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El ectrochem cal glucose test strips, such as those

used in the CheTouch(r) UItra(r) whol e bl ood testing
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the sanpl e positioned between the el ectrodes, th

c urqaetiun. gehrese miactibnaed simbearfred pelowi.onal to t he glucose
content of the sanple. A redox nedi ator, such as
ferricyanide is a conpound that exchanges el ectrons
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that s oxidized). The current resulting fromthe
i neleciterbenial re-oxidation of the reduced mediator ion (ferrocyanide) at the

electrode surface. Thus, since, in an ideal environment, the amount of
ferrocyanide created during the chemical reaction described above is directly
proportional to the amount of glucose in the sample positioned between the
electrodes, the current generated would be proportional to the glucose content
of the sample. A redox mediator, such as ferricyanide is a compound that
exchanges electrons between a redox enzyme such as glucose oxidase annd an
electrode. As the concentration of glucose in the sample increases, the amount
of reduced mediator formed also increases, hence, there is a direct relationship
between current resulting from the re-oxidation of reduced mediator and
glucose concentration. In particular, the transfer of electrons across the

electrical interface results in a flow of current (2 moles of electrons for every



of glucose may, therefore, be referred to as the
gl ucose current. [0003] Because it can be very
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meter nay, therefore be considered to be a sinple
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[ 0005] h nost situations, the equation set forth above
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carbon working electrode surface. Secondly, it measures the current that flows
in the external circuit between the anode (working electrode) and the cathode
(reference electrode). The meter may, therefore be considered to be a simple
electrochemical system that operates in two-electrode mode although, in

practice, third and, even fourth electrodes may be used to facilitate the

measurement of glucose and/or perform other functions in the meter.

[0005] In most situations, the equation set forth above is considered to be a
sufficient approximation of the chemical reaction taking place on the test strip
and the meter reading a sufficiently accurate representation of the glucose
content of the blood sample. However, under certain circumstances and for

certain purposes, it may be advantageous to improve the accuracy of the



certain purposes, it may be advantageous to inprove
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working electrode.

[0007] In general, potentially interfering compounds can be oxidized at the
electrode surface and/or by a redox mediator. This oxidation of the interfering
compound in a glucose measurement system causes the measured oxidation
current to be dependent on both the glucose and the interfering compound.
Therefore, if the concentration of interfering compound oxidizes as efficiently
as glucose and/or the interfering compound concentration is significantly high
relative to the glucose concentration, it may impact the measured glucose

concentration.



as glucose and/or the interfering conpound
concentration is significantly high relative to the
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gl ucose concentration.[0008] The co-oxidization of
analyte (e.g. glucose) with interfering conpounds is
especially problematic when the standard potenti al
(i.e. the potential at which a conpound is oxidized)
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charged nmenbrane will not elimnate %he D rect

i noegafively dloarged chemlcals In general, many interfering compounds,
including ascorbate and urate, have a negative charge, and thus, are excluded
from being oxidized at the working electrode when the surface of the working
electrode is covered by a negatively charged membrane. However, because
some interfering compounds, such as acetaminophen, are not negatively
charged, and thus, can pass through the negatively charged membrane, the use
of a negatively charged membrane will not eliminate the Direct interference
current. Another disadvantage of covering the working electrode with a
negatively charged membrane is that commonly used redox mediators, such as
ferricyanide, are negatively charged and cannot pass through the membrane to

exchange electrons with the electrode. A further disadvantage of using a

negatively charged membrane over the working electrode is the potential to



current. Another disadvantage of covering the working
el ectrode with a negatively charged nenbrane is that
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further disadvantage of using a size selective membrane over the working
electrode is the increased complexity and expense of manufacturing the test

strips with a size selective membrane.

[00011] Another strategy that can be used to decrease the effects of Direct
interference current is to use a redox mediator with a low redox potential, for
example, a redox potential of between about —300mV to + 100 mV (vs a
saturated calomel electrode). This allows the applied potential to the working
electrode to be relatively low which, in turn, decreases the rate at which

interfering compounds are oxidized by the working electrode. Examples of



strips wwth a size selective nenbrane. [00011] Another
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with a | ow redox potential, for exanple, a redox

potential of between about - 300nMto + 100 V (vs a

s atedoatifeli SotsAiRing! eRtiv a1¢ew rdddk podintiahckul€ odhiRi ed

potential to the working electrodé to be relatively

| owipwidyhconpexesy ferrockmerdstvasyes, rad quinona dexipativhs.

[ feri ds are oxj di zed by the working..

ol Ei<S e Py ROS G o b oo Foleait e stenbitfie
I et@éynViRlsize] RMLKEIY VRPN kéhtivlFindGgpRs M um

bi pyridyl conpl exés, ferrocene derivatives, and

qui none derivatives. However, redox nedi ators having a
| ow potential .are often difficylt t

tivel , .
1000331, hes At SidteniBe neisel o Eerereaetioes gFintefering
| ngahpbhfls 168 %rduﬁ{lﬁ}aél_@&)'ocfelf'iﬂkorﬁﬁﬂct&)% vb’iﬁ?glet\hﬂ)rkin%

decrease the effects of interfering compounds IS t
us eleatrodaniihestuveeht mdasured at drj dunahy electtddehmahhenbe ki ng

el ectrode.. The current neasured at the dumyy. el ectrode
ma ‘?tttWéPP%bféOI%t PrepbyessEshat He werkmerrleqtods i @derdp

th ' | n r.the
of FRpES PR EE SHEONT o Rl bOmBRARA"TAE ghilhy

el ekettrodieisibareae.mof cowreding amenzgame@é lﬁ)edm%@,ﬁgMe Glirrent
medi ator), then the current neasured at the dummy

el 8%@?‘68% awiw duggyslesiiede wath he praportmalsorthe Pirect

G S L R S e S A
meakutredt fomtthecutenkineasuedda tthoaorking ¢ledtRdd6all @6duce or
elimnate the effect of the direct oxidation of

i neldmmats thg clsshod throdirest oxifetionmfiintsefedngeqmpads atithe he
d . ' ' a.redo i.at or_then

¢ oot SRLEORE 1 AR it SRR B R0,

cottehnhd twarend mebiur@lit thedahingreRiRG8dE Will BOA céiiblination of
interference current resulting fromreductionof the

r eBésechiBtrriRrace pyrem and inderfaeics gugeniyetidng fremseduction of

suBt.r j ; £ , r t—t he

o At AGOE 5 U RO P e coen
C utreasiiredtathel tetimgtel ddne dyesdiddgitl h @6doxafl&dinbt fromaklice
or elimnate the effect of the direct oxidation of

i nEWFE imeasured Abe esking elestredestillaedugsforieliminatesthe ffect

of the direct oxidation of interfering compounds and the effect of interference

resulting from reduction of the redox mediator by an interfering compound at
the working electrode. In some instances the dummy electrode may also be
coated with an inert protein or deactivated redox enzyme in order to simulate
the effect of the redox mediator and enzyme on diffusion. Because it is
preferable that test strips have a small sample chamber so that people with
diabetes do not have to express a large blood sample, it may not be
advantageous to include an extra electrode which incrementally increases the
sample chamber volume where the extra electrode is not used to measure the
analyte (e.g. glucose). Further, it may be difficult to directly correlate the

current measured at the dummy electrode to interference currents at the
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wi thout utilizing a dumry el ectrode, an internedi ate
menbrane or a redox nediator with a | ow redox
potential. SUMVARY OF | NVENTI ON [ 00014] The present
invention is directed to a neter for use in a nethod
of reducing the effects of interfering conmpounds in
t he neasurenent of anal ytes

