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| NTRODUCTI ON  Field of the Invention The field of this invention is anal yte

determ nati on articularly:electrochem cal analyte det ) ?dz&k@ and nore
{5F|-§° géniai@ es.

parti cul aM@p el ectrocheni cal determination of bl ood 10

Background Anal yte detection in physiological fluids, e.g. blood or bl ood
derived product ELECTROACHEMICAIMETIORY AND DEVICES EQR USEEN THEoCi et y.

Anal yte detectio mf' j ' Rﬁ%(ﬁ%i b , including
clini cal Iaborath))ry tes |F‘1\396Ht)6rr€ es F?gfmgi%{o ere el'rlgfglts of such
testing play a proninent role i nCONCENERATEONSanagenent in a variety of

di sease 15 conditions. Analytes of interest include glucose for diabetes
managenent, chol esterol, and the like. In response to this grow ng

| nportafce of anal yte detection, dNIRODIIGTION anal yte detection protocols
and devi ces. e bat h clinical and hone use have been devel oped. One type of
met hod thag—{-ré@%@ﬁ"e = Bfor anal yte detection is an el ectrochem cal

met hod. In sucm'l:iaaﬁe!ﬂ)ﬁﬁtﬁismexﬁﬁmml llﬂeicﬁmhﬁnamﬁpbmidmlﬂpleﬁcmdhéﬂ“&ﬂ a reaction
zone in an 0 ectraochenj cal ce oppr.i Sing t. el ectrodes, i.e. a

ref erence é‘?f’@"?/\g‘?tmng’l‘ Y8 gamg\ﬂgfyéﬂ%)ﬂgct@r:gw% determingtion 8&1‘?% edance

whi ch rendgiagytéshem sui tabl e for anperonmetric measurenent. The conponent to
be anal yzed i s allowed to react directly with an electrode, or directly or
i ndi red?| ygéﬁl‘{g"-ﬂ‘—‘égredox reagent to form an oxidi sable (or reducible) .
substance in agnAPURkctDA ﬁ@ﬁ@l@%bﬂﬁuﬁﬁ?, elg) 81068 BEBIBSA ddrivedprRfudtd) i gFONPONent
to be analyzed, i.e. 25 analyte. The quantity of the oxi disable (or

reduci bl e) E¥f BSTeaHREIMPORARGE {0 today’ hiagiets tAnglytedetecHprassays advsedmt variend
related.to . n - abal: P 0l tkal re the
physi ol ogi gfa slécglrrp é%@?ﬁ‘%egg%gggﬁﬁtﬁéﬁ%g?& o%xi%?gégﬂ%re't% der v%fefl\l/lééwb? her eof ,

t he hemat osich testitg plaea promineat rolerin diagnosis eud management i 3 varigtylof diseass i n t he
ulti mte a at g&cag : r _
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at t enuat i ng t heOned type cfimethkod thatésentpicyed farradalyte detectipnasiad eldctrociemizal or . .

method. In such methods, an aqueous liquid sample is placed into a reaction zone in an

20 electrochemical cell comprising two electrodes, i.e. a reference and working electrode,
where the electrodes have an impedance which renders them suitable for amperometric
measurement. The component to be analyzed is al_lowed to react directly with an electrode,
or directly or indirectly with a redox reagent to form an oxidisable (or reducible) substance
in an amount corresponding to the concentration of the component to be analyzed, i.e.

25  analyte. The quantity of the oxidisable (or reducible) substance present is then estimated
electrochemically and related to the amount of analytg present in the initial sample.

Where the phyéiolbgical s’éxh@le being _ém'sayéd is whole blood or a derivative th_éreof,- g |
the hematocrit of the sample can be a source of analytical error in the ultimate analyte
concentration measurement. For example, in electrochemical measurement protocols where

30 the analyte concentration is derived from observed time-current transients, hematocrit can
slow the equilibration chemistry in the electrochemical cell and/or slow the enzyme kinetics
by increasing the sample viscosity in the cell, thereby attenuating the time current résponse

and causing analytical error.



1 WD 01/57510 PCT/USQ /02465 As such, there is great interest in the
devel opnent of nethods of .at least mnimzing the hematocrit originated
analytical error. In certain protocols, blood filtering nenbranes are
enpl oyed WO ueAsve red bl ood cell's and thereby nininze tHEPROMIHMET, it
effect. These particular protocols are unsatisfactory in that increased
sanpl e vol unes Assuchetherensgredtrimerestiimths deelppmentcof n@thvds ofatdeastoroingnitiog us on
t he determnati s | il Ll wJlhese protocol s add
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97/ 18465. 15 SUMVARY OF THE | NVENTI ON Met hqds, and devices for determ ning
t he concenthishialsa resultsin mose complex and gxpegsive step 8 sanple are provided. In

the subj ect et g, e inbuneh@liafiEein 8 Hehdidaon dfch GBS hrnt 0 an
In an

el ectrochenical cell having a work reference electrode. A first 20

! g. ! ot
el ectril® pesleetrachemically mgapiringdhe eoneantratian of ap aeplyte i & physiplogisal samaple, current
over a i T SlheRhd A8nS] misiies the B b0 WA aM At hdrbhodt BRmg U T ent
transient. second el ectric potential of oppoSite polarity 1s then
applied tosahgle.cell and a second time-current transient is determned. The
prelim nar Y 0N Lk don of the analyte (C0)is then calculated fromthe
first and/ 0 me-current transients. This prelimnary anal yte
concentration, Paewy dacimenkspfauerest dEludeal 3,242,102 and WO 4718465 i ed by a
henmat oclrsit correction factor to obtain the analyte concentration in the
sanpl e, "where the hematocrit correction factor is a function of the
prelimnary analyte concentS8 N 2 current values (y)
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20  electric potential is applied to the cell and the resultant cell current over a first period of time

is measured to determine a first time-current transient. A second electric potential of
opposite polarity is then applied to the cell and a second time-current transient is determined.
The preliminary concentration of the analyte (C,)is then calculated from the first and/or
second time-current transients. This preliminary analyte concentration, less a background

25  value, is then multiplied by a hematocrit correction factor to obtain the analyte concentration
in the sample, where the hematocrit correction factor is a function of the preliminary analyte
concentration and the ratio of 2 current values (y) within the time-current transient of the
electrochemical cell. The subject methods and devices are suited for use in the determination
of a wide variety of analytes in a wide variety of samples, and are particularly suited for the

30  determination of analytes in whole blood or derivatives thereof, where an analyte of

particular interest is glucose.



2 WD 01/57510 PCT/ US01/ 02465 BRI EF DESCRI PTION OF THE FI GURES Fig. |
provi des a three-di nensional graph of C, y and oc(Co, y) derived from
experinmental data using a wi de range of glucose“and hematocrit values. 5
DESCRI PTI ONo@is78tE SPECI FI C EMBODI MENTS  Met hods and devi BEHU$E3{02465
determ ning the concentration of an analyte in a physiological sanple are
provided. In the subject nB RESCRIPTHINY OFcIHh IR npl e is introduced
into an el ectroghem cal, cel.l havin wor ki-pg .an farenc | ectrode. A
first electri c%1§0[n g'fﬁvfdg’fahgeeé Frfsg’ﬂgl%ap?‘ Etglaf'éj%{%” ﬁﬁ%mr'e?sffﬂq ant cel |
current ovekpetinfehtabdatdssirigiwidé ranperof ghitosesandherpato@il vhlaesdet ermi ne a first
time-current transient. A second electric potential of opposite polarity
is then applied to the cell and a second a tinme-current transient is
determ ged. The preli nmggg%mpmmmdemeMsi s then cal cul at ed
fromthe first _and/or second tinme-current transient. This prelimnary
anal yte concent Mﬂhoéﬁ?ndI%@%fbf%mﬁﬁcWMqu ap fM&iplied by a
hemat ocri t gﬁﬁf({l(ﬂg@éa}] ﬁ%gie?s&é Brovided. Mt istbjdch MeRBady, tHe Physiol e itipledk | ON i n the
re the he

sanpl e, whe . tocrit correction factor is a function of the
pr el i mi nar ynteodugestingo en pleetrchesical Gelliinying A &vopipg arefespnesrelaciades Adist ocheni cal
cell. The SO benilF s B2 thedl iiific Rbitaititl EtrehPbvel sk Perlodf time

determ nation of a variety of analytes in a wde variety of sanples,
and ar e0paismeasirad todetanining @ firsy timgarren transient| & weondrelactrispoimtial 98| ytes i n

whol e bl °°%ﬁsitgﬁ&ﬁ‘?ﬁ}ﬁ‘sﬁéﬁﬂtg% cewﬁgg@dqmgmumgﬁtiiﬁul ar inter est‘

I's glucose scribing ject invention, the subject
met hods wi Idetetnginadie The prickiinriy cencefitpdtion nkthe atjyteis thep calonlaed fomdhe fisstent at i ve

device for use in practici t h ' Ny ubj ect '
i nvention % ﬁres§ﬁqnﬁﬁlg§'ﬁuﬁrf{&ﬁrea??lg}tﬁ$%&§l gm'@ %‘?%Jtﬁg%’g{aﬁ%%% g?%e i nvention

i s not | i mbackgrduad vdhee, pahdén multiplied byrb bethateait sorodctiomfactiontossitdimtie daadye i bed

