

enbodi nents. [0079]. The subject nethods also include calibrating other
component s, FRHEHFEYDGetegigpy o Bystyr gad wistlese, llsden May led¥0420iat i ng t he at

| east one i ghtjoR0ULEFhich BR HERIEBGLRFo-REE BY refertd}, 1 MRGI NG Optics, etc. (see
for exanple copending U S. application entitled "Devices and Methods for
Anal yte Concentration Determ nation" to Eyster and Wallace, filed on LFS-194
25 1 8 JUL 2006 DkL No. LIFE-075 May 1, 2002, and copending U.S.
application entit "Devi ces and Methods for Analyte Concentration

Det er m f@EBDpN" t Fiknliytlats fandacdaink aeenbjtitinethodn adviyovided 20025ubjetiaits di scl osur es
of which are,  herein incorporated reference. KITS [0080] Finally, kits
for practiciﬁﬁmF%@1gﬁﬂ?@ég”ﬂ%*ﬁﬁagééP@e%ﬁ%@?ﬁﬁﬁ?aThﬁmkﬁHﬁé%@r%??éﬁ%nclude an
appar at us ac&®fedi 8 a9 alsbencildBofES: thdt¥ &t du@dk, udualy a pRrafiibirest stepl i cal neter.
The subject kits may also include one or nore .test strips, usually a

plurality of suckat e fipp p5iest sgipcisscaibed thove y e ybicpiddls mey farheslefs ed above.

The subj ect ki fathed k; ) f NG
physi ol ogi ca%lbrglg]r;p@??.k) ag]orgt%(hgﬁgflég%ﬂ%ﬁg?lg It%ﬁg p ;g’i‘%lref)egpig‘lf}@io@ﬁ%ll e i s blood,

‘the subj ect emtpse imhipod,ulre Sbiect ks gy &rthar iaFledem elément fohiaming Hodsl ood
sanpl e, such jeki f] r - t] means, and
the like. |n@ﬂgﬁﬁﬁ%ﬁgﬁsm%ﬁgbgﬁﬁfég?g?‘?ééﬁgﬁ”F%%F% e8§$%%%??gkggglution or
st andar d, e. gidjtioa, themtbjent kitssudylitdlals atdeatrollalstion dretaniard gy @ngolncent rat i on
such as a knqﬁg.glugﬁse concen rationT .The Eits n%y ﬁurther incgude

i nstructi ons®FHIPEHE A HREVABEAA I TS BHOHECE AT NG 8@ SPETERME and/ or
concent r at i oThalfitsataylf@@rt inohee agalcyibe fhimsthgahy sipatlaagifeadetesaitgigehappl i ed to

a test strip. The instructions be printed. on a substrate, such as paper
o ol asti o e oG HRCNBHEn T RSP CRT BHRY i B B BSEanT SHECK £ a0 a

package i nsej tegt stetp. UG idsab@ich@laPhe pridd®l GQNBitAGS, sh at pekortplBtic,eamponent s

thereof (i.e., associated with the packagi ng or sub- ,packa&:ﬂngﬂ) .etc, In
ot her enbodi fxFicE; the REMCHTSIRY R PR b thh KBS v Pagleaes insettdp fiiedrieting of

the container of the kit or components thereof (i.e., associated with the packaging or sub-
packaging) ete. 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] . 1t 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 sirip testing area and/or the
testing area of the test strip is not evenly or uniformly 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 determmations usiﬁg srmall
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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storage data file present on a suitable conputer readabl e storage nmedi um
e.g., CO ROM diskette, etc. [0081] It is evident fromthe above JUL 2006
description and discussion that the above described . invention providgg '
devi ces and net hods for accurate anal yte concentration determnation in the
cases where small sanple volunmes are applied to a test strip testing area
and/or the testing area of .the test strip is not evenly,QrpURiforyy wetted
by sanple. The above described invention provides a nunbéer of advantages,

i ncl udi ngogiut notrhd kibidceRvémion 8886wn A USQibePEERBE lvhitYs cRBde 88 fLlat €

anal yte concentration determ nations using small amounts of sanple, thereby
reduci ng t he B3 ket PREBERLGR] AT FRbIERGEE. L 15Teq0gnized hayiewr thidhe  subj ect
invention re , i oL £ L QL r S; 26 1 8
JUL 2006 A £y e g, e T S Sl B s PR B D A
descri bed herobivious modifiegtionswidionsirde peakskilsd bethe ehiaperosedipg @etdishsyreand