SUMMARY OF INVENTION

[00014] The present invention is directed to a meter for use in a method of
reducing the effects of interfering compounds in the measurement of analytes
and more particularly to a method of reducing the effects of interfering
compounds in a system wherein the test strip utilizes two or more working
electrodes. In one embodiment of the present invention, a meter is adapted to
measure an analyte using a method where a first potential is applied to a first
working electrode and a second potential, having the same polarity but a
greater magnitude than the first potential, is applied to a second working
electrode. The magnitude of the second potential may also be less than the
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enbodi nent_ of this invention, the rel ationship between
t héefingd by ke followingequatian, wor ki ng el ectrode and second
wor ki ng el ectrode may be defined by the follow ng
equation, W- YWA = X - Y where Ais the analyte
current at Whe)ﬁﬁrst wor ki ng el ectrode, Wis the

current%ﬁs%e?ﬁt the first working electrode, is
the current asured at the

where A4; is the analyte current at the first working electrode, ;s the current
measured at the first working electrode, > is the current measured at the
second working electrode, X is an analyte dependent voltage effect factor and
Y is an interfering compound dependent voltage effect factor. Using the
equation set forth above, in a meter according to the present invention, it is
possible to reduce the effect of oxidation currents resulting from the presence
of interfering compounds and calculate a corrected current value that is more

representative of the concentration of analyte in the sample being measured.



second wor ki ng el ectrode, an anal yte dependent voltage
effect factor and Y is an interfering conpound
walependant voltage effect factor. Using the eqgrR@ar/Geroo4/004594

set forth above, in a neter according to the present
invention, it is possible to reduce the effect of

[00013§] dat i A6 b8 BinTert sﬁmegﬁ&g {1 OMHHACHB %Sﬁc%ﬂ[ﬁ%ﬁ of
interfering conpounds an caPcuIate A correcte
c uglnense invabaneplt plced en awese strippars dbe chlatlated by fplidig: the

concentratjon qof analyte in the sanple bein
ne%?gu’?f‘e%? 3 tesboitep dhat suinsted Bie 3 Hetepreserting forfhe Atesa,

t hGvGRIBEEM i LABod egda eS8 S'Er{}) %ssaaﬁ@d \s?,gke,@eﬁ&q%ﬁe nd

test strip can be ca aci ng anpl'e on
a deestd working dléatode and nsefkience lBittode, MR thediarwirkig
to_ the present invention. In this enbodi nent, the test

st $1¢5rode andysecppd opgpg Flsgiredes benggeaisd withahemirahor ki ng

Fi e SRR R o A ARSI CRLRA aPlrod TP Heakff s

bed:idationat ghhcvéd dhdahe frugdér cfefgaundfomth@oxidike@ BENOR: to
and a redox nediator) adapted to facilitate the

oxthe At Bietlgng glegedcandribe serend marking elegtods) wleanraoprgential

fr. i.di [1co o the.first r ki n

o SR BVS bR S BdIFER b e ar<albn BRSR he p
pokeirigadledi®dapid iRAb¥rcacEBletiro®S & teREcdnd Wdikin
present invention between the first working el ectrode

arfdeqtiede prd beapierenes eleetrasite In aprbrddnse sdthdhelpieseiti ng

el.ectr.ode and the.referen | ectrode. | n.accordance
o B AR Ve BT By IR BReahue i husiig
apfédtede biyd theeefeRings el VRS thel il ddtéritlal MGAKEdMekted to have
el ectrode and the reference el ectrode, the first

pot wagtiide pefiligipnt i ensersdhat dhévamagnitudend Hiet audient generated by

f £ ci t t hat 1 he.. i t f th t
o SRt BT By BT Tk Bholent HEREA sob B St i
| i dppliedlvalioy (LY. diffadions 18bEQrdddda WifARE pRSent YhveRBbn, a

(e.g. diffusion). In accordance with the present
i rigeend notential isepphe pyothe meter bebweeaghé sedndyotlties aetterde

bet n t.he second Kin | ectrode. and the reference
o B Lt N R S U b S an POIFTGAS DR E gl ah magnitude
MagaM the diestipoemtihigdl inf e Bdatthédlof @thredet fﬁ@@xgion, the

embodi ment of the present invention, the secon
poeendipetentiel bring sdleatedl ingeasedheasdatidveofontedetingpn of

II Eéog{pfpﬁlﬁsﬂag itlg:egsggglgdw %éﬁlg%etflgcﬁws %.C %‘g ﬁlwel; Ier?lgm%lm%gtt: (gfo t]qg '
present invention, the meter may be programmed to use the following
equation to reduce the effect of oxidation current resulting from the presence
of interfering compounds on the current used to calculate the concentration of
glucose in the sample. In particular, the glucose concentration may be derived

using a calculated current 4;6 where:



present invention, the neter nmay be progranmed to use
the follow ng equation to reduce the effect of
w@z0odasiden current resulting fromthe presenceP@f/GB2004/004594

interfering conpounds on the current used to calcul ate
the concentration of glucose in the sanple. In

Pagkdre U éirs’a gm@oss LS Q8 EeR Mecettrfent measﬂayattfﬁe HRY W¥hdng
using a cal cul ated current where: - G X - Ywhere

a ajd:qm@ds,eWzlsrth@mmemt meamed:alrth@smomrbwsﬂn@elaumdeeXa isa

first r ki rrent .measured a
t'r%u%oé“@ npioroRGEL POt Fisie PO 5 i 0P ESBBRUBh

egg,%n{a{,&%ggeﬁ@&tfg&opnd Y is an interfering conpound
e

ndent voltage effect factor. BRI EF DESCRI PTI ON OF
THE DRAW NGS The novel features of the invention are

f h I h ded cl
ot tor urBSTER AR GRIEFON O xhin PRARRSEE, ot Sges of

the present invention will be obtained by reference to

U ehd RIvVePithABesAGHRE S EnttlRSEE !sé?%x%‘w‘itﬁ? Rlapity ﬁ’xrthé‘

illTustrative enbodi nents, in princi'pl es of
t heppemdedrddion. 2y lectter llhdﬂ'ﬂahdﬂ@']@lf thé &aalrcmmlaadyamtgges of the

drawi ngs of .whigh: Figure 1 is ane S tive
Vi RIEPeEE myeRtinn Wﬁf‘?ﬁ %bt%ﬂﬁ(gm FREAENGedP iRt PWHf&fE %lﬁ sent
' rﬁ’e@&h%t% thét SYBrtR ithSt AR h EntY | i Widdh Be gﬁ%&?geég@

strip use I n the present I nventli on. Hi gur

hyitle adyeniaon arevitillizedyamnd tiemccorhpeaiyingt dragingh of ddjphndence
of applied voltage with nmeasured current. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 00016] The present

. t .
TR ah TrploHAE s EyBR T L@l 55 in
rTetaepfeSelﬁnﬁ&qxhenand, nore particularly, to a neter as

illustrated in Figure 2 which is progranmmed in
accordance with the net hod described herein.

Figure 2 is a schematic view of a meter and strip for use in the present

invention.
Figure 3 is a hydrodynamic voltammogram illustrating the dependence of
applied voltage with measured current.
DETAILED DESCRIPTION OF THE INVENTION
[00016] The present invention is directed to a meter for use with a test strip which
utilize the method described herein to measure analyte and, more particularly, to a
meter as illustrated in Figure 2 which is programmmed in accordance with the method

described herein.