bel ow, as 25 var.iations of the ridicul [ : . de and
otill {51 coReHrHon H‘e‘ggﬁ%’ e, gfherepe haeg%*éﬁ%&aﬁ%%ﬁﬁ%?&?fa HRecAor e 0

under st Iood p{:dnaﬁngfyr@aly@rcahdtgirﬁw aﬁﬂﬂk@mﬁxﬂéei yﬁ:ftﬂellja:h?c}pmicpb@& Thnfsuhjeas(@:I cri Ei ng
particul ar enbaqdi nents, and.is.not .intended to Lmti.ng. .l nstea t he
scope of tﬁ?‘%ﬂ%@rﬁg"‘f’?ﬁﬁéﬁq‘tﬁ fon g mg?? %mg#wgwﬁaw{}‘w%%ﬁw%wh ai ns.
30 In this “ﬁd&ﬁﬁét?r%ﬂi‘,ah@!bs,%ﬂ atdYartkplagysiivdd fdr asein thesletepmination’ offanaiytes es
include the plural, unless the context clearly dictates otherw se. Unless

defined ot Hewhgleklood,en deriyatiyes thepeofs waere an ¢ 9fiparticwlardnterestiy 819E0sE I have the

sanme megni %ﬁﬁd&&[ﬁﬂg&hysﬂﬁéﬁh&ﬁ&g theGubjEdt niethodOwilliba@eseribéd firkt follovidde art t o
whi ch this 1nvention belongs. 3. ) .. .
by a review of a representative device for use in practicing the subject methods.

Before the subject invention is described further, it is to be understood that the
invention is not limited to the particular embodiments of the invention described below, as
25  variations of the particular embodiments may be made and still fall within the scope of the
appended claims. It is also to be understood that the terminology employed is for the purpose
of describing particular embodiments, and is not intended to be limiting. Instead, the scope

of the present invention will be established by the appended claims.

30 In this specification and the appended claims, singular references include the plural,
unless the context clearly dictates otherwise. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood to one of

ordinary skill in the art to which this invention belongs.
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WO 01/57510 PCT/ USO01/ 02465 METHODS As sunmari zed above, the subject

i nvention provides a nethod for deternmining a hematocrit corrected anal yte
concentration value in a physiological sanple. By hematocrit 5 corrected
anal yte cIMR&H¥™Hx i on is neant that the anal yze concent r aPEHHSCIAR46E

determ ned using the subject nmethods has been nodul ated or changed to
renove substantially all contribution of hematocrit to the value. In other
wor ds, theﬁ%gﬁﬁgtratlon value that is determ ned using the subject

met hods has nodi fied so that any contribution to the value fromthe
hemat ocrit of t s semmpliedkbod, bhesdbﬁbcbﬁv@maﬁgf&ndeﬂahﬁ&od’?&r'&@teﬁhihnégr the to

practicing,of the subject thods is repoved. such, the hematocrit
signal is &8‘865‘?9‘&‘:8?8!5 g‘l“?&?ﬁ GoReenyAlY edp QH%XS“’?%“’FWB pBykematgeribods, and

only the araiydted @h@t’ﬁlon&%trﬁf&ﬁ't@iﬁ@ﬁt ﬂﬁt th8lahdiyté E&lc@ﬁtrz&lbﬁv{h% erlifpigg L OCr i t
corrected anal Y}&e conce at| n. The first step in the subject nethods is

to introdul@§ lf‘él?i?‘itl"&?t s hagbesnyadulatesiarchan Se% m\'@wbstm@ﬂyedt into an

el ect r ochegbmabutioflof héh@bcrit BSihe JRSe. waﬁnexdw ﬁrtfxe 9? 3@ tief erence
el ectrodes and a redox reagent system The p og| cal sanple may vary,

but in nadte Eﬁ‘ﬂ%ﬂis%ﬁbessubﬁctg@ﬁ@dﬁ has,begm aodifipd sothatany gordeitnitiontd the or
fraction tRELEREm d{!]?éfratd@%l%fq %ﬁ%&tz’r&ﬁsda%gfrgeﬁt% fle \)a@%. §%t§(53r tp' n mny

enbodi nents. The anpun ogi c fat is
i nt r odU@ed Pragticing tbféhﬁr%&@mmﬂh‘alswembwtdhés suchi the hemmomilsngnﬂ is decénvglredr al | y

o Prtrouucey Ob e RLd henpBiRals 3 Sh U altc e e o)

wher e t he sm’vp%@tﬂa)ﬁndélemaqoautcedetztedmalyt&nmcmaﬁamn area, allowed to WI ck

into the reacti dthe | i conven ile t
subj ect met hodsﬂr;rga@}gtbgepdge subij’reprfB %H‘%Y% tl%ﬁ’g‘ﬂ?)?hyép chem cal
cel | havi ngmpiecfioterestidnto anelektrovheraioal celbfhar intladesspRed apaetasormgaﬂd redox

r eagent . sy 0. iments the s ods .enpl oy

el ectr oltszhe?ﬁtfgct e{eécttro a'é‘fbﬁeg“ i S ‘éﬁ%@w*&@cgémls ey ﬁ%’yaetf%l'byed in
t hese enbodempetisdientsiegaefajlewhole blood b £ Berivative drEtioHh&tofl WRer@ MBORT NY
netal el ec es S%Barat ed by a thi gﬁ;’licer J&yer where these conponents

define a régg {5 5f Pefpigtlar jpterssy; i, many erphodiments. T %{?‘E’&t%fﬂh&ﬁ@%‘??é&@@\% system

I'n certai negrilost, tanissntiduidd@R6 tif refutib &RE 6F tha kest 8P varlel, BPgenkiifly WOT Ki Ng
and reference el ectrodes are general ly configured in the form of el ongated

r ect angul aFngesf9gsabous 1 18} kinlysyally fooan abenigd-f tarl-6 theThe Sé@kémgomwes from
about 399 fnf) the Peaktitn ét'éﬂﬁinhﬁn}f &91%@@19 H;Ot%p whereth&s I :%ﬂ}% 9% the

el ectrodes ranges from about cm usua 0 51 to
0.67 cm THe reastir ases; allasyed o rwm!ce@mttwuewonyrem thie likiej aslumay be convenjemtg f r om
about 10 to 100Wﬂi§9 tﬂ@gﬁ}&%&hydsfrﬁ&rge%péﬂqn p]anclE)f% %Qh Qnryty;Le ofC ertain

enbodi nents, the |
electrochemical cell having spaced apart working and reference electrodes and a redox

reagent system, in many embodiments the subject methods employ an electrochemical test

25 strip. The electrochemical test strips employed in these embodiments of the subject invention
are made up of two opposing metal electrodes separated by a thin spacer layer, where these
components define a reaction area or zone in which is located a redox reagent system.

In certain embodiments of these electrochemical test strips, the working and
reference electrodes are generally configured in the form of elongated rectangular Strips.

30  Typically, the length of the electrodes ranges from about 1.9 to 4.5 cm, usually from about
2.0 to 2.8 cm. The width of the electrodes ranges from about 0.38 to 0.76 cm, usually from
about 0.51 to 0.67 cm. The reference electrodes typically have a thickness ranging from
about 10 to 100 nm and usually from about 10 to 20 nm. In certain embodiments, the length

4



4 WD 01/57510 PCTI USO01/ 02465 of one of the electrodes is shorter than the
| ength of the other electrode, typically about' 0.32 cm The shorter

el ectrode may be the working or reference el ectrode. The working and
reference ¥@BV¥78¥es are further characterized in that at RCTAS01/H2465
surface of the electrodes that faces the reaction area in the stripis a

met al , wher ef amt afltise edctrobesiin Shartelsﬁ)an the length opthl bttt ¢186troge) tehically aicubtnR
oxi, de, stalnle eel and the like. In

S|Iver iridiu arbon ti
many embodi ﬁ’é‘nﬁé, %pﬁgr %FS& EO‘F%IWB‘?I‘“%&’F%?TF%E qtee in principle the
entire el ect rOdeTliBi\yoﬂkﬁlgmﬁdiﬁefﬁéncE lectrodfesare figthéichafactelifedoh Bt 4t WARKShS S

generally Il nert_support .mater] on the surface of which is
present a t FH"F‘T”? g@/’@? elgetrqd!ﬁ%t I%!%(,r EAFHOMER mg#e staipis ajmetal wheee metals ofies e

Mor e COMBDN intdFixd tcliae balladiuihe g b1l pldtiRes Ssilodr, Filitm| 86dn, déhel %A loki i al
typically ranges fcr ?‘;aaout %1 tpcr)d‘356 ll,lmr lusumf r%%eabout %05{2%%'&153 m

whi | e the t fieeliapdts like. Ip many,embadimentsethe megsd is gp wrpdhg@m Whilerinsineiple10 t o
100 nm and t&%ﬂﬁk'ekcﬁé&%@%%a&%ﬂx@ﬂ@ﬁ@h o?t&eleetr Estg%ﬁ&ﬂgfmédghg of VeI

