WO 2005/ 045415 PCT/ GB2004/ 004594 A METER FOR USE IN A METHOD OF REDUCI NG

| NTERFERENCES | N AN ELECTROCHEM CAL SENSOR USI NG TWO DI FFERENT APPLI ED
POTENTI ALS BACKGROUND OF | NVENTI ON [ 00011 El ectrochem cal gl ucose test
strips, sWP25M4HbSe used in the OneTouch(r) U tra(r PCREB2B040688 t esti ng
kit, which is available fromLifeScan, 1Inc., are designed to neasure the
concentration of glucose in a blood sanple frompatients with di abetes. The
measur enent AMETER FORUSE IN#sME THODOF IREDUGING INTERFPERENGESINANg| ucose by

the fl avoREQTROCHEMICHAL SENSORUSING TWO DIFFERENTIRRPIAED ROPERTIALSE becomes
reduced. The enzynme is re-oxidized by reaction wth the nedi ator

ferricyanide, which is itself reduced during the course or the reaction.
These reactions are sumari zed bel ow. D 3 ucose + GOx(om d uconic acid +
GxatED) GXx,.) +2Fe(CN)63- - GOx(ox) + 2 Fe(CN)64 [00021 When the reaction
set forth above is conduc BACKGROUND IPINCENTHONent i al bet ween two

el ectrod n elegirical current ybe created by the .. el ectrochem cal
re- oxi daﬁﬁ%orﬁof thgfefté?fgslgﬁ%‘é‘f‘)ﬁ?%%ﬁg?ﬁ’ %‘F@P?@‘&%‘ﬁ?(g&ﬂl%t the el ectrode
surface. ThusOnsT&RE® Ultha®aihdlésladd Rititigkanwhith is dvaRatdeRuRLiffScaher ri cyani de

created during the chem cal reaction described above is directly
proporti onal - erpcdegignesio measye thegercentiationeof ghiepiedn p blaod sempde bet ween t he

el ectrodes, t CUf: . H:g Is t gl ucose

content of t%gms%%'ﬁg&mg\%%gé%%ieﬁlg\é\?a o??g%t%g%ﬁgé&f%%%ﬁ % is a conpound
that exchangepgecificaxidation obglissseby the fladwngnie\phrosimidaas Dlndagslds oxi dase and
an electrode. As the concentration of ucose in the sanple increases, the

amount  of rem’%@@mch%?@&d‘ﬁego N ERE BI - : ,by_trﬁé?t@ni s a direct
rel ationshi'p JREWEABISHE feﬂﬁ@ymﬁ@é%hﬁdhﬂiééiﬁ@}lﬁc@@dﬁﬁigﬁﬁb ERkric08r ik " educed

medi ator and glucose concenfration. In particular, the transfer of
el ectrons acr osstiathélhegd readtiong artk simmanifeddelomesul ts in a flow of current (2
nol es of electrons for every |

D-Glucose + GOx gy, > Gluconic acid + GOXggp)

GOX ggpy + 2 Fe(CN) - ——— GOx,g, + 2 Fe(CN)gH

[0002] ‘When the reaction set forth above is conducted with an applied
potential between two electrodes, an electrical current may be created by the
electrochemical 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 and 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



WO 2005/ 045415 PCT/ GB2004/ 004594 nole of glucose that is oxidized). The
current resulting fromthe introduction of glucose may, therefore, be
referred to as the glucose current. [0003] Because it can be very inportant

to know ”Wo?ﬁb%?sﬁisr ation of glucose in blood, parti CLH(ﬁI/(l;ﬁ(zo? Qéggpl e wth
nme