[00017] While the present invention is particularly adapted to the measurement of

glucose concentration in blood, it will be apparent to those of skill in the art that the
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[00017] While the present invention is particularly

adapted to the neasurenent of gl ucose concentration in
whbwsedss413 wi Il be apparent to those of skill PET/GB2004/004594

art that the 10nmet hod descri bed herein may be adapted

to inprove the selectivity of other systens used for

t NghefiloRGHs QHRB ReR mAFBS MBIRND iRbrARahY (b tivily of other systems

physi ol ogi cal fluids.” Exanpl es of "systens that” may be

adugsdddr the elarppchemisa measiroment afshalytes hepinsidiogical fluids.

accor di 0 the present invention inclyde, . .
o EctmBleR gﬁfyeﬁ?wsstﬁﬁgw < paRIeH {p {FRRFoY eFleqiyity using the method
c OQ&%miﬁglg% BB g@seﬂt%&eﬁ%@m iﬂcﬁﬂ}e%ﬁ&h‘o%@%ﬂ?ﬁl sensors used to measure

chol este m no aci ds, choli ne, ructosamne in
phiteicohogitatibn 6f lattdie, laBetenplcalsol péhobdsyes dlo bmfriocaidsf tholids, and
that may contain such_anal ytes ipnclude bl ood, plasma,

s e FUAHOSAIRInG &N &E’ﬁ’d’ ‘i’%‘t‘aé%g’c‘ist' pop eéiogPhYsﬂdﬁElPPl f?%‘?stthétrmay

be r il.eqt . c . .
ecAF PRI ARSI PAESE . 1
whéirthet beundasordeitiag while tite methpd oflthegesent iaxérdih iodescribed in

the invention would be equally applicable to a system
whit %‘FFF?%@%&%)@F@HWB{?FPFH&@W%“ skl Psyducedibic exidption, the

[ 0004k on B6uBHERERAIY MEEOME o Sslid SREEH hOnBallEld AWt s
for 1nproving the sel Ivity of an electrochemca
mepducdibysiedhiiont hat is particularly adapted for use
in a blood glucose neasurenent system More
particularly, the present invention is directed to a
t hod L TRk OV the.sel ecti vi a bl ood .
100071, 0 o e RISTRE TP BRRRS & 4 Helioetor DoPiaifBiny selectivity of

COfi Elettkditheinal inB&sueihf Spdierd that RepaicBaty AdabRKEr ®8G€a blood
current. Selectivity 1n such systens being a neasure

of giupeseapeasinenept sysiya. JVlerearartiqulaby theawedopt mvertipngs dinected to a

gl S oncent.r at,i on, i.n . | e, of physi ol ogical

71 PR Rl ls vl e Blvpioabe e stem by
cr Fﬁ’ti@lly’dﬂr WRSIBY dodrfetbiey foul fHetdHect 6IMRE AiETBRerfBfence current.

sel ectivity thus reduces the current generated at the

woPRpettyielia seshgiystemy being apneaserecd thyf abihyenffles $ysigm to accurately

SRRy SPUERH 0 i PRS0 i

NEasd 618 foe WohBhnd¥BHcH Slhte R MitetfbNi®s Qfrrdnh CInghrbedSt of
concentration, particular, the nmeasured current may be

a salertivity thusfreduses bricuaent @enehtell at tefvearking clestrpdaipiithe presence
componl y found in physiol ogical fluids.such as, for.

e BBl etering SP R RIS 5, O oy o BB el e ize to
asgatichit€ imétedingRutrbhty Bhdimakes the measured current more representative of

the glucose concentration. In particular, the measured current may be a function of

the oxidation of interfering compounds commonly found in physiological fluids such
as, for example, acetaminophen (Tylenol™ or Paracetamol), ascorbic acid, bilirubin,
dopamine, gentisic acid, glutathione, levodopa, methyldopa, tolazimide, tolbutamide
and uric acid. Such interfering compounds may be oxidized by, for example, reacting

chemically with the redox mediator or by oxidizing at the electrode surface.

[00019] In a perfectly selective system, there would be no oxidation current generated

by any interfering compound and the entire oxidation current would be generated by
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dopam ne, gentisic acid, glutathione, |evodopa,

nmet hyl dopa, tol azim de, tol butam de and uric acid.
wEewk/ossater f eri ng conmpounds nmay be oxi di zed byPCT/GB2004/004594

exanpl e, reacting chemcally with the redox nedi ator

or by oxidizing at the el ectrode surface. [00019] In a

PerkRflioN oPALESL! ¥RvRYS! AxiddiBh Sr HitdlindSoflDounds and the

oxi dati on current ‘generated by any I nterferrng
conniting cxidhtioheugaitichiendd b dadided the piésemttinvetibd degribes a
generated by 1loxidation of glucose. However, if .
ox eeikqd reinoying spme pr Al ot hepsbierian intaderingcomnounds byyquantifying
OXi ' cUr t ' sen .
o GHCE s EA MR RLHIRaNE B BRGRlsperipy compounas

of ahdsutgfabeey thaf quantiBr fr&h ithgo wRdIPO At fonYirranta Th iphNiciBir, in a
the proportion of the overall oxidation current

gemest Bordingeoithn rreseat invgniéumpeing @desh pioip Skai inchedas digst working
%{ec&b' nr 'dtsl\éﬁgngl%m%' t}% Oe?é/c%rroglﬁz,:]t?vﬁgﬁg%texlllt&)g)te(éﬁrgfg%Eeit épp&igd and the

th
particular, acc
| N\oRIdatioM curksit BéhepatéEstteathh bf hettikink BRCHSRS if nksure used to
wor ki ng el ectrode and second working el ectrode, two
di estenanthaqrsspeativedddation capshi mapertiong foebotkitbiagluorse and
curQﬁgt&%gper%}S at each of the working electrodes is
nmedstr e SR St i mate the respective oxidation
current proportions for both the glucose and
interfering conpounds. [00020] In one enbodi nent of a
[000281 hod &eewy ehbaglimenttdie methesdatcordingtotthopresant treehtion, a test strip

strip is.used ich includes a sgnpl e chanber .

cofi et P vihls HigaheE eom o v SoE Hna 5eadg o

el g&doh® %I‘klﬁg dicRrd RS ShENRGeRh&CHEQRRe. ThERL (Vg}km glectrode, the
wor ki ng el ectrode, fhe second working el ectrode a

t heegoafl mroglniog ckekeadaraddbe mfacomedectddésyarg borepskby glucose oxidase
oxi.dase (the enzyne) and Ferricyani de (the redo

e PR EERTe) LR PTEAMBe B TP S PSR BG4 blood (e
1 ghibiolbgichll AESIs blactd ' BERLSe ChAmhe! e%ﬂx@o&l cH{i&éa%@ is reduced

oxi dase ©s reduced by glucose in the blo sanp
gehgightcbsegndhaeiclood sanagle gencFatengptlucming acidicTht glacdnleacid is then
oxi djized.by reductjion _of .the Ferricyanide to_.

Fe P RUE 7 Setoc e b g ttide Bk wentosmide o ing agsdugedredos

C OB itPR A cBRHon PRGborkioh ! i

concentr atli onf: Ac\n exa 2&05% aaﬂ :ﬂgtshtg ggtfc?%cotnﬁ%%ﬁartrlg?bén example
subf akdsestfip that smy be seitabi¢ foydisancomdihog at@rdihg tgpthe pessent

i nventjon, i he On chb Utra t strip sold by. .

L ¥’§V§E‘L¥m 1s :tﬁ%bngfouﬁﬁﬁ?’?%stesté&m ?@5 hy &3fe"%3%ﬁeln§s%ﬁ Viipites,

St CaRfor@hE Ot ShitdbesthiPs hdldRb el M ibkerhHRhh CGRIIRNR wo
01/67099A1 and WO 01/73124A2.