Any convenient inert backing naterial Im t
el ect r odes, annert suppopinatarial on qheswﬁrpeeﬂvamch 1sprasqnt gthcn lampéthc gietal hat i s

bl e of f th
15 ol ect ?ocﬁ“eﬂﬁ%ﬁé’%‘%?*e‘%ie‘%ﬁ%ﬁ’a@%“&ﬁ°  ibofinfs, B8 fidkihs of e Il "
errlpl _oy_ego asbac}qiag lu'acﬂnahgpmdlubaigﬂl sfrem about &H’leo 3(55@&1, usua]ly ﬁrmg ab&RETO2 RETGd ) .
I mae, cal popat.e SII rac andg the
ke AT eal A SFE T8 iR of Bielhbh Gverigitely Pnapep dhp 1S ioriD0 et
enbodi ment sushtl alfi:tﬁn bt €Cto 407 Qe sputetel adetal ta?ervmﬁﬂdiﬂexﬂéi;dméﬁbsaﬁgc
ated by only’

el ectrodes as scri bed above face each other and. 20 are se

a short di sPafEa maybe gmplqyad ip the spbret slacterdgs pxferetyrisally thematesigl is Agigides er ence

el ectrode l:ﬂatkm tHa@Eféh;deIé of@ﬂﬁ:dih’g s&ﬁ&ﬁra%upb&]@to&h@@l&dt%@ﬁﬁﬂ ﬁ?thmt,ﬁﬁt stripis
extrenel mall . This m ni nal lg)ﬁ)amn he wor ki nd ref erence

el ect r odfes @W’Pﬁ‘&“&%}"é’féﬁ“& g whole. Spita lel'%afﬁlalsébﬂj may BF emnleyqéraég@rheeh@s a

thi n spacerggbaded inflodd él_lésﬁékeg gOPETE PEA, p6) NRQFbohil8, piBsivhend sifadn,
reference el ectrodes. The thickness of this spacer | ayer géneral |y shoul d
be | ess 25°eramif glass, apd, liky 500 m and usual Iy ranges from about 102 to

153 m The Spacq![fehﬁ}/@&ftﬁéelecﬁ%heﬁﬁbaﬁéstts&pﬁ’ﬁ&ﬂ'n@@neﬁ b itreRS o?fPAQ?T area
with at least an inlet port into the reaction zone, and _general

out | et por tmeshadsds thatithe warking;agd refeserce glectyades as deprsibedyzhoue falcewh Oﬂ&yaltdave a
circul agy r eﬁ@&ég%teﬁ%?%nlgwsh&’t biStasdeOgich fHafthe a;eﬂn&%tvs‘éen \aw&hﬁg afr ts, or

ot her configurations . square, triangular, rectangular rregul ar
shaped reaoﬁemcmlmde intthe remnsmlmla@g@ﬁ eleptyochemisal t¢sasmp tseextremély om any.
conveni ent o) lg PET, .
PETG polyi “ Hpo yca %m 8P{h§§%& t dn&gef%éﬁéew&eﬁ%ﬁ e sur gic{eggs\t 0 gt he '
spacer | ayesaresult of the presence of a thin spacer layer positioned or sandwiched between the

working and reference electrodes. The thickness of this spacer layer generally should be less
25  than or equal to 500 um, and usually ranges from about 102 to 153 pum. The spacer layer is
cut so as to provide a reaction zone or area with at least an inlet port into the reaction zone,
and generally an outlet port out of the reaction zone as well. The spacer layer may have a
circular reaction area cut with side inlet and outlet vents or ports, or other configurations,
e.g. square, triangular, rectangular, irregular shaped reaction areas, etc. The spacer layer may
30  be fabricated from any convenient material, where representative suitable materials include
PET, PETG, polyimide, polycarbonate, and the like, where the surfaces of the spacer layer

may be treated so as to be adhesive with respect to their respective electrodes and thereby



may be treated so as to be adhesive with respect to their respective

el ectrodes and thereby 5 WD 01/57510 PCTI US01/ 02465 nmintain the
structure of the electrochem cal test strip. O particular interest is the
use of a WMPAVFSIO0 doubl e-si ded adhesive strip as- 'the spacBET/P88I8R465The

el ectrochem cal test strips used in these enbodi nents of the subject

i nventi on niaintdinithe saucterecf ihereleznochemicalasse striph@f particuthe iritered idtHe hdaryor ki ng
el ectrode, ;the reference el ectrode and t he spacer |ayer, where these

el ement s aﬁé‘%bg%ﬁbf%%%%aaﬂgwe%é&%ﬁ&%‘ﬂ\ﬂeﬁ he working and reference

el ectrodes def i The éléverotinnicah bstubigisaiedih thebeenittdivhdnty bf esabjedihvestidn©

spacer |ayer,defines the walls of t reaction area. The volunme of the
reaction a?"@’é’g?ﬁre&["t‘?”ezggf or afp,that ‘E).d%%ﬁd bh'i‘ﬁ&q@“%ﬁleqt@ég’tth%{?&a@ci L and nore

usual | ysat elegasife aa@metsgéceélayerW@thbée_eexeméﬂdslﬂf&&ie@@ibe@@oo@& %ﬁ_&iﬁé‘a[ug,g;héo L or
| arger. As ntioned, above, the reaction area generally 10 Inc es at

| east an i MP n%?é‘ﬁtr?feréﬁﬁf sleriradanylelinarbeiionapd bottam of the teagtiracareswhilathet port .
The cross _s;?a;@éi'tl&yféf‘&%ﬁn@{ fa walls éfike feg@tt%ﬁ aﬁg.]gl;&%luﬁ{e IF el reacBy ardd st F§st| ong as

it is sufficiently large to provide an effective entrance or exit of fluid
fromthe rabput Pdnlapaaly gleastabout bl gnd mongasually aipastiwut 1.9 L., SBdrettiee 5 X

10' 3 cnt, bou 3 10"3 to.2. 103 cnR. Present_in the
reaction ayégﬁ%' lg%%gér gﬁ(}]gr ela%(i;\%é]hf’r fé{%fé%ﬁm%ﬂ?‘lﬁa aﬁ%ﬁg@ﬁf"&%‘%"c@m gingrallies 15
for theospmchudss at leadt an dnlerpasanddn nyt disbodinaisalte enchidds ddwitlef gure The used to
derive the concent atiofn of analyte in a physio]ogical sanple. The redox
r eagent sy%&ﬁeﬁ%@%?a?ﬁhﬁﬁlsmﬁéé@ﬁwsa}a HZ’V%I"BgFH'r'ﬁ cieptdklatge t9 east an
enzyne(s) prodida anefficivéntrahdt JFRRY oFRPHbHRRY réactioh BRa, WU YéiRrallF FAGEs(S) of the

redox reaggnt stem i, an enzyge or plurality of enzynmes fhat “work in
concert tot8R2aPYe % Mo 1aAX 10t smowswqﬂygpwsabsaunlrﬁ:smgpﬁw ;,‘m?he enzyme

conponent of 20predeft ih AHEPéadtiBRARR s 2r¥SdxGEAget STRER, WicHfeadend M@ﬁ&ésyt e
rk in

oxi di zing enzyne or a collection of two or nore enzynes tHhat
concer 3 t ofosfiegpeciesthat isdpeasyredbythe eleeteqds gnd theveforerisaised to derivasthest i ncl ude

oxi dases, @lﬁwaema%iﬁsaﬁﬁ%gicma@ RSThedefAEARAS ?eaipg%%%&%“& and

the like. The specific enzlyrre present the reaction pends on the
parti cul arreagtiongrea tynigally mcludesiag feastian eraymets) andrremediator. fmanysmbogdinestsdesi gned
to detect, thulehme nRRHERS Yre! ' g.%m'a | +n gl ucose
dehydr ogenase, cﬁol est@rgfgiql a{gsrt&gorxgg%%ﬁ%zﬁdégﬁg%o oe%rﬁ'géﬁy%ng@%er%&agi n

| i pase, gl Yewkipfoneem tasexidigg the analyte of intarestp reather ovardisa the, entyanet cimponent dfis e,

| act at | do . id bi.l i.r ubi
oxi dase ([P KRR RARAR Sysdfs L G B Ao ISR e A BB 0 ¢ e
anal yt e of tWornrencge enzymesfthatcusk in ¢dneerctozyitize3te analypoofanterestf EdAymes 610X
reagent sYgpfefd ihdudk &é&égég,sc?eh%r'ogénﬂeQ,Qipgs%é,%nr}%ises?dighoraaseglqﬂﬁggr%te?né,l gase

the like. -

The specific enzyme present in the reaction area depends on the particular analyte for

25 which the electrochemical test strip is designed to detect, where representative enzymes
include: glucose oxidase, glucose dehydrogenase, cholesterol esterase, cholestercl oxidase,
lipoprotein lipase, glycerol kinase, glycerol-3-phosphate oxidase, lactate oxidase, lactate
dehydrogenase, pyruvate oxidase, alcohol oxidase, bilirubin oxidase, uricase, and the like. In
many preferred embodiments where the analyte of interest is glucose, the enzyme

30 component of the redox reagent system is a glucose oxidizing enzyme, e.g. a glucose oxidase
or glucose dehydrogenase.