Di abet es, ers ‘have been devel oped using the principal's se orth above
to enabl e the average person to sanple and test their blood to determ ne

t he gl ucose congeniration at an [ven tinme. The _ducose Current generated
i's nonitored B§P'¢Resiiease aaﬁd)xsﬁw@irﬁwu{rmtaaﬁnsé@m 'ﬁa ifodyrctieBse
concentration olftgu@&eq,n@l;%@fo£|&%feﬁmota§ﬁ{egjﬂo§é§§mﬁyrI‘ent to glucose
concentration via a sinple mathematical formula. In general, the neters
work in conjunction with a disposable strip that includes a sanple chanber
and at | two elgectrodes disposed within the sample.ch er in addition
to the eﬁ@@@ (e. g oGTHE G <A &Y%&EBW&W&" ol eoclpn‘%gé%t.m"fogg]}“é‘ifﬁni de). In
use, the user jPblobl, a}ti'tﬁidi-lyfiﬁﬁ&gﬂleﬁﬂhmabaés,ﬁf&‘ét@liﬁve'béexﬁdeﬁvelob@di nduce

0

bl eeding and introduces a blo sanple to the sanple chanber, thus starting
the chenical uiagéha pincipals seblorth abeysie enaplydhgverage persen fosamaie and terns, the

function of t | | f. St |k ' (o} I zi ng
vol t age (appr g%‘lt ﬂn%bﬁ%&dgog?%[‘j% ﬂﬁeg'fdgg%eéo%{ m&%ﬁ}%ﬁ?ﬁéﬂ %Pfgr a (!r;)) t hat
pol ari zes t he Glhesst Cufraht geniérated darromitoctddlyltimwmetetandenhvdriedintata t he car bon

wor ki ng el ectrode surface. Secondly, it nmeasures the current that flows in
the external d&F3ding ef ghcoskeamcentationBung g Meickrlaertbmdbat reatey custentiie cat hode

(reference el ol afohoertioiGhalsi B malhBRhELOT AR, GRBGIeARNEE Lo De a simple

el ectrochem ¢ systemthat operates in two-electro node al t hough, in
practice, thi moetemssorieinaonjupcianwith adisposahds stripytiatingbides a sanfpdei | it ate t he

measur enment of . gl ucos nd/ or perfarm.other functions, in the neter. [0005]
In nost s tuat°P%H.?raPﬁ8ﬁ§3ﬁ§gW? @ﬁc%océ)ltesﬁlm"ts ‘5‘6‘89 elsgmgl&fgmg?xéldn to be a

suf fici ent appidaon s iheenBimd 8. £la6d¥k 6AlasePafdirh&iatérakigNBnilyaariepn t he test
strip and the neter reading a sufficiently accurate representation of the

gl ucose cont dausethetuser pricks they dimgpror ofhevwopsenieny siteto induce hlaeding cunst ances
and for

and introduces a blood sample to the sample chamber, thus starting the

chemical reaction set forth above.

[0004]) In electrochemical terms, the function of the meter is two fold. Firstly,
it provides a polarizing voltage (approximately 0.4 V in the case of OneTouch®
Ulira®) that polarizes the electrical interface and allows current flow at the
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 maybe advantageous to inprove the accuracy of the 2 WO
20051045415 PCT/ GB20041004594 neasurenent. For exanple, where a portion of
the current neasured at the electrode results fromthe presence of other
chemi cal s Qo Ssaapaypds in the sanple. Were such additiq,?q.}cﬁt]&mo&%s or
conpounds are present, they may be referred to as interfering conpounds and
the resulting additional current may be referred to as Interfering Currents

[ 00061 Exanpl es_of pot i al | nt.erferi m’ ﬁﬂ! | . e npounds found
in physi ol ogi & g;EOgE’&E?YPA% e{)eoadpo[rﬁ%{%y geng?l%?séneflﬁf@’ref ering
Currents in téectdessaReioah tikpréeptiofiothat cHetmitalt) oricomipualals asther bat e, urate
and acet am nophen_ (Tyl enol TM.or Paracetanol). Onéasf mechani sm for generati ng