[00021] In one embodiment of a method according to the present invention a first
potential is applied to a first working electrode and a second potential is applied to the
second working electrode. In this embodiment, the first potential is selected to be in a
range in which the glucose current response is relatively insensitive to the applied
potential and thus the magnitude of the glucose current at the first working electrode
is limited by the amount of reduced redox mediator diffusing to the first working

electrode. It should be noted that glucose is not directly oxidized at a working
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01/ 67099A1 andWD 0 /73124 A2. [00021] In one
enbodi nent of a nethod according to the present

WO pwsntidsoh a first potential is applied to a fPEBEGB2004/004594
wor ki ng el ectrode and a second potential is applied to
the second working electrode. In this enbodi nent, the

fi eRbtreR BiMihdbad i§ ikBic8y §&diz8d t}ﬁmikgh L@iﬂg]aenxg:ﬁoi BN a redox

t he g[ucose currept'response IS re atlve I nsensitive
t omediataap i thedlepwiption of thegmesentinvention, the ghicosri@meit tefies to an

O R R oSl e SRS el s bonecnation.
di £ USbb8indeBt $MBe hlesalt iNRIEONFhELTELTREEcyahideSH R diEmediator

noted that glucose is not directly oxidiZed at a
wo rkd cagbdiPis Ithecworkileg elbeitodetbe Gestl potential diaygabge/from about 0
oxi dj.zed throu usi a redox enz dare e
e Tl Bfts to 3hopFRPUFBURS, mshnee AHErBpaEEn @bw%%ﬁtm@molts to
t hep QYO RRILGHTRE, BRE yEERR faok@prdfer bty AAY FHonk BGBE 895 to 405
r edox ned?g%or fhatycorreﬁgkgg té t%e ZFU goé@ 95 o
conténArsatdndpotdnniakin applixddo meedtondfwdrkiag pleeredit such that the second
i nventiqn where ferri ferrocyfni e i.s the redox

-k

e 8PP ingrgatenthen Hhe it ppteniy edpeatnlisd @otentigl is greater than
fi ﬁl%tpog%%ﬁfrllﬁ%epéd %&i&i@%ﬁ% %‘35@. %B%#item%opi)?k% \S?Meaarés%m

about rvolts, re preferab om about
38mwentidd whért fertidferaboiahidd 1Stherddox vaddisor Aidctaytein ieenworking
nore preferably may range from about 395 to 40

5 mV. A
seélsAgodsotherserand nosentishnpernge rgmsabesnif mglikplfo about 1000
| ec . ' s
£SO ALE Bt BRSO RRAL PREET L L 3pRBgpivors

is greater than the potential needed to oxidize the
(a%ucose. la an enbodi nent of the present invention )
[000ZRkr e f Bepquse Breradespsp Pereent dogsHiet sERese eradafigesss oalygninimally with

B R e L T W

m khbsu@tibiby equatione gluebf it 4t tHe 8t wbkidg dédrode, even though
mllivolts to about 1000 mllivolts. Because the

gl theaeentiah atdhe segord watking dleqtods és geateribpe theawtantiplat the first

T A -

curren econ

Sube hitithited loythe axidhtidrooftibRrfetinke iBpsuaas. EMtotdr Wdis, the higher
first working el ectrode, even though the potential at

t heolsaidd ptithasesdnd v akisetetestieds shogldecansara glhegsetoverpotenital current

potential at e first electpode., Thus, any,addihtjo

Cul i 35 seporR S e G 5 Pl PO ARHRL cqua

be irtdnhrifide esithle@lidose Oustdttht (RO fifsk worllifs E1eEtkdtk because the first

conpounds, h other words, the higher
potential and second potential are in a limiting glucose current range which is
insensitive to changes in applied potential. However, in practice, other parameters
may have an impact on the measured current, for example, where a higher potential is
applied to the second working electrode, there is often a slight increase in the overall
current at the second working electrode as a result of an IR drop or capacitive effects.
When an IR drop (i.e. uncompensated resistance) is present in the system, a higher
applied potential causes an increase in the measured current magnitude. Examples of

IR drops may be the nominal resistance of the first working electrode, second working

electrode, the reference electrode, the physiological fluid between the working
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potential at the second working el ectrode should cause
a glucose overpotenital current to be neasured at the

W@ e@sne4pr ki ng el ectrode which is equal or PCT/GB2004/004594
substantially equal in nagnitude to the glucose :
current at the first working el ectrode because the
fir i S t jal,are d.n.a lipnmtin .
ol BRI ERRe PR AOlcl o aPoliE of higbEpotentia
| N réaps irelle BRtnatibh of a lakgspRdtRE dovble RYACKhICE forishethe
parameters may have an i1 npact on the nmeasured current,
f oelestredpliquid e fasednpricating the iende eqnaritanse apgthiegesulting current at

he. ' d h ' f l'i gh
| e BB PR BABE iFond V5ihe oot or kg

electrode as a result of an IR drop or capacitive
effects. Wien an IR drop (i.e. unconpensated
[00023ki st afweider v dstemminetthe actudl eclgijentsbip betwbinghe gluapse! dugent

ol B R B ARl e SR
[ CREALERP D RveloB @ shititlé YRlikhNE sBLAALE AR dR I Whucose current at

wor ki ng el ectrode, the reference el ectrode, t

phyisi ssbayl warkingl eléctroe tag elso bheeferekionty alfdetmse bvapetential
and the reference el ectrode. In additign, the

ApSPEy Aty arwgtwgﬁfrﬁgapeﬂﬁ% Siyvgefhiegtionss surent and the
f oGMRbiARN eRfotéhtihPESRNt AP bE dERHBLELY AXGEIIWN

at%the eléﬁ%}odelllqui ?nterface, %ncreé@?ﬁgggkgbﬁﬁ

I oni c capacitance and the resulting current at either
the firsgworking el ectrode or second worki ng

el ectro .Xﬂonoégy In order to deternf$et he actua

rel ati onship between the glucose current neasured at
the first working el ectrode and the second wor ki ng

el ediereoteis aigludose dqeadsavyltige cffevictetpr,ad sk thehecose current at
equatjion. |t should be noted that the glucose current,

at 5}%@%@%}% %ahpaﬁ gnchrlesdf thsorluGpss caran abihe seqoad mogking

t 0cRsrAydl Ucose overpotential current. A directly
proportional relationship between the glucose current

and the glucose overpotential current nay be descri bed

by the followng equation. X XA A .G (eq ) where is_ a
lOOO&%h cose hu@b%‘a%&me tiihgeressnt wyentions Where fardfergeyanide is the
| . he. fi _ . :
9, AR Tl i U, B QBT oo
[ 0gRi2dde thay aexppiied oy thetwéent dboupd.es any abouy €Nt I®this embodiment

mherglterrL/fe[rocyanide is the o )

of the invention, higher potentials do not have a significant impact on the glucose
oxidation current because the redox mediator (ferrocyanide) has fast electron transfer
kinetics and reversible electron transfer characteristics with the working electrode.
Because the glucose current does not increase with increasing potential afier a certain

point, the glucose current may be said to be saturated or in a diffusion limited regime.