The second component of the redox reagent system is a mediator component, which

is made up of one or more mediator agerits. A variety of different mediator agents are known
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or glucose dehydrogenase. The second conponent of the redox reagent system
I's a nediator conponent, which is nmade up of one or nore nedi ator agents.
A variety of different nedi ator agents are known 6 WD 01/57510

PCTI USO1/ OM8B/57814 t he art and include: ferricyani de, pheRGFURE/02465

et hosul phate, phenazi ne nethosul fate, pheyl enedi am ne, |

amL Ihoxy- Eh gngezhrn endiBéHideS feh?@hﬁde, 8h@aghmh&ylbh&e,%aﬂﬂ§9ﬁmgaﬁm;ea Zi =

I chl oro-1, 4- benzoqui ngne, ., f errocene riyatives, osmu | pyridy

conpl exes, P}Eﬁ"e‘f@ ag"l‘H'e’ 8(5%1?‘7@9('65’ ‘,"“aélﬂﬁlmfﬁ@s"xfg‘i?ez.’gﬂﬁnemﬁé%ﬂﬁﬂaﬁ“ﬁ%?é‘wher e
gl ucose in HigEoRPBs-YErzogdindnd] fefrEene détiatives dimRSELIH A pRikesI bt
dehydrogenase are the enzyne conponents, nediators o particul ar 1nterest
are ferri cysqmriees, apd theiike. In those embodiments whern glucop:in theapalyte of intesestiand n t he

r eact i ons ar fiacdsBEkiLE oPHILERE B dAGERkSare trelnzyn® { Biediftbislct € malic,
mal ei c, pho%phgte,_ ! Ggogl" b_uf?_gr?%and ?rﬁe el I Ke. J\?{é‘?s%tﬂ ’eregggﬁtog that may
be present pardquipginterastaee femicyanide; anddhedikeh as cal ci um chl ori de, and

magnesi um 10 chlggide. | ' | ; c s such
as Triton, I\/t':lcol(?tli1 liej[??gg{r?ltix??ai)ln%ﬂ%v\g? éﬁ%@ﬁﬁﬁ%&gﬁtgmﬁ% %rglggﬁ @Iﬁ‘eé{l%%hﬂmfs%‘%g
agents suc hciumoattb,miﬁa_ﬁ?, malic; mgdaic, phosphat¢, & Gepd”rtalﬁ’msmd the like) X't athemagents The
redox 1 eagehe Y Gkt sRARE! Blobiby RS Witlaf oflin L0 LFmBRUILS O Lhe
vari ous conponents ‘nmay vary, Bre the anmount o enzymeConponent typical ly
ranges 16 fchioridajpyobloquinoling@Oinomg; tyipes ofsudiddtantst sucinasdliyivert, Macol T&gonip, ni.; and

t he anount | at or. .component . typical Ly ranges from about 5 ta 1000 nM
usual ly fro %%F%Q%'dtpéurgg‘g sﬁﬁ] ﬁn&é"?"gwuﬁgassau P S o 'Jgtjor“‘% fangtohst  and
second ti nmeandictasat transients are obtained. The first and second
time-current trapsients are obtai ned appl yi a_canstant el.ectric :
potential to thgﬁ's xéer?ﬁe“gfr%’, ’%ﬁsﬁﬁnefﬁl\é,_pﬁ‘%gﬁé‘e&?@%?&eﬂ?"“&f&ﬁ period of
ti rTEhI nt waaciedxd: corriipbneniﬁnaytl vany;, where dmaniuunséfeazydnegempmnpgbieg@ rﬁfgesa apgls i ed
to the ce and, t resul tant ti -currengt nsi ents . are obs V%x'

such, tfe ffeR? "l"Ffréqg(f?r'F% > W§UalyHrQu, poou; %é@?@@ﬁ;@tmmg"?f ABnst ant
el ectric pajonipbhent typicallyi rissdes foi@BoiitS tb1600HM, usuailpfrorh @boMe 90 td $Ud il ki ng and
the reference ?Pﬁct.rodes .and.  observi ng, t he c.hanaﬁ?l n cyrrent over_ tine

bet ween t he el edPyeag sample igtrodugtion, frst nd timercufrent thagsicnts are Abtaiged. £ j st
ti me- curr enthelfirs3fid &6énd tiiecutRGNirdnkidts e obfated by Siplykiy SdtRbtaft@legirRCt ri C
potenti al genegﬁll ralg%es fraom gbout 0,to -0.6 V, u,sgahl% frqc:m ﬁbout -0.2
to -0.4 V. PP é‘hé{eﬁe diqbasEVIng B I UAENt OYPT AReop ot thBe i theeellciect r odes
i s obsejovedsie? worl! fsiantiR&eohd bﬁﬁes}afd’ﬂbrﬁédrtﬁ eHelcell hriBé RSt fih&alrtelt M aNgeS

fromabout 3 to 20 seconds, usual fromabout 4 to 10 seconds.
transients are observed. As such, the first time-current transient is obtained by applying a

constant electric potential or first pulse to the cell, e.g. between the working and the
reference electrodes, and observing the change in current over time between the electrodes,
i.e. change in cell current, to obtain the first time-current transient. The magnitude of the first
25  applied electric potential generally ranges from about 0to -0.6 V, usually from about -0.2
to -0.4 V. The length of time over which the current between the electrodes is observed to
obtain the first time-current transient typically ranges from about 3 to 20 seconds, usually
from about 4 to 10 seconds.
The second time current is obtained by applying a second constant electric potential
30  or second pulse, typically of opposite polarity from the first constant electric potential, to the
electrodes and observing the change in current between the electrodes for a second period of
time. The magnitude of this second constant electric potential typically ranges from about 0

to +0.6 V, usually from about +0.2 to +0.4 V, where in many embodiments the magnitude
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The second tinme current is obtained by applying a second constant electric
potential 30 or second pulse, typically of opposite polarity fromthe
first constant electric potential, to the electrodes and observing the
change i nWQRIf58510 bet ween the el ectrodes for a second perRAIASEI/0246% ne. The
magni tude of this second constant electric potential typically ranges from
about 0 t of th®sé&ond elnstuabbtyntial snhecshme s the nidgiitude Of the Hrst ¥o@fi€paotBntizRNY
enbodi nent 01/ PCT/ USO1/ 02465 of th second
electric piPé %F?’gqaﬁf’g p?’ﬁ’@ tgpé??ﬁoﬁ?gg?s "h&fm ! H’d@ %’Fm'%ﬁé’s‘ﬁuy foma e'é‘tzr‘i%

pot ent i al . 4 sddoads chmb@hrhngmxepmrngeli wﬁﬁnt(baiv&}e)én tharREeodel 0ver #Ostkodd t 0 10

seconds, usual Iﬁ% from aboctj to 4 sec % Sg‘ gbserving the change in
current bePSHOGPTHIMS. & peceRd UpRscurppbiransignidorthe gelbis defemmingd. of tine, a second

time-cusrent traRséwepdl tfnserpehb&req&lréd tb %bﬁﬁ.ttﬁé ﬁhﬁiﬁféﬁrs‘t J@?eceﬂcﬁﬁrﬁé-l:u&énve
perlod reqU|red to obtain the requisite first and second tine-current

t ransi ent stranientieasdesyibgd M?és feiaé“"?liéﬁhﬁ’[‘ilvﬁ%ﬂ%?mlmeﬁtscbrsvdi n enbodi ments.
In such  egiuEiAERS $he tbiaCarhQUnfbf tﬁi’i@f‘é&hreﬁfto bbtam thet 'aﬁ@ Q:cgﬂd L @ﬁdl? ent N€ i 1St

and second time-current transients is |ess than a out 30 secon usual l'y
| ess t han H#sientsiplessahanrboutdfcesnsds ugnaliy essthan eboyt 20 neeondb ant mare uswalipnds. 10
The next sfegnidatollf144Rbft Methods is to use the observed first and
second tinme- current transients, obtained as described above, to determ ne:
(a) thd®vari ablEheynest stepia theeﬂubcttt rmtmdsnsctahsedbtb pbservedifiisransiisecond kinec t

met hods; a . r trat t he .anal yte of
i nt er est i%&pmwg{ (Lﬂtépléé%v Fsca f?p‘f (‘ﬁf{i‘ﬁé{ e‘g theret hods i s
defi ned toeletmmchenhal télbusddini the subject rﬁ&hafs anla@)ei ;ﬁemmm@mnlﬁa&oxﬁ@idatlsﬁ om
|deaI|ty d i shoul d be noted t hat y shoul d approach
unity undelgyf}ﬁ@éiﬂ cS’EHﬁ?"trg% H lé’amé’ ‘reagent equilibration and gl ucose
reaction are cormehatighldpé leyeﬁhethe&%;&i methBds is Béfne®td deleribb e deliatibiese
ete.wi ]l cause the ratio to deviate fron

condi tions not bein nm

non-unitty ‘?f&%@%"“@ﬁ‘é‘“i“?& relt fare ?de%iﬁy By vaay s P?Crlfétpun‘éslt sheuldheaated thatat e
current o fo otential to
20 the cel | ToHR3ppEAINE] duR RielcBhths . KBk EARMREn B Bl 2T

t ransi ent . redution @eerpomiplese before the edéﬁfﬂleﬂrsasulsdle&ra\nﬁﬂmgﬂacomdnmmmot bsisg a short

tne appl | CATRRE wl Gl i Wl o fon RTiaRY vbes e Tomete i 45 dodbel cor

peri od of asnhmstéadsbmammhnﬁdbeer%d&blagﬁngtwphéuﬁbn oSthe edcondeledic potitiabdol Y
usu y fromabout .2 to 1.5 seconds and nore

ranges_fro eco
usual | ¥ frf g]ﬁf"ilbb% tPred?tﬁdo"E'e?fstha E%%FRI@ tmyen@yrtent trangsignty Thadenomisater is t he
short peridetndd asithdBetage ARAME oveda SIRFOHHe peHod neﬁ‘fﬁ‘eré]‘ﬁ%fﬁiérﬁ'i-é?\%&n‘%fofda erm ned

at a tinme pear the end of the first tinme period, typicall
time, 1.e. near the end of the application of the first electric potentlal or first pulse The short

period of time from which the average current is determined typically ranges from .2 to 2
seconds, usually from about .2 to 1.5 seconds and more usually from about .2 to 1.25