Interfering CifpdhtWhesg sugh addibionsl cheraigals o1 comproppds a5e Preserb theyepd he
concentration A Wefedidl Buipdusdseh@ o ?@éul‘tfrl laditioBal tgl ucose neter)
I nvol ves the o%rgg%egn %]T one or%resi ntere eri nggL&gorrpou%gg@rby reducti on of
t he enzyne (e.may b efasd to axdnttefenng Crémty t her nechani sm for generati ng
Interfering Currents in such a neter involves the oxidation of one or nore
interfering conpounds by reduction of the nediator (e.g. ferricyanide). A
further ”Plbh@]“' SM f RfamfIQNE pakehtitly itb#éring chafichls (& BéMphindSfbuhd @ Meter

i nvol ves the oxidation of one or nore interfering conpounds at the working
el ectrode. Thughysiolagicabfluids sush s blerd thetway generste Intecferipg Chmepteinect rode is t he

superposition of the current., . rat ed by oxi Lon qof th | yte and the

current genera@ggreﬁflnc(g)?fﬁréaf’%ﬂg%?gld? cg’?i?ésrcf’ Sgt ﬁ%oaﬁﬁagéa@?@]%i on of

interfering co BI® of R¥REtAnd]E SOMd medhhnibil 6 R érbidil Mtdrferihhie enzyne, the
(I ¥ gfieraidip g

medi ator or may occur directly at the working electrode. [00071 In general,
potenti al | y i nferenst inng elestipabaming] maisr fos measuging ghe cencanfrationf@at r ode surface

and/or by a re | re IThis .oxjdati Q ' Falel npound in a
gl ucose rreasur%%é’r%?g’g‘{ elﬁ%oglézgls@slgﬁggﬁ%uggﬁrééﬁg‘@%dgg{e?%%&turrent to be
dependent on beidortnhste glterfeping camnpodndeby reldestio lof the eppyimo(edglucose

oxidase). A further mechanism for generating Interfering Currents in such a

meter involves the oxidation of one or more interfering compounds by
reduction of the mediator (e.g. ferricyanide). A further mechanism for
generating Interfering Currents in such a meter involves the oxidation of one
or more interfering compounds at the working electrode. Thus, the total
current measured at the working electrode is the superposition of the current
generated by oxidation of the analyte and the current generated by oxidation of
interfering compounds. Oxidation of interfering compounds may be a result
of interaction with the enzyme, the mediator or may occur directly at the

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 measnrement 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.



Therefore, if the concentration of interfering conpound oxidizes as
efficiently as glucose and/or the interfering conpound concentration is
significantly high relative to the glucose concentration, it may inpact the
measur ed OlwBeeER4ssgONCENt rati on. 3 WO 2005/ 045415 PCT/ ORA0EBZ004)ebas»¢ [ 0008]
The co-oxidization of analyte (e.g. glucose) with interfering conpounds is
especially problematic when the standard potential (i.e. the potential at
whi ch a compound is oxidized) of the interfering conpound is simlar in
magni tude to the standard potential .of the redox nediator, resulting in a
si gni fi caiP08jor t i oTheto-vridizatioreof amnkytede gRlncase)twilleintegferisger at ed by

oxidation of the intetrfering, congounds .at th r.King,. ctyode. Electrical
current resul PREOFISH Fhes %?'ipaé@?’g lcowh?ﬁeeﬁ?@?%ﬁd@@teglga)@& at the working
el ectrode nmay faenfifabwhRH alcompsurd ik 6LidiZed) SleinRiEtnEetmihdid t woul d,
therefore, be_ advantageous to reduce or mnimze the effect of the direct

i nterference similarémmagnitudpéo the siendasdpotentisl obtharedor medigtanresaltingn. Previ ous
met hods of reducin } i e i r ' . rrent include
desi gni ng testmg?‘lgigigg'{ttpﬁléqomﬁrqﬁ/ee'”Frlfﬁggeﬁlﬁﬁtgﬁié&g%%ﬁ%&nds from reaching

t he wor ki ng elogidatioler the iriétfering dombighde at the woikimgs dletrotid1cEldetriest i nt er f er ence
current attributable to the _excluded conpounds. [0009] One strategy for

reduci ng the é?lFé@tT%S“BPgiffﬂ‘%ﬂlFé’F‘idlﬂo%?ﬁﬁwm QoppPundsah theraaking, oct
interference %Wc&@élatcfxéé)sbé &fe?ﬂeﬁ?@a@di{}gﬁﬁ{eﬁ\é&hé’e &BRAISOwHRENEGREoreON tOP Of

the working electro As one exanp a sulfonated tluoropol yner such as
NAFI ONTM may lhe agvantageous\te redube onwinkmizg thel effectrof de dirsctristeeeread¢ negati vel y