[00025] In the embodiment of the present invention described above, glucose is
indirectly measured by oxidizing ferrocyanide at the working electrode and where the
ferrocyanide concentration is directly proportional to the glucose concentration. The
standard potential (E°) value for a particular electrochemical compound is a measure

of that compound’s ability to exchange electrons with other chemical compounds. In
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redox medi ator and carbon is the working el ectrode,
the voltage effect factor for glucose nay be expected
W eoobe49aet ween about 0.95 any about 1.1. |n thPGI/GB2004/004594
enbodi ment of the invention, higher potentials do not
have a significant inpact on the glucose oxidation

curthemiethod et ink e tHeqsterntRgERoA! thé fp@feflﬂﬁ_VagPi et WA Ring

fast electron transfer kinetics and reversi 6
el dachrede isrsglested o bégreatst thandhe standaidt ﬂbt%ﬂ‘hial (&%) bsf 1he redox
| ectyode.., Because t he gl ucose current does not .
el R e T e e pe—
oi ° id to be saturated.
o T P R R e TR0 A st ot o Yy
entilociippbiod pofentidldnqrease ThusNyeih @R ofa6s pbleagh 3PMRecond

lucose is indirectly measured by oxidizing )
? erfBEVE S eagogﬁt willeotupgrrass dhegxidation abthemecont evarking electrode and

f [ ' ' ' t]. r rtional,to
{ nand AR P RAE RN 8 thd el el A5 b e o other
valfantors,onuci ag dort dxauipdd, ogldatién OGRRMRAS ¢ ged is a

neasure of that conpound's ability to exchange
el ectrons wth other chem cal conpounds. In 14the

I e ' wion,. th
(000BE} et SAEE SifEhi okt R et Abubatias drigedance of
t o apysliedrveithgs with ateatied siredd %&e%ﬁﬁ%%mf@is fe rLd¥& mediator

redox nedi ator. Because the first potential is
sefR¢sabonsisdhe whaeking ele¢teodsuPacicdasmpoint gr thatgesphtragasenbeat least

d le, th i dati te does
ot AEbefineh" SrBER e Fyeauieha Sl afier goi e napitage across
| ng MeASAs clethbde andRieVdrélte 31dh6RL 85 Q@%ﬂ&%@ﬁlg@ﬁle Rent forms

ul
second working electrode will not increase t
ox PiaRsebafl aplatore regieratdbontr400mgV bkente theapplivd vlige is

' t the high tenti al

AR B o Tt e Tt i
exangl ' ' el ' . 1.00Q26

R e P e ippl A B 0D 6 AL IO co P e gmes

t heatweisd deavse thefoxadapion efl farmicyagd inidiffustRasht@\.e. the diffusion

curgent whe ferri/ferrocyanide is the redox medi ator
antf EAPBBRIGedo theoopsing Tertere lipits s mupitade af e psiamred current
0Narddne nf BRfted BPIRIENR fgga | aent re
a current s rregs ure pén gtmécéon s{ea?% P*Zereﬁgg‘%‘f%mﬁge 311%)[%6 €lectrode).
vol tage across a working el ectrode and a reference
ectrade. Figure 3 shows that the current forns an
["0"%}43 et g‘% genfak cusent gepsrated by tharsudatio of interéemgsemphands is not
a ' : j 3 E N reater than of the E
RS by bR B e R o FoF R alpughafop R degince on
applied potential than current generated by oxidation of ferrocyanide (the ferrocyanide

having been generated from the interaction of glucose with the enzyme and the
enzyme with ferrocyanide. Typically, interfering compounds have slower electron
transfer kinetics than redox mediators (i.e. ferrocyanide). This difference is ascribed
to the fact that most interfering compounds vndergo an inner sphere electron transfer
pathway as opposed to the faster outer sphere electron transfer pathway of
ferrocyanide. A typical inner sphere electron transfer requires a chemical reaction to
occur, such as a hydride transfer, before transferring an electron. In contrast, an outer

sphere electron transfer does not require a chemical reaction before transferring an
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3, as the potential reaches approximately 400 nV, the
gl ucose current becones saturated because the

wo@iodatisoh of ferrocyanide is diffusion |inmteRCT/GB2004/004594
the di ffusion of ferrocyanide to the working el ectrode
[imts the magnitude of the nmeasured current and is

not;l.imnt the el gctrgn transfer rate between

F o clestrBh PierStort el et APt i Bt 83 e il lgwer than outer
Curspldit cleenes aherb¥edali thdy A3hir®mn AdifidHaLERkit 1 Feaction step.
conmpounds is not saturated by increases in applied

vollhggaidatien efaswerbaterto dehysireasnerbate degeerterpieoiom inner sphere

PR RO P BT Sy ISBE e B . SR o
gematddyRside EOMRGEYaniae i emAGhip K anBuks eﬁﬁer%ltetmlsﬁansfer.

enzyne and the enzyne with féerrocyanide. Typically,

i ntldefedorerige comp gorkgatbd e ind¢rdanmng cotnpotmdsrgeneraliy frereases when

Ki rge%.i cs, t %ﬁ regjmt(. gedi ators (i.e. ferrocyanide).

ThiSUBE At LPEATPINUk cribed to the fact that nost

interfering conpounds undergo an inner sphere el ectron

transfer pathway as opposed to the faster outer sphere
[0003BEct r o telaivsflep bptschmay imérfdrmgroompamndienrreft ttythe et working

i nner, sphere el ectron transfer requires a chem cal .

" o 1EEiFBF 414 45B{SFCrig E9mBRINg gk Uk fhe sseamgworking

U 3Rek6dd éaﬂ%e%séﬂbgﬁb B fol1Bw Lifdn, an outer sphere

el ectron transfer does not require a ¢hem cal reaction

before transferring an 15el ectron. Therefore, inner

sphere §/Je tron transfer rates are typically slower

t han out'et Is“p‘?iere el ectron trans{®% because t hey

require an additional chem cal reaction step. The

oxi dation of ascorbate to dehydroascorbate is an

ex silpteel Bfandnterfioring capand depérdeht voltagdhéffect €QtorS BSs thbe

l'i beration of twp hydride npietjes. The oxidation of _

fe FF@%%}% @ameyng gyrrsngaad s theinggriesing spmpowtd euemstangal

sp e t: 3 rr

ony R HREP he bRASHAL con MG vl e SHUEL BHOF T depcpgept upon

whemutnbst ofifgctats, ichidiize thepatiladr ddterféideedoatpotnd bi @mpounds of
between an interferi nggconpound current at the first

wo PRISEER BddBe mstraiabysed Sor the werlsiag Fisgiredsryralawtation of a particular

OV t S king.el ectrode .
o R oPimg Bl Rt v R A Gy MR gost s
) addyte aid sntaferingtoempind\@ afRRHImeERRDEE Bpeyididn@itn to
effect factor, is_the .
optimize the volfage effect factor for those criteria. Alternatively, under certain
circumstances, appropriate voltage effect factors may be derived or described

mathematically.

In an embodiment of the present invention where ferri/ferrocyanide is the
redox mediator and carbon is the working electrode, the interfering compound
dependent voltage effect factor ¥ could be mathematically described using the Tafel

equation for I; and I,

I = a’exp(%) (eq 2a)
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interfering conpound current, and is the interfering
conpound overpotential current. Because the

w0 niosniars ng conmpound vol tage effect factor Y PGI/GB2004/004594
dependent upon a nunber of factors, including, the
particular interfering conpound or conpounds of
concern and the terial used for the morking
el ectrodgs: ;G4 éﬁ:}tlon of a partéﬁ r interfering
compound depend t)vol tage effect or for a
particul ar system test strip, analyte and interfering
conpound or conpounds nay require experinentation to

optiJm ze t ol tage effect factor for those criteria.
At )ﬁ/ E?ma’g% Eer & heenstantdepeadipg of the specific electroactive

t It ffe t d ed or
32@%@& ik Gl leél S o oddy asetﬁta Sond petential. The
Pé?%&%%?’%%*a%ﬁ%f Bl pREHE A olbobif s no

t hempmttmtfoea:ausgltm@ﬁﬁdﬂoﬁi&ﬂ@lﬁ@@ﬂkﬁumwﬂﬁ%@] eE(ﬁLﬁi@ibns 2, 2a,2b can
factor Ycould be mathematically described using t

Tafbs|comljined iand rdannanged taryikld the follewingajuaivh, "' ecp

(eg2b) where - E, h - - E, b" is a constant dependi ng

of the specific electroactive interfering conpound, is

the first pot ﬁ%ijl, and is the second potential. The
t

val ue ofY E dxpphe—stjandard potenti g a specific
interfering corpound) is not inportant because it is
cancel ed out in the calcul ation of Ah. Equations 2,
2a, 2b can be conbined and rearranged to yield the

or SURRAT B Pt e petidte arigHhgmueabiciom e escribing the

di f b
A B L -
ff
PRS8NP U ALY o

r anglbodmmnt @ﬁihelpreieﬂtmx&hﬁbhﬁ Hﬂ@y a’zﬁgé HERT ol pfoemh{ ¥00, and
bet ween qﬁﬁge and 10. In an enbodi nent of this

i n{ORE PIGHT tieere st i 1394 d Broamembledimertentthiy oiveatgen, the
ef frﬁ&?eri‘n%%%ob{ﬂﬁaaepgﬁd&?Bgﬁ@ere?%ct factor Y may be determined

experimentally for a'specific interfering compound or combination of interfering
compounds. It should be noted that the interfering compound dependent voltage
effect factor ¥ for interfering compounds is usually greater than voltage effect factor
Xg for glucose. As the following sections will describe, the mathematical relationship
of a) the interfering compound current /; and the interfering compound overpotential
current /»; and b) the glucose current 4, and the glucose overpotential current 4,
will allow a glucose algorithm to be proposed which will reduce the effects of

interfering compounds for measuring glucose.