25 seconds, where in many embodiments the short period of time is about .3 second. The
average current is determined at a time near the end of the first time period, typically within
about 0.1 to 1 second,. In certain embodiments, the variable ¥ is described by the formula:

Y=lso/Ipp

where:

30 iss is the steady-state current of the second applied electric potential; and

ipp is the average current over a short period of time near the end of first time period,

1.e. near the end of the time during which the first electric potential is applied to the cell. For
example, where the first time period is 10 seconds long, the average current may be the
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about 0.1 to 1 second,. In certain enbodinments, the variable y is described
by the fornmula: r-isslipp where: 30 iss is the steady-state current of the
second applied electric potential; and ip, is the average current over a
short peri JMOB¥5710ne near the end of first tinme period, (PCI/USAHBR46S he end
of the time during which the first electric potential is applied to the
cell. For ewvesagelcerrentifiomes. 5 tved.$ becondstaf the 1paecond Iong péfibds ediehéka 1.0Rgond he
average current r e the 8 01/ 57 PCT/ US0]1/ 02465 aver current
from8.5 tog'@.ege% cooﬁﬁeé’mb‘gﬁpﬁbvgiﬁ“‘é%&%#gﬂltweﬂg i od, PO "3%5" » esecond
time peri odfidt indsecond dimefcufrentitfaasinchrodlss ffployedsé dérivea ppeitiinaely Aalyfgent i oned
above, the first .and second gni&rie-Current &‘r{ansi e tai'mare %I so_enpl oyed to
derive a pr EIMCFARLPY valurfoy the sarpnls batng gssayed, in pamy R eisetig BieiIRaye| ng
assayed. 5| Narii#e/conbdnbreiicrEs Heternfiktd b fusihg he Fellowiry eabalon:e concentration is
determ ned by using the follow ng equations: , i =i. {1+ 4
exp(-472Dt/L2) } iss = 2 FADC, KO =imhdriet exg6dr PUNL} st eady-state current
foll ow ng application of the secondisg.i?egwotent ial; 10 i is the
measured current which is a function of tine Dis the diffusion coefficient
of the cel | whethere this coefficient my be determined fromFick's first

law, i.e. J(xt)=- =),/ ' . £ i X | he .t.inme for

t he application I%Bq ﬁ%‘g}e{eaﬁi s%feeégpjre ?cﬁl%&n%?@?ﬁ{aﬁ%éﬁﬁ@?@éﬂdf %?clu?qr%t&%l,

begi nni m of t hd igthé measGredicarrett evhiphad 4 famctwnyf tmacentrati on of the anal yte;
F is faraday's . I | - AL he area.of the
wor ki ng el ect rogggi%aﬁéslldﬁg‘:%f"ﬁglergég\% cglguqa |eotﬁl§’%§%%u%tg%§?e ?‘ﬁ%mgffgerved
first and shooBitkisifine lawyie.dt)=D'Eients are used to deternine the

vari able y of tt}_g. ﬁlteectro hem cal cell enployed in the subject nethod and -
the prelimnary ¢SHESRFRYIER™Val ue of the analyte of interest in the
ass?yeq physi ol ags thetime forphecappkoation dfithe 218 tlectrit paentiabwhexbt=e fyr thad
prelimnary,

anal yte. concentration value, a 25 henatocrit correction factor
i s detefhi n@é’,““\ﬂﬁf’gﬁlf-e H@Fﬁat ocrit correction factor is used to
C, is the preliminary concentration of the analyte;
F is faraday’s constant, i.e. 9.6485x10*C/mol; and
A is the area of the working electrode. .
20 Using the above equations and steps, the observed first and second time-current

transients are used to determine the variable y of the electrochemical cell employed in the
subject method and the preliminary concentration value of the analyte of interest in the
assayed physiological sample.
From the determined variable y and preliminary analyte concentration value, a

25 hematocrit correction factor is determined, which hematocrit correction factor is used to
obtain a hematocrit corrected analyte concentration vatue from the initial or preliminary
analyte concentration value described above. The hematocrit correction factor is a factor
with which the preliminary analyte concentration (typically less a background value) may be
multiplied in order to obtain a hematocrit corrected analyte concentration value, i.e. a

3  concentration value from which the hematocrit component has been removed. The
hematocrit correction factor is a function of both the preliminary analyte concentration value

and the variable v of the electrochemical cell.



obtain a hematocrit corrected anal yte concentration value fromthe initial
or prelimnary analyte concentration val ue described above. The henmatocrit
correction factor is a factor wth which the prelimnary anal yte
concent r aviowstsiypi cal |y | ess a background val ue):- may be PCRUSHVEMSed in
order to obtain a hematocrit corrected anal yte concentration value, i.e. a

30 concentrati @my%inu@cﬁﬁ@memnctmémmhemw:ﬁaﬁpltedcwmrmanﬁniaﬁs been
renoved. The henmatocrit c&%ection f@gtor is.,a function of hoth the

prel i mi narSPRsgRiRYonvais (bually less ahackerpund valye s described in greater detgjkbelgyy
el ect r ochegiyos enfpdyed inth¥\ @ttt Mdhddd. Bad (AP0 hdmddthit corectibeBloRGhit tfind

correction factor that can be nmultiplied b thertﬁgel_i m nary concentration
val ue (ususselinthe subjechmpthedsare those tha asederived fom @ three dimepsi iy of fat Wi |

bel ow e e . ' . L e6] e OCrit
cor rontd orip HCHTROKER 4o bR als (PG ANIGe abdlCorandps sblnalIREC L
derived friies Thehegatdtriromealvalfacgrd@iC.of)) Cdetesmibedanihgabéddrmyld: obt ai ned

from experinental data using a wi de range of anal yte aarjd henmat ocri t
val ues. The her nat ocr i¥Ced? rastva! sencentrapign/( aftaskergynd Yalugdet er ni ned usi ng

the formil 81;’ %&{@le, \X/)ler? ﬁﬁta&lﬁg‘tegf’%ﬁ&%,r a.,i< %‘fn(n;)ﬁiehﬁaﬁkﬂﬁtg E@lglcf\(ﬁé ue) (For

exanpl e, e analyte | cose, ) in many e I ments equal s
the gl ucoglecosocmeertration asdesssmihed using the ¥elloy Springh Insivaingns\glugpseiangjyzer

nstr UL ghveo e abuanh  LGRPSh 238 SAnEBRELRE llh Ryt ont. 1o

5, 968 I SCl'osure o éréin incorpora erence)
di vi ded byinédporfiad by seferencopdikigedyrttie Calesse backgyoundalug, eig. )22 mighdls). Thd$ ass of

hernatocrit cogrectiapn factors .are tvpically.equat.io which fit a snpooth
sur f ace f%‘?‘?&f’flbeﬁlaf‘?ﬁ?ccfﬂeﬁ%‘?ﬂ f}ggrstaﬁee&@?@g’req%’é‘?a%‘@%c ﬁ‘} s&oeog} sé'\rtléﬁe and act ual
dat a. See fan@ionthae mirhxizes theermbrcbetveeen theqmedidted and actilalatae fecsgnhat | ve
hematocrit correction factor, that finds,use i 15 th ubj ect, net hods i s:
0 b5 bl sefiiat. AraiOPs Febpessariivg besmatotrd cpitoion Faciat thi Bisiee o 1o
her nat o< i the GMjecEmbibdsaoncent rati on of analyte according to the subject

i nvention, the prelim naroy anal yte concentrat | ((:)n SCoqéna det erm ned above,
| ess a background si gN&( -ﬁﬁé?h’@ﬁ‘*#@%ﬂﬂ@@}h%’a ‘939 {3 énC nat ocrit

correction facthereiifind fe'idmadnst BRedtad dicdniion oF aRkite 2Bk &f fo'tdN t he
prelimnary concentration value depends on the analyte belng neasured. For

gl ucose, tswbisctinyendon, thsipselimiary analytesconpaptratiandGe) 3 detgrmgigedighons. lesigual | y

f rom about Qi -g\,?ﬁ:t Iid %,rmgl M=Taiolal krﬂféﬂ‘ £86r BEe ek jvalue is
about 22 tﬁ‘ggl/(%'ﬁm@r I%rﬁg/‘%lzne’nlg __fp Cdaéb er a?lel yl,Eg}'t Ee o[[l ovma%q?lor rruggﬂ?s
enpl oyed t@lugdbasissubtzactédedrdne the preliminaty eoeantratiandvalue depends on the analyte

being measured. For glucose, this value typically ranges from about 0 to 40 mg/dL, usually