pr et ef{ efoRIDOdT Ml 5okt LA SROUNE AR dIUEN Ly 3 - BEPRLLMLER, Y De

made t he m are w Avent ron, and” that

obvi ous nodi froesktriomne. Mddificateidhd: Corgn@icsikithd ieehning atdh eangé bf ddpebletiteafli ng thi s
di scl osure. [0053] The specific devices an hods di scl osed are consi dered
to be il ust 8t FRAOSEAEPICHRY StaLe ﬂw&ff' @;@vouwgﬁmyc%wcs%eﬂ%%féseb within the
neani ng and raRae: At aR0HieN e NbSinSlided Wighiding Gt s 8dine epeaBddSlaigtiCh as those
that would readily occur to one skilled in the relevant art, are intended
to be included within the scope of the appended clains. LFS-194 27 1 8 JUL
2006 Cainms: 1. An apparatus configured-for receiving a test strip and for
determ ning the concentration of at |east one analyte in a physi ol ogi cal
sanple applied to the test strip, said apparatus conprising: (a) at |east
one light source for irradiating a plurality of different areas of said test
strip that has been operatively associated with said apparatus; (b) a
detector array for detecting reflected light fromeach of said plurality of
different areas, respectively; (c) neans for determ ning whet her each of
said plurality of different areas has a sufficient anount of sanple based
on said detected reflected light from each :
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respective area; and (d) neans for determining the concentration of at | east
one anal yte based on said reflected |ight detected fromthose areast§ Jyi 2006
determ ned to have a sufficient amount of sanple, wherein areas determ ned
not to have a sufficient anobunt of sanple are not wused in said analyte
concentration determ nation. 2. The apparatus according to claim1l, wherein
said |lightCldsiggy ce is capable of emtting light of at |east two different
wavel engths. 3. The apparatus according to clains 1 or 2, wherein from about
4 to 1,000 detectors conprise said detector array. 4. The apparatus

accordi ng;to chai I , . re conprise
sai d det e%:'tor éﬁﬁgﬁ”}‘g%‘?ﬁﬁ app%?g%ﬁ%tgr &?f(?n‘ga‘?“gf@ﬁ%ﬁ%@m%[g[%gz further
conpri si nepricemtgition of pt legss oné analytetgh physiclbgiesitsashple fpplied toothie et strip) ural ity

of areas onto respective, detectors of said detector array. 6. The apparatus
accor di ngS¥baRRFATEY COMPIISIAE 1 to 5, further conprising at |east one test

strip. 2g,,18J it 1B for 1 1 s i of at
| east one(fdinfel:%rlt'fi ‘g&'??lgeah@ Bhys!g 551:} é%?ﬁ{sgg%@lg}g%ﬁlg%&@ g&:ggk% (Seigs:alés)ttgsrti p, said
met hod costrip itisat hag beea opedativety asdociag:dawvifi suidhpgayated; di fferent areas of said

test strip_havi physi ol ogi.cal , sappl e, appl.ied thereto; (b) ohtaining a
respectiv )ref?a%?céﬂwayé‘%@e@t@&r@ﬁ%‘ﬁdié’ém eash @f paid phirality obt i f f er ent

areas; (clilal, %gg%&éﬁ&@gﬂ%er each area of said plurality of different

areas has a sﬁ nt of sanpl e based on said obtained respective
refl ectan@e vaieais fof dbterdeningiwlgtheh eacharfeedtplatlityrofaiffarantcireds Haeast one

anal yte in _said physiologica anple fromeach of  said plurality of
differ ents"gﬁ%‘ﬁgt M@Fﬂ%ﬁgﬂﬁ? JBaSﬁa\‘?B S%Eaéiﬁ'fef’ﬁeéir%iﬂ‘:tedé%&#f’mo acéanpl e, wherein
areas det gerd ped Retanio have a sufficient ampunt of sanple are not used in

said derivation. 8. The nmethod according to claim?7, wherein said nmethod
conpr i ses(@npl mgansdor deterapping dhaisonacdation of at leashoye adalyte basesl ob sanl 6.

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 1,000

detectors comprise said detector array.

4. The apparatus according 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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9. Akit for determining the concentration of an analyte in a physi ol ogi cal

sanple, said kit conprising:

(a) an apparatus according to any of clhBmUl 7608

6; and (b) at least one test strip. 10. A kit for determ ning the
concentration of an analyte in a physiological sanple, said kit conprising:
(a) an apparatus according to any of claiml to 6, and (b) at |east one of

an el ement, fora ehiiRdd o deteRRRI RO EorceRk4tRIn oTat 18hitQRe addiyte in a
physiological sample applied to a test strip, said method comprising:

(a)  illuminating a plurality of different areas of said test strip having physiological -

sample applied thereto;

(b)  obtaining a respective reflectance value from each area of said plurality of

different areas;

(c)  determining whether each area of said plurality of different areas has a

sufficient amount of sample based on said obtained respective 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 6.

9. A kit for determining the concentration of an analyte in a physiological

sample, said kit comprising:

(a) an apparatus according to any of claim 1 to 6; and

(b)  at least one test strip.

10. A kit for determining the concentration of an analyte in a physiological

sample, said kit comprising:

(a) an apparatus according to any of claim 1 to 6; and

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