[00029] In an embodiment of the present invention, an algorithm was developed to
calculate a corrected glucose current (i.e. 4;¢ and 4 26) which is independent of
interferences. After dosing a sample onto a test strip, a first potential is applied to the

first working electrode and a second potential is applied to the second working
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experinmentally for a specific interfering conpound or
conbi nation of interfering conpounds. It should be
wodosm4nmt the interfering conpound dependent PUDGBaWa/004594
effect factor Y for interfering conpounds is usually
greater than voltage effect factor X G for glucose. As

t ggeét&ld'epm 103 ﬁ%ggvbﬁﬁng Yedthodd S5 st Bifrent ﬁ%%ﬁ&ﬁ%&?% be

ati1onship of I nterfering conpound current
andestileed ntthe fadlowigg equahonnd over potential current |f,
and b) the glucose current A JG and the gl ucose
overpotential current will allow a glucose al gorithm
to be ppopoge ich will reduce ef fects of
interfe??ngi%%h%aunds for neasur?ﬁggglucose. ] h an
enbodi nent of the present invention, an algorithm was
devel oped . to calcul ate a corrected(glucose curren

. t
(i veheraV7) &5 Whaiies crgrentid direlitalewerking qlentode-cbopthergwords, the first
Af t i N ip, i
o SpfifliRgesS BERGERL P uR heBte SllonPi Pord b oy
anaompseedadrapol £ Vbl specfiedlyl ihe dntederitiecodgand current may be a
wor ki ng 17el ectrode. At the first working el ectrode, a

f i ddrectonterisring parrens yeuehtlps hiepe feserbrddicreiaahoreh éd theysecond

the_fol | ow e Lon, W=A + (e re IS the
AT e S e T S L
Worgsgspoteiiall WhiSh cEAbé 8ekcribdiChy e SolBwibPeqPEsh! | on of

the glucose current and the interfering conpound

current | More specifically, the interfering

conpoungd, curre may be a direct, interfering current

whi ch hg% g-p%%scribed hereina%@%é. At the second
wor ki ng el ectrode, a second current is nmeasured at the
second potential or overpotential which can be
dewherefieds Bie sepend @irrepiviintbe sagomd working/vlegira@e, 4 mqis)the glucose
wher e i,S,the second curyrent at the.sec - working .

ol SleEpedi pitEerd i gat b RseBprdrdl dais e fdaire

at cdnhoune e0aPoRRati fitukht madddreld at telsBEondPoldnkiSl. iNBre specifically,
conmpound overpotential current neasured at the second

pothe mtcEgring\tompospa ovéipetghtial currbie mhat e 4 Pirpetdntedfampagierdnpound

tenti,al t . a D ;N feri ;
0B e has et A AL Bl Ve e bt iountt dgespibed 4
Uséqati bt eqs 8 tb QY Sh¥ch@mehin Bedkdbwns (4,6, 426, 11, and L), it is now

possible to calculate a corrected glucose current equation which is independent of

erin
< g

interfering compounds.

[00030] As the first step in the derivation, 4,¢ from eq 1 and I, from eq 2 can be
substituted into eq 4 to give the following eq 5.

Wy, =XcA;c+ YI; (eq 5)

Next, eq 3 is multiplied by interfering compound dependent voltage effect factor Y for

interfering compounds to give eq 6.
YW;=YA;c+YI; (eq 6)
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equations (eq's 1 to 4) which contain 4 unknowns (A G
I , andl ), it is now possible to calculate a
w@oroseeuesl gl ucose current equation which is PCT/GB2004/004594
i ndependent of interfering conpounds. As the first
step in the derivation, fromeqg 1 andl fromeq 2 can
be substituted into eq 4 to give the following eq 5. W
X AGHYl (eq) Next, eq 3 is nultiplied by ,
| nEery @niy kosmauadd tepeapent giV@iHeéfﬁﬁoﬁi:r(f\%lq&tm SRFAHON e 7
for interfering conmpounds to give eq 6. =YA + YI
(eq 6) 18Eq 5 can now be subtracted fromeq 6 to give
t he fol Lpw I sh ineg7 W- YW=XA - (eq 7)
Eq 7 ca%ﬁﬁaayfé%%ggpf 0&d to sol ve fdfqyﬁe correct ed
gl ucose current neasured at the first potential as
shown in eq 8. W- YW(eq ) ¢ - g EqQ 8 outputs a
c oEfldcarrdoy hesamanged tesrlveir die seerected gludose efifentH §; méasured at
i nher e S, requiri.n nly the current output of the
fi p%tér\g\txrﬁﬁ?nﬁlﬁl 5K Q?Vr‘ldag’q§nd second wor ki ng el ectrode
(eg Wand W, glucose dependent voltage effect factors
, and interfering conpound dependent voltage effect
factor Yfor ipterWerilig conpoundz. %foosl] A gl ucose
neter contai thqg efechronics is &%thrically
interfaced with a gfucose test strip to measure the
current fromWand W. In one enbodi nent of the
present invention, and 7 may be programred into the
gl Ha Sswtpnss @ corzestadaglucasn leyrrerg g whidh emotvbethe effects of

©r Dty e TR e Pl otk e WOk g eshpge and
The:cead Wokiahs @l@ctﬁ;&ﬁqleg W;Qn&‘%ﬁ,%é\!ﬂ%ﬁi@ g#%&g%ﬁ gﬂ%@%@ffe@t factors Xg

particular set of values for "a
cal dndrinteelgrihg rompound dependent voltage effect factor ¥ for interfering

compounds.

[00031] A glucose meter containing electronics is electrically interfaced with a glucose
test strip to measure the current from #; and W>. In one embodiment of the present
invention, X and Y may be programmed into the glucose meter as read only memory.
In another embodiment of the present invention, X and ¥ may be transferred to the
meter via a calibration code chip. The calibration code chip would have in its
memory a particular set of values for X5 and ¥ which would be calibrated for a

particular lot of test strips. This would account for test strip lot-to-lot variations that

may occur in Xg and Y.