from about 8 to 25 mg/dL, where in many embodiments the background value is about 22
mg/dL or is 22 mg/dL.
Generally, the following formula is employed to determine the hematocrit corrected
25  analyte concentration according to the subject invention:
hematocrit corrected concentration = hematocrit correction factor x[ C, - 8]
where
B is the background value; and
C, is the preliminary analyte concentration.
30
The above described methods yield a hematocrit corrected analyte concentration

value, i.e. a concentration value in which the hematocrit component has been deconvoluted
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25 anal yte concentration according to the subject invention: hematocrit
corrected concentration = hematocrit correction factor x[ Co - a] where [i
is the background value; and C. is the prelimnary anal yte concentration.
30 The abow® wdsssini bed net hods yield a hernatocrit correcPetiusoiaR46se
concentration value, i.e. a concentration value in which the hematocrit
conponent h 0. - :

renoved. Asagdu%ﬁﬁoﬁﬂgeg‘gegvgﬂgg@,g I‘dl gggn@%%%gggog}dg\%gj d’tg%? %Jrrgéﬁzﬁgec%%%gt e val ue
Of the coné&enserteationaf the analye irthe sampleibginglassayednpl e bei ng assayed. The above
conput ati onal st | SRR | al,Lly or
t hrough t he use g %’%L%%At r?at g‘éﬁg‘%ﬁpuugsgb%ﬁ’he??’d\?ﬁ?’gwﬁ%g%ﬁ Enboa ment s
the use 5 obr throughthemae efanczummatsdrympatingsneass, wiherssn manychmshodinieetd theuse
connecti Qn l.ecl: V] S . 1 S..0f [ nterest.

bt ces oA S bubiatfablng MG 35k A1 GUABES eGhdblion bl WIBGLC
practici ng tiévices disgussed beld@, isrof mndréesatn. The subject neters are typically
nmeters for anperonetrically measuring the hematocrit corrected
concentration of an analyte in a physiological sanple. The subject neters
typically iDsvgge: (a) a nmeans for applying a first electric potential to

an electrochemgal cell jnto which the sanple has heen introduced and
moasur i ng el | AR BRist byt sl o S IRe B BtSuPcLEe e bt

t i me- cung eninvéntion SFtRRibject Meteds 47 BpRallyGfietérd Mr pinperomersiedlyitkadibingieCt ri c
potential to the el ect{?achem'caj cell and .nmeasuring cell current as a
function ofhi“?wm‘EW"ﬁ SPRFERITANOR ShEP AIPE R & PIE ".gt%?laﬁqg‘l’]én ,esPB?cta means
for det?rmﬁbﬂaﬂt?piﬂill?ldcﬁhé!a{a)( SRddny £ apFIGRE £ hfst dbduipotertidRioand a variable y
fromsaid first and secaond tine-currents; and a _neans for renoving the:

d
hemat ocri t #estioskreneal sslldntorvrhichshe-sampiehas beep ?ﬂﬁreéw%eﬁ anq Heasyang fell cerrengas  ve

the hemat o0c4 fihcfldf Bifk 86l oA Yir# tiRRRGRE: irdhdidd (bNa A fSrdpPlyiig aE@RE (2)
and (b) may 20 be any suitabl e nmeans, where representative freans are

descri bddl i fleciuts pprentigltg sheslegtrophenical gofl pachmeagaringrelh ayrrent os a fupdtioniof imes ur es
of Whi ch ar@ Jbfdirfd bcbiiCihdQirhithnBi¥nt! &)@ iiAfEfor di@imning £pre Ahaigt ©

typically conputing neans present in the neter which are capable of using
t he measur eepngdntratioravatiieaad 8 Matiablerydropusaiddfirst and sesondtimescurrentst andrfd) @1 y obt ai n
t he hemat ocy ] C anal vt (o . A S
typical |y ar'h#faé% %o%?%xﬁ%?r}gﬁge a apg%c%xgcc%?&%gﬂ? Hofthe &'ehrﬁﬁar; %Sﬁben H%al(:g ?o

derive the hematocrit corrected analyte concentration in said sample. Means (a) and (b) may

20  be any suitable means, where representative means are described in WO 97/18465 and U.S.
Patent No. 5,942,102; the disclosures of which are herein incorporated by reference. Means
(c) and (d) are typically computing means present in the meter which are capable of using
the measured first and second time current transients to ultimately obtain the hematocrit
corrected analyte concentration. As such, means (c) is typically a means that is capable of

25  determining the preliminary concentration of the analyte of interest and the variable y from
the first and second time-current transients using the equations described above. Likewise,
means (d) is typically a means that is capable of determining the hematocrit corrected
analyte concentration using the equations deécribed above, where this means typically
comprises the hematocrit correction factor.

30

The following examples are offered by way of illustration and not by way of

limitation.

11



25 determning the prelimnary concentration of the analyte of interest and
the variable y from the first and second tine-current transients using the
equations described above. Likew se, neans (d) is typically a neans that
S capabl‘e (aI 57@% erm ning the hematocrit corrected anal pegusamassst rati on
usi ng the equatlons descri bed above, where this neans typically conprises
the hematocrit correction factor ow ng exanples are offered by
way of illustration and not . by m&ﬁ&ﬁﬁ% ion; 11 WO 01/57510

PCT/ US01/ 02465 E@&E;Wé&stﬁp Pregagdtiopchenmi cal Test Strip Preparation An

el ectrochem cal test strip. consisting.of two me i.zed el ectr des oriented
in a sandw ch @bﬂ?‘i"@ﬁ#‘e&t“?“bﬁsm ‘iﬂ“é‘% St me ‘F?d/\?ée"tr? @"("GH BAr of the

test stri paH@eickcdfictration Wik répardiths Wilowss. Be'tbPlayerive thEiteld kieip vd¥ 8 lgotas a
doubl e- si ded adhesive with a punched hol e that defined the reacti on zone or

area. The PutrrNykssEPwile ‘Bld‘élP fayprovagiadoublepsided,adhagivrcuith 2 penchedipls ar i nl et
and out| ety h&*&?{ﬂéﬂ' the reI&ﬁmQ@ﬁet &rﬁ-éaa'!‘ﬁ‘éplﬂf:hédhﬁletv?a%ta citlk Wth RS amgsée@r ed

pal | adi um on Myl a ferricyani de and gl ucose dehydrogenase PQQ
was deposm@@gumuﬂmmbamtleamaamlegm @mulas@pfﬁ@éest StoP Mes spustadat i on of

Experimentgh, | anﬁla?tm ﬁgggl&emgﬁuss@%@ﬁ ﬂéh@&@éﬁ @s,tg&”ber of

di fferent samp es varyi ng cose concentrati and TRt Gerl T- wer e
obt ai ned amthoba\l}admmSSaweésuv@@ applied to the strip which actuated an
appl i ego potential of -.03V for a period of 10 seconds which was then 15
foll owed by a second puI se of +0. 3V for a period of 3 to 10 seconds (where
t hese el edlr oddGenpratiemof Bxpsriraengal Blatah respect to the gold el ectrode) L.

Derivation of rrectl Fact For de .range of
ol ucose and nerarotn oreopd it e R b ioe BLGRIEy SRheiB RS 1D
vari abl e yghtvose eintéiratiby) andehematderiti werel obtfinedwSoltbavs. Sample sangpplidibtoaligiat i ons:
() =1 siﬁplwﬁicﬁa(g&(ﬁé& éna%aiefdlb%%enzial of =03V %or'azlpﬁenoz Io'f l\“nsgéo%ds which was then

15 followed by a second pulse of +0.3V for a period of 3 to 10 seconds (where these electrode

potentials are with respect to the gold electrode).

III.  Derivation of Hematocrit Correction Factor for Glucose
For a wide range of glucose and hematocrit values measured as described above, C,,
20 the variable y and o(C,, ¥) were derived.
C. was derived using the equations:
i(t) =is { 1+ 4 exp(-4n’Dt/L?) }
iss =2 FADC,/L
where
25 iss is the steady-state current following application of the second electric potential;
i is the measured current which is a function of time
D is the diffusion coefficient of the cell, where this coefficient may be determined
from Fick’s first law, i.e. J(x,t)=-D %®%,,
L is the spacer thickness;
30 t is the time for the application of the 2™ electric potential where t=0 for the
beginning of the pulse;
C, is the preliminary concentration of the analyte;

F is faraday’s constant, i.e. 9.6485x 104C/mol; and

12



25 1. is the steady-state current foll ow ng application of the second
electric potential; i is the neasured current which is a function of tine
Dis the diffusion coefficient of the cell, where this coefficient may be
det ermi nedwoéomsysioi ck' s first law, i.e. J(x,t)=-D dQ c )/ @cTUSDEO24Pc spacer
thickness; 30t is the time for the application of the 2"d electric

potential where {A59tHeQFentoPthe clee@bdediitsteOf the pulse; C, is the prelimnary
concentration of the analyte; F is faraday's constant, i.e. 9.6485x

104C/ mol ; and 12 WO 01/57510 PCTIUSO01/02465 A is the area of the
el ectrode StI‘hE@&f‘able%g‘ﬁ@ﬁ\ieﬂlﬁkiﬁ%&e‘ég&atigﬁri ved using the equation:
I $$ | '

y=iss/lpp 5 where: IS the Steady-state current of the second applied
electric potential or second pulse; aomis/gp IS the average current from
8.5to 9,5 s%conds of the 10 s long period during which the first pul se
was appl Ped "5 a( 00, y) was deternined using the equation: a(Q0, y) =YSI
concentration/ ( ids the Stedylstdte curat 6f thsdecord applied @leueio p6tehtil 6LRESM Jule; as

det erm ned g?ﬂ ng the Yellow Springs Instrument glucose anal yzer nodel 23A
(as describ in US. Patent No. 5, 968,760 the disclosure of 15 which is

her ei n i ncor por aj, qgltHR\vérafeufroRdom 5 t4¥9.8 SecdhdsRT HieA0A oy RABd Bifringavhich and
a(C0, y) as determ ned abgve for a wide range of glucose and hematocrit

val ues was Prd5spulge watapPledshown in Fig. 1. A sinple equation fit was then
perfornmggl on the graph to define the surface. The residual of the fitted
data was nonitored to ascertain the quality of the nodel equation. The
enpirical e¢{fat T)ovas dermined ysisg e aquatips: Hematocrit Correction Factor =

000,007 '+ (40000 0G0 ) Sy el 2N T8, Ve
>0.7 and Cwherd Y Siriy/thid glucose concentration as determined using the Yellow Springs Instrument
glucose analyzer model 23A (as described in U.S. Patent No. 5, 968,760 the disclosure of
15  which is herein incorporated by reference).