[00032] In another embodiment of the present invention, the corrected glucose current
in eq 8 may be used by the meter only when a certain threshold is exceeded. For
example, if I is about 10% or greater than #¥;, then the meter would use eq 8 to
correct for the current output. However, if 5 is about 10% or less than W, the
interfering compound concentration is low and thus the meter can simply take an

average current value between #7; and W; to improve the accuracy and precision of the
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particular lot of test strips. This would account for
test strip lot-to-lot variations that nmay occur in and
W@ 2005000821 | n anot her enbodi nent of the presePtT/GB2004/004594
i nvention, the corrected glucose current in eq 8 may
be used by the nmeter only when a certain threshold is

LAl R o e BB B8 g e

t he current out put. However grif Wis about 10% or |ess

t hanpregchpay hatoaveraes Hg vd ichersothe ghitcpset depandest Vadtage effect
and thus the nmeter can sinp take an average current

val ue between Wand Wto i ove the accuracy and

Pr f6ios iXeAs feked Hiffo &&166 6 apﬁr@ﬁinﬂﬁ&y Qbudis AR a\écordmg toeq 1
averagi ng the current a nore accurate

approach may be to average VVMAth -- where the glucose

depekiwhen {03 loage Taesuatesyof @mgﬁq $ enlyatader derfpig situations where it

acﬁ?ﬁé&an Oaﬁs?gmgﬁa eveg V\gm eng? uag![a éjg g%%ﬁ Ir d&g%as gle risk of
0 nd)%rélﬁﬂa%fmg ﬁfe&ﬁdzd@u&ﬂ?ﬂ%b@&ﬁréﬁh eft 8hduld b8 nbielf Bla¥Y whBR, is

a significant |evel terferences are in the sanplé
ni $ifGeieetly griseter thek Mafbymlergecmmant (e@ abing 108%semaare), this is an

O HSRERESEFS 5 b RN SR g e
ab@by bd A8 kaBle tHBUBt at Birsr Ih§ssg$b 1&19&@&@@5 PEuBise RANE BEcABe a very

unusual | y hi gh concentration interferences. In suc

a lwgb tevel of inteyfebag dempoaislsendyocanss plrealatoverindhe avesmayef eq 8.
i nstead of a glucose val ue because a very high |evel

of interfering conpounds may cause a breakdown in the

[00033jCUr aC’Yh@folI‘éﬁm%)seﬂ:@Ml deigrised nﬂé&%ﬂbf&eﬁ%\%ﬁ %ﬁﬁbrg%lkng ewhich

describe a possible test strip e ment
ustealy bé gedtith thegpamsdd allggnthn’( bithe pretséret ipveatiomts shown ineq 8.
ention as shaF in e % re 1 s an expl oded

p g s g ypladrdperspec g? vigpr fig GFSER Waiph@aydegsediin the
! NftreRPARRAtD VERE HAP 600 Sxudts sl NaPBO afsPRH 85N & bl substrate 5.

| ayers di sposed upon” a base substrate
| allese smrleyeas aendwoatuctiyelayee 50,50 mmhatiomﬂmyeatl Bmlrebgsjle tayer 22,

AENE W T U SR T —

G%aﬁ’[ﬁyctﬁ’x%d in a series of steps wherein the conductive layer 50, insulation layer 16,
reagent layer 22, adhesive layer 60 are deposited on base substrate 5 using, for
example, a screen printing process. Hydrophilic layer 70 and top layer 80 may be
deposed from a roll stock and laminated onto base substrate 5. The fully assembled
test strip 600 forms a sample receiving chamber that can accept a blood sample so that

it can be analyzed.

[00034] Conductive layer 50 includes reference electrode 10, first working electrode
12, second working electrode 14, a first contact 13, a second contact 15, a reference
contact 11, and a strip detection bar 17. Suitable materials which may be used for the
conductive layer are Au, Pd, Ir, Pt, Rh, stainless steel, doped tin oxide, carbon, and the
like. Preferably, the material for the conductive layer may be a carbon ink such as

those described in US5653918.
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manufactured in a series of steps wherein the
conductive layer 50, insulation |ayer 16, reagent
wo 20081043325 adhesi ve | ayer 60 are deposited on PEFEB2004/004594
substrate 5 using, for exanple, a screen printing
process. Hydrophilic layer 70 and top | ayer 80 may be
deposed froma roll stock and | am nated onto base
substrate 5. The fully assenbled test strip 600 forns
[00095]5 an‘pl Ensufiioh Yiyes1 6 HRMes cﬁtG@E 1 Wﬁlcﬁ %ﬁg&‘e ngﬁﬁ%f reference
le so that i't can be anal yzed. an uctive
I aybptr@tb 10; dilrsi degklngfsmcufodmualaad sccmxdé Workmgstecbmdé(lmhich can
el ectrod cond. wor king el ectrode 14, a fjr
coRE aeted by = JaBECamAe o Ao Tmat s PG dnSbaoadiyer (16 or 160)
an t [
na%“%é’%f;‘é‘h T e TR Ak Fe LR METRG bl By o
Pt Erdeln, Inst ai nl ess steel, doped tin oxide, carbon, and
the like. Preferably, the material for the conductive
| ayer may be a carbon ink such as those described in
6539 9(5)25,}1
[OOO%ﬁECh e)i((ga e%@[ag oar Ia}gﬁé q ﬁ5§ gp 2 0%01} 5‘@{0%5&1\%353%%0 and
fi irstlation kiyegl @l &cin ﬂd‘ﬁocﬁﬁxenﬁdiﬁihspfb@élﬂ 1M&hﬁbﬁl,greagent layer 22 may
el ectrode which can be wetted by a |iquid sanple.
n otfydgichemirals,sphpsea radpx sn@fnpwd TEJF meir@tqwmwequaayxty react

yﬁﬁggﬂg§$}gﬁ?%§%§%f§kﬁ&k usdgg%l eagetwgﬁ ?%FE%EQOX

rra;ﬂa:éladjrs:a@ be deiiatad haf thied l&aﬁ)fae arasued elv@rdohRicalif st a
insulation |ayer 16. In_an enbodi nent of the present

i ngReseaonconityem can kel cudstedralixampley olbrcegratiaaiubations pr inks
as & a%Fedf‘[Bﬁu%”l%Xﬁ%E%r%g‘%a 1n%%ntx fon} mc:“"clcrilI bat fggrtl&m %ﬁg gateen{es%t ’}O\é i4)§ and

reac I's re
pr 6)046,06 prmibhamuﬁﬁenﬁhoﬂal ra@ﬁli@@l@né BOK1/6EIH9anArW OB/ 7824, all of
generated that then can be neasured el ectrochem cally

soWhithtargingpipemted oistaeraedieradh can be cal cul at ed.

Exanples of reagent formulations or inks suitable for
use in the present invention can be found in US

[00087 ent s AGhddive Agef @Hﬂclﬁd&“fﬁs%empé'gﬂid 28econd adheswe ad 26, and
i nternational applications W01/ 67099 and W01/ 7 i)
al thirgradlapsiehpak 28. i Heoidrordgeeaf fisst adifesive pad 24 emésen;ond adhesive
228&91?’ Zél %hgs%}])\égeir{/g r%é%c%géayglg ga%% c{ehng g Waa ho aI s\ellr%ppeargceiving

sec 0 n
chamber. In an embodiment of the present invention, the adhesive layer may

comprise a water based acrylic copolymer pressure sensitive adhesive which is
commercially available from Tape Specialties LTD in Tring, Herts, United Kingdom
(part#A6435).

[00038] Hydrophilic layer 70 includes a distal hydrophilic pad 32 and proximal
hydrophilic pad 34. As a non-limiting example, hydrophilic layer 70 be a polyester
having one hydrophilic surface such as an anti-fog coating which is commercially
available from 3M. It should be noted that both distal hydrophilic film 32 and
proximal hydrophilic film 34 are visibly transparent enabling a user to observe a

liquid sample filling the sample receiving chamber.
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third adhesive pad 28. The side edges of first

adhesi ve pad 24 and second adhesive pad 26 | ocated
w@oposaoerts t o reagent |ayer 22 each define a waPCT/OB2@4/004594

sanpl e recei ving chanber, h an enbodi nent of the

present invention, the adhesive |ayer may conprise a

b li ol yner pressure sensitjve

0008} o< v A3RAmER B iR ATy B S A Bp R SRR Top laver 80
SpeLdighdst®en hddadhRreliitb BYdropflicIaydr0! 88 ASloAAHA e example, top
(part A6435£. [ 00038] Hydrophilic layer 70 inc u§es a
di $avat 4Gandy be hipblyestpadi Stovddibe potest ﬂmhthelhym ipphiolni 3(760spgﬁtantially
34, N-lmiti A , drophilijc | ayer e
> ot BRI i R Aol eblocvialin cauli hat the

. . . L . )

gr'\‘/l%iufl{ﬂ@%&ﬁﬁ‘ﬁ M3l Sl GRTRING. ﬁgéaglué‘ﬁ%oﬂ %Eﬁe}‘ﬂé% user

shoul d be noted that both d rophil
f i lohse3% ahigh gegreé ofitontmasi tmphedn xcdlodethflBdd aich ay,i foi &taynple, blood

transparent enablin user to observe a |liquid sanple

£ 1 PRERGDE RemRlE Ao e Samies gog i apaAYe Sefiomotibp topaim.

| ayer 80 includes a clear portion 36 and opaque

portion 38. Top layer 80 is disposed on and adhered to
[000H9Hr ophFiguce 2 Byesimphfiedschematio showing iangetexs0WihRrfati@p with a test

Iayer(ég be a polyester. It should be noted that )

t hariP @8y E\rg%?ftﬁ%ﬂla% s plestrpgl confagtsdhat fompan plegixicateronnection to

h s visual |

oMU ipE oL Bilond bl B MAREC LE atl Jfffende cectrode 10

suld partienid pnhédidreld] dopacpieydltiEt seitch edPH ABEwbikelg electrode 12,
observe a_hi gh degree of contrast between a col ored

f | GPRRCSgE h0Zeonneefp valiagesonrced 0d del seond Mﬁ’ﬂti?& elﬁamdeem and
Iy i the to
AP PRT 0 B SRR L R e

shod Mhea peEb®@iing @ @est, Nodaf@siune: V03t ndetérSU0 apbliéda B2Ppotential
Meter 500 has three electrical contacts that form an

el Ecbstvean fisbiredng elgctresier i2rand referaicn gleetredst Hoahd vidtage source

se [ . 4. and reference.el egtrode

2o FOR Sl K bQDaEbBERAANS tre el P ERE FUBES 18 poforence
108lettpodei 10S tA ydiile BPblRLE 63 dpptied ddch tAMECHSkinkdectrode 12,
connects voltage source 104 to second wor ki ng

el gepndwerking elaciradsridpandrsinercesiectiode ¢0 mesovered wiithdgeod. This

f trode . .\ .
o erSEs s B A0 e L BV R Eh ek frigGenide in an
apphbes poporticiial pothe Bhicate Qﬂ%ﬁﬂﬁﬂ%ﬁ%ﬁi&é EorMfRuhliRBncentration present

el ectrode and reference el ectrode and voltage source
in the sample. After about 5 seconds from the sample application, meter 500

measures an oxidation current for both first working electrode 12 and second working
electrode 14. In a meter according to the present invention, the values of E; and E,
are determined in accordance with the previously described method and the
algorithms described herein may be used to calculate an analyte current in accordance

with a method according to the present invention.

[00041] In the previously described first and second test strip embodiments, the first
working electrode 12 and second working electrode 14 had the same area. It should
be noted that the present invention is not limited to test strips having equal areas. For

alternative embodiments to the previously described strips where the areas are
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104 applies a second potential between second wor ki ng
el ectrode 14 and reference el ectrode 10. A sanple of
whb@sem43485 appl i ed such that first working el ece€Da82M2/004594

second working el ectrode 14, and reference el ectrode

are covered with blood. This causes reagent |ayer 22

to | Lr ' I

SREFATS LA Sl B SPEREER! 35l BRRY AT

C OBpeiuselthe@narent dudiit 49dipscely @rdpoktiorah® HadBheterndd twithin Equation 1

about 5 seconds fromthe sanple application, meter 500

netesEquEtion § neR ke vwis of mppwes (corrend phinf dnaparesper kipiigrea (i.e.

el second working electrode 14. h a neter

ac%%%%?géﬁﬁgﬂthe present invention, the values of and

are determ ned in accordance with the previously

descri bed nethod and the al gorithnms descri bed herein
[000d42ly be Lizdl beaceapnized shas canvalenisyrmeturasmaayrhe substituted for the

" RIEREE bl B TS Rarra A el BgideSiefid GERopigpent of the
ANghvEREANTE nbefk ohly SRR A cHRHyShe é(r)x@go;ﬁédr@timmmnﬁ fhe claimed

el ectrode and second worKking el éctr ad the sane
ar swentian. hadditiorpét shotkdbetunderstopd timt esamistriectuentdsaibadsibove

nof limted ta test, strips havin al areas. Fo .
o b i eviireRan PRt et anery s dunepogning that
St fnRGo\ R Hle PREREEARDA IR RS OF i8Nt inbaﬁio%q{a;'vs Bkﬁl shown and

out put for each working el ectrode ‘'nust be normalize

f odesaribal hdBeinait sall bh ebeions @rthoseiskiilet in thedirt éhat $ugh embodiments
proporti.onal to area, the te within Equation 1 t

R roHH ey oBel PrmAY b0y.oNoRpp ST eHPpAg &
aAMRRsERBRE wHhw &R 6 hof skildhif Ble #ERRhIMdepdrtindion the

be recogni zed that equival ent structures naya%e

substatiant dtisfomid bdrendetrstomt thatemriohs alstrnaives teathd embodiments of the
descri bed, herein and that the described enbodi nent of, .

t hEVPRRRR Asseribadshergip may e&mpﬁoygg A BrGHEngHICIRVRtpnp &t is intended
e O Forl Rvi BRI LG LS ' I | |

TS oA FRLATE T S YR 30 Qe
absmetireswithinuthe s¢ope ofi tiebss daimssdniduhéitiequicaentbbe covered thereby.
referred to as a nmeans for perform ng that function.

Wil e preferred enbodi nents of the present invention

have been shown and descri bed herein, it wll be

obvious to those skilled in the art that such

enbodi nents are provi ded by way of exanple only.

Nuner ous vari ations, changes, and
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substitutions will now occur to hose skilled in the
art without departing fromthe invention. It should be
wap@ensedd that various alternatives to the PCT/GB2004/004594
enbodi nents of the invention described herein may be
enpl oyed in practicing the invention. It is intended
f.phl.eawi ng clai ns define the scope of the
VVH%ﬁngﬁﬁgﬁdgﬁégthat nmet hods and structures within the
scope of these clains and their equival ents be covered
t hereby. 23WHAT IS CLAIMED IS: . An inproved neter for
1. Amnpravedeetgefos use inrtho fletestiinyafasalytea) sdidmaeter comprising:
co ising: ,a first connector for necti ng. sai .
ool tof bR R Bt e ST ik Hestrode pp gaid
a secongese@ppector for connecting said neter to a
second wor ki hg el ectrode on said test strip; a common
c olrfseangr conpectonfomeohierting ahid meteeto b ceand ef@kinceectrode
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said second potential has a magnitude greater than said first potential.

3. An improved meter according to Claim 2 wherein said meter measures a first
current value at said first connector and a second current value at said second

connector at a predetermined time after said test strip is inserted and sample applied.

4. An improved meter according to Claim 3 wherein said meter calculates a corrected

value of analyte current using the following formula:

where: A; is said corrected analyte current; W is the current at said first connector

measured at said predetermined time; W, is the current measured at said second
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W- TWX - Y where: Ais said corrected analyte

current; is the current at said first connector
wore@ssads at said predetermined tinme; is the cRCT/EBR004/004594

nmeasured at said second 24connector at said

predetermned tine; X is an anal yte dependent voltage
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and Y is an interfering compound dependent voltage effect factor.
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