A three-dimensional graph of C,, vy and a(C,, ¥) as determined above for a wide
range of glucose and hematocrit values was prepared and is shown in Fig. 1. A simple
equation fit was then performed on the graph to define the surface. The residual of the fitted
data was monitored to ascertain the quality of the model equation. The empirical equation

20  was found to be:
Hematocrit Correction Factor = 1/((0.6637) + ((4.9466*In(C,))/ Co) + (-0.4012*In(Y)))
The above correction factor was found to be valid for those situations where the y >0.7 and
Co >40 mg/dL.

25 IV.  Comparison of Hematocrit Corrected Values to YSI determined Values.

A prediction data set was generated by testing several glucose strips with a wide
range of glucose and hematocrit levels. From this data a hematocrit correction equation was
derived using a model which fits the terms C,, v, and a(C,, ) . It was found that using the
hematocrit correction equation on the prediction data set causes the majority of data points to

30  fall within +/- 15%. It was also found that the bias of the glucose results to 42% hematocrit,
indicating that the hematocrit effect on this data set is minimal. In order to confirm this

algorithm, another batch of glucose sesnsors was tested with a different blood donor. It was
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25 N. Conparison of Hematocrit Corrected Values to YSI determ ned Val ues. A
predi ction data set was generated by testing several glucose strips with a
wi de range of glucose and hematocrit levels. Fromthis data a hematocrit
correcti ORycpsisaspon was derived using a nodel which fitsegimgsor/e46s Co, v,
and a(Q0, y) . It was found that using the hematocrit correction equation

on the pregi.cti Sget L.Of )éﬂggt-l_p,‘ahgmgr' fall
within +/gkg‘g})h9{}?9% S a ssgﬁ?%%%gs%ﬂ%?@hzg&brﬁas of .the g %‘%?8‘55382@ ts to
42% hemat oearlier findingsdi cati ng that the hematocrit effect on this data set is
mnimal. In order to confirmthis algorithm another batch of glucose
sesnsors was tested with a different blood donor. It was 13 WO 01/57510
PCT/ US01/ 02465 THeabiont resudts andhdiscabsipor detnonstmate thit subjest éroestidngurotides ahenat ocri t
effect Ln a _nanner an us.to th earlier findings.. . .he abave results
and di sk s SmBR EFAER) GREH v etifipe ERlrhbion i BB RSl Sl . anc
power f ul t eredr is substiritiallyif acednyitely diaiitaesd! Asthe ibjstdimettnds relywdolebionent ocri t
derived error is s%bstanti ally if E&%& enti realﬁge/cgl I, 'agteeij. A% t he subj ect
met hods r eT§ASEIGIERLPL fiercimrent {rahsietss fhey may pe pragiiceg WIS SaRent s, t hey
nmay be pragédtfekbnidal HevicRb. Fukth@mors bl kBall RhPRivoRms Rbédte ctPloye®nd

Furthernore, only small sanple val unes need be_enpl oyed an relatively

qui ck ass alplaivelquick assay times desprovideds As frchy the subject WXENtoR JRPRSEBHA r epr esent s a

to signefigaimcamtdhiribbidd 8Rnd £t.t he art. Al publications and patents cited

in this specification are herein incorporated by reference as if each

i ndi vidual publication or patent were specifically and individually

indi cated to bexj NEetdshadd ts'cRiEhn fBioR hieHet i in&, 4Byblication

is for its di sc‘?’oﬁs}%re _15.priq’3{r%“t?g _t‘ﬁe%fﬁeﬁg dgte ancfmgﬁoﬁﬁ%rélopybe

const rued kgferenge axdfivash ingividugbpublieatiop pepatent were\sperificelly andgndividualipit i t 1 ed to

ant edat e silgi l1.CaL,l i Gl | 1043

For egol ng | B el ok, ne e a7 pliphion ® Dl iludeli

i |1 ust A&t i prior sethe Slingitearidshoyd nptdeeonspiued hsan adgission thatithe presentiinvgntiont | s

readily ap o1 ' lﬁ- art in light of the

t eachi ngs ig?'&te éédﬁﬁégtﬁ'?%}gﬁ&f’%g?‘%%@ﬁ@wn clgghé%}slﬂvégﬁ ‘nodi fications may be

made thereto without departing fromthe spirit or scope of the appended

clainms. 14 111104113400 Lil 11121 |00 LI []]]. Q 10. C L S

PCT/ USO1/ 02465 Aimgh t:hg%%igﬂuﬁébvelngon has lbeen descnb\e/g)m sgi{ngéétaﬁ) by way M
illustration and example for purposes of clarity of understanding, it is readily apparent to

S5

20  those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.
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| . A method for determ ni ng the hematocrit corrected concentration of an

analyte in a physiological d conprising: 5 (a)

i nt roduci ng sai d physi ol ogi caﬂ'mmmml,ﬂ Hﬂmrel ectrochem cal cell
conpri si ngwdg eyszspaced apart worki ng and seference el ect r @EFAISOLNASS( i i )
redox reagent system conprising an enzyne and a nediator; (b) applying
first elect m;@mmnm;sai d reaction cell and neasuring cell 1o
current as a function of tine to obtain a first time-current transient; (c)
applying a second electric potential to said cell and neasuring cell
current as ja funGhdedy f détermmﬁgomeﬁéxﬁdt&n@c&%&a%ﬁdeﬁﬁatﬁu W&Hﬁ' ent;
and (d) derlvmn? mfrellmnary anal yte concentration from sal I'rst and
second ti me-physigle sampémgaxémtéodmrmg( e) multiplying sai d preliminary
anal yte goncentrgfi RILRL 8 j correction
factor tg deri veeaga gaﬁgcﬁrr%ltngcrl cor ect\églbtégna{%?gle%oncen |on in said
sanpl e; whercebyprisiige hemat OCI’It corrected concentration of sal d analyte in
said sanple is detergne - Claim1l, wherein
said hematocrit correcti o(r%p? Sch @J%glgg?%{%%r%ﬁg% 0Ilagsr’h%r)lary anal yte
concentration val ue t@ rermedaxtrbgeﬁtesmtrmcmmpﬁsdugranemeandmnnMr of said

prelimnary anal yte olelaly entr, d according to
Claim1, wherei n%iai fPRe 'r"r"étagfi @QTSP?ES@W%O”%&{E?%?H ’qcﬂﬁ"ff,‘{‘gfﬁl} of said
prel i m nary carnet 3¢ efuacionefitimato Mmaudrsytxmé-csmnﬂtreﬂxm rochem cal cell. 4.

The met hod accor to Claiml erein s i cal Iels whol e
bl ood or a deri @}at i \BPlyiRg raéf)‘i‘ond %"‘Qgc pqtﬂgxaﬂ)&sa:g&glz@-@ %F‘Hﬂ'gtcﬁl? '
wher ei n sai d fifiididrydfeiniezo @btdinsecond timerodrrddt trhisient; anti | | 11111 1111 | 1111

| USO1/ 02465 WD 575 6,. A net hod for determ ni t he he ocrlt ¢
correct ed concenﬁl‘lsatl ﬂ“%aﬁﬁl"aﬂé‘iyﬁ‘g ﬁ°’§e“%ﬁ‘8?§'°ﬂ156iggi‘§&ﬂ$?°§°n WY net hod

conpri si NQ: current transients; and

a
a

15 ()  multiplying said preliminary analyte concentration less a background value
by a hematocrit correction factor to derive said hematocrit corrected analyte concentration in
said sample;

whereby the hematocrit corrected concentration of said analyte in said sample is

determined.

20
2. The method according to Claim 1, wherein said hematocrit correction factor
modulates the preliminary analyte concentration value to remove the hematocrit derived

component of said preliminary analyte concentration value.

25 3. The method according to Claim 1, wherein said hematocrit correction factoris a

function of said preliminary analyte concentration and v of said electrochemical cell.

4. The method according to Claim I, wherein said physiological sample is whole blood
or a derivative thereof.
30

5. The method according to Claim 1, wherein said analyte is glucose.

15



(a) introducing said whol e blood sanple into an el ectrochem cal cell

conprising: (i) spaced apa i ference electrodes; and 5 (ii)
a redox reagent system corrp”“i“ﬂﬂ“l&“ﬂuﬂum and a nedi ator; &22 applying a
first el ewonissrspotential to said readti dn tell and nmeasuPERYSHARESS cyrrent
as a function of tinme to obtain a first time-current transient; (c)

appl yi ng agsecop ehetloddbr deteridirpithd Bdmatdrit érfbce@ bncatiehtioR aS At dvatelihl
current as Bé Lun tloq of, ti rﬁgto obtain a second tine-current transient,
and 10 (d)WhelePippa gample said; YmEPN8st e concentration value from said

first and secorqa) t i;fodubing 8434 whéle BlRbE Bintple ittrhn(efktrfdeiical déil REmBrivitL: _
prelimnary anal yte concentration | ess a background value by a hematocrit

correction factor tHBt r&pasedaparyveorkiapardbeferenceelepsodeshand r om said

prelimagary concentrgfion Y&, 5&#&{13&“ ing ah eRRMRGhd & mie@ibfopCt €d anal yte
concentration in 1§ jsai drgcgr);pl eg; er eby }?%egherrat ocrit cor r%‘c’t ed

concentration db) saiagpliinglafirs cleptrie pptantishinyaid reastioniesllangmeaggring cellThe et hod
according Iflﬂreg %'a”ﬁxﬁcftio%?{iﬁh'fb &ﬁt}:ﬂ%@ﬁm@%ﬂr&m&?ﬁsﬁe‘ﬁﬁ“ ng factor is a 20

function of said prelimnary analyte concentration and a variable y of said
el ect r ochemi cal(c) celapplyi®g aTemondrele¢tucipetential thisaig celband méasuriig celheursinhass ai d

anal yte is_gl se.,. The Qi to,Claim6, wherein said
enzyme is %ﬁmgtioﬁlc?%z"frﬁegogﬁt%&%es.ewgﬁ egﬁég‘h%%m’aaggordi ng to Claim9,

wher ei 0 sai d ox(ddli zidegviega prelimingryanglite comentration tala¢ fromsaid finst and3@cdrd | 11111 |
RN lllé’%lllllgkélslel L nI\él g WO 01/57510 PCT/USO1/02465 11. A nethod for
det er mi ni nYRYRE HEHAPEER #'%or rect ed concentration of glucose in a whole

bl ood sanple, <a)d meilfislgng suidprelimingy afabyte corceraition lesy astackprodm valuel ood
sanpl e int electrochemcal ce|ll co ising: . (i) s ed apart worKking
and refere cgﬁeéxfaé%‘f B‘Efé%"’,tm’éf?&méﬁﬁ ﬁeﬁr’°§ergﬁéﬂ%f’a?°§§bé%¥p°§§§%8m rising a
gl ucose oxprlimina§ conceptiRioaNdludto deziehe sdidhematocrit corrected analyte concentration in

15  said sample;

whereby the hematocrit corrected concentration of said analyte in said sample is

determined.

7. The method according to Claim 6, wherein said hematocrit correcting factoris a
20  function of said preliminary analyte concentration and a variable y of said electrochemical

cell.
8. The method according to Claim 6, wherein said analyte is glucose.
25 9. The method according to Claim 6, wherein said enzyme is an oxidizing enzyme.

10.  The method according to Claim 9, wherein said oxidizing enzyme is a glucose

oxidizing enzyme.

30
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(b) applying a first el ect to said reaction cell and neasuri ng
cell current as afuncti ’hm# ain a first time-current
transient; (c) applying a sece potential to said cell and
measuri ng oedbysmsrorent as 10 a functlon of tinme to obtai PCINISEYER4EH
time-current transient; and (d) deriving a prelimnary glucose

concentrati gn VaAlﬂfbtlfddQ'Gil &eberilinin’t B heRiatbciESuRietted botBntfavibh 8 PludosAR3! €Nt S;
and (e) nulti &Pi{?k’ngﬁsal d prelimnary, glucose concentration value less a

backgr ound W9 anple, spid sthod COMPRISNGE t i on factor that renoves the _
hematocrit conpoggnt iftddmtis@isl Wholobiebd Wxxtoca%&eﬁ&dhawcaréewf’ﬂ \%g derive
"

said hematocrit corrected g ucose concentration in said sanple eby
the hematocrit corredDed éErdedapart lﬁﬂg%ﬂd rgfereaenslectradesuand sanpl e |s
determ ned. 20 12. Theg meyhogd ?Ja dhrs

hematocrit correcti og factor 2|(s unct | orf i?éggﬂ%osem[zﬁgna anaFyte
concentration and a veediatds] e y of said el ectrochem cal cel |. 13 The

cauals: 25 1/ ( (B oedaok ¢ o YA Iogl S RTBCRS! el sEREBRREIN) “UL 0T

Co is said eureshi asiarfancyion ofieetorabtairomfirsttinge-gurept gausigntyar i abl e current ratio

of said electro rd|n t 0,Cl ai

wherein said pr gﬁe ' glL 1{/&%‘1% %Jéggxgée)d%é}lc ?ﬁmgﬁ% Qﬁ&l 81%&8 xz}\%rp"ln cufrgnrpﬁf eater

t han 4010y/ alfunctibn of time kd dbtaih b isécohd tiie-currdnit trnnsieht Bhd L MS WO 01/57510

PCT/ US01/ 02465 The .met had .ac to Cla I sai ari abl €
y of said elect r(é)gher?\ %‘glfga%” i -ggl's?%sgggx}ce{xtﬁ%naalge frqm smﬁgﬁgﬂf}r e‘f"i?\f/i

anper onet r i timd-butreemadientsgantihe concentration of an analyte in a 5

hysi ol ogi cal e d e | yi first
Bl bet i o potent (81 ¢ GO BTR PIURERDLI=Re ranceaf T e a BRRsoHA®) & anat”

measuri ng oalde bg umemﬁtbczﬂa:oﬁed‘tﬂaﬂ €ictop thadfeniovesthé RerdtdoRit Sorfpdnkrt Fom said
time- current f r.ansi ent;
15 ~ preliminary conceritration value to derive said hematocrit corrected glucose concentration in
sa1d sample;
whereby the hematocrit corrected concentration of glucose in said sample is

determined.

20 12 The method according to Claim 11, wherein said hematocrit correction factor is a
function of said preliminary analyte concentration and a variable y of said electrochemical

cell,

13.  The method according to Claim 12, wherein said hematocrit correction factor equals:
25 1/((0.6637) + ((4.9466*In(C,))/ Co) + (-0.4012*In(y)))
wherein:
C, is said preliminary concentration; and

v is said variable current ratio of said electrochemical cell.

30 14.  The method according to Claim 13, wherein said preliminary glucose concentration

of said sample is greater than 40 mg/dL.
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(b) means for ap |ng a second electric¢ potential to said el ectrochenical
cell and 10 rreasurl ngalmlmlml llmmlmﬂua function of tine to obtain a
second tinme-current tr s for determning a prelimnary
anal yte ciRidigtion val ué and VariaBle y fromsaid fi petr/usbtoascond
time-currents; and (d) means for renoving the hematocrit conponent from

d I d d
n sald sabbl o, Topanepbd ikarbing PR U8 il B oBR oAl o e

for renovi egf i§ freatbetimd OCr i t corrponent is a neans for multiplying said
prelimnary anal yte concentration value |ess a background value by a
hemat ocrit correction factor. 20 18. The neter according to Caim 16,

wherein saisl henwiefs fdrlamperonftricey méadering thd GondentratidiCéf s Andljte $id d
prelimnary anal yte concent ration and said variable y of said
el ect r ot heRygiRlosicalspmple,9id meter cOMPEFNEccording to C ai m 18, wherein said

hematocrit cor rﬁﬁ)?t I %aﬁs%% SpLARLLRISE elechRt puéxﬁa 16 Bddibctiochélicsl 466 | n( Co) ) /

Co) + (-0.4012*In(y))) wherein:” Co is said prelimnpary concentration; and
y is said SQmArisKesaid éﬁmréwndrraqaﬁuﬂ%fce%wran'eqse&m%enefﬁueato higinafish 20. The
net er acCofgls BordnPirbhsinf? 16, wherein said analyte is glucose. 18

(b)  means for applying a second electric potential to said electrochemical cell and
10  measuring cell current as a function of time to obtain a second time-current transient,;
(c)  means for determining a preliminary analyte concentration value and variable
v from said first and second time-currents; and
(d)  means for removing the hematocrit component from said preliminary
concentration value to derive said analyte concentration in said sample.
15 |
17.  The meter according to Claim 16, wherein said means for removing the hematocrit
component is a means for multiplying said preliminary analyte concentration value less a

background value by a hematocrit correction factor.

20 18.  The meter according to Claim 16, wherein said hematocrit correction factor is a
function of said preliminary analyte concentration and said variable y of said electrochemical

cell.

19.  The meter according to Claim 18, wherein said hematocrit correction factor equals:
25 1/((0.6637) + ((4.9466*In(C,))/ Co) + (-0.4012*In(y)))
wherein:
C, is said preliminary concentration; and

y is said variable current ratio of said electrochemical cell.

30 20.  The meter according to Claim 16, wherein said analyte is glucose.

I8