charged chem cal s., | ener al inpterferin onpound i ncl udi ng
ascorbate and Wﬁ?té’?rhﬁegwgasar%g{?ﬁ%‘@ly&@w&@?mﬁd tr‘?q‘g%u,s ‘riréod&??lc uded from
bei ng oxi di zededicidgh® eMRidating AR fitérRikéhc¥b@rent ielude BésiGindiest IShgpsor ki ng

el ectrode is covered bé a negatively charged nenbrane. However, because

sone i nt er f er ithal peey serfesing horapovmdefremireashing the werkingslechiedat i vel y
thus reducing or eliminating the direct interference current attributable to the

excluded compounds.

[0009] One strategy for reducing the effects of interfering compounds that
generate Direct interference current is to place a negatively charged membrane
on top of the working electrode. As one example, a sulfonated fluoropolymer
such as NAFION™ may be placed over the working electrode to repel all
negatively charged chemicals. 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



charged, and thus, can pass through the negatively charged nenbrane, the use
of a negatively charged nenbrane will not elimnate the Direct interference
current. Anot her disadvantage of covering the working el ectrode with a
negati vel ngt}%s%ggjugrenbr ane is that comonly used redoxpdBdbRbsieasessuch as
feni cyani de, "are negatively charged and cannot pass through the nenbrane to
exchange electrons with the electrode. A further disadvantage of using a

negatively ch - [ ' potential to 4
W0 20051 04541 e CREOA St Bt dnctick O o b BeBrdd e B0 201 i o
t o the worKi ngnékssirig thel est tifes A furtloar dizsdvagtapdiel dsingta deigarively'chiatged her

di sadvant age of using a negatively charged, nenbyane over the working

ol ectrode |s tREmpHES gvRs dip wﬂpage@iwﬁeag CANPAILCRPIR A CKRABS g t he t est
strips with a JooahibRidhe ORIV AR gt OdnpRBtAer Strategy that
can be used to decreaase Fhe e?f ects of Dgargg%%%terferi ng Currents is to
position a size selective nenbrane on top of the working electrode. As one

exanpl e, Dal ton si ze exclusi on nenbrane such cell ul ose acetate nma
be g})acedﬂlgégﬁa t he ‘Wﬂﬂ%rﬁ atgpy tr‘iflageflﬁfq&’(g?cﬁ e'll!"&?ﬁ%gtﬁﬂ Teiving a g
nol ecul ar wei giiterfafif@Cafredtd Bo pOGHERY sigd Welective théhBranébPRPioraRt , the redox
enzynme such as gl ucose oxidase is positioned over the size exclusion

menbr ane. G ucwerkingelegirode. gAnencaxampley el  Yfasltonsizeeixelusion membraae pr esence of

| ucose and ox n,” kN, an nt t Q.1 h S ncentration.
?t shoul d be n%]gﬁas ?61%13%0%8F%ﬁggaﬁﬁé&%gégt&%%xwgnéﬁ egfx’cq)}rogg oa%éﬂu%g nol ecul ar
wei ght gr eat ercontpaindsihvig 4 olecularekight yreatet tham 000 Dalihs! i hisgh  t he si ze

sel ective nmenbrane. Hydrogen peroxi de, however, has a npl ecular weight of
34 Dal tons, an@nhadiment the redex enpymesygihasghecoss oxidase fspositigaedieyebgne. I n

general , nost | r RaTo ool : ' .qgr:eater than
100 Dal t ons, aﬁ%tﬁﬁlgi?)har e e%ﬁgg)sgra%%sgg%ﬁ%@?%bgl{a&ltdﬁ’elﬁeI ectrode
surface. Si ncethepresericabé glueoseragd ovypen,Lin s athene peopattional totheegludoaes wei ght s,

and thus, can pass through, t si ze. sel ective nmenbrane, the use of a size
oncentrat%n. shoqu be noted tiat ﬁucose and mos re%ox mediatfors have

a molecular weight greater than 100 Daltons, and thus, cannot pass through
the size selective membrane. Hydrogen peroxide, however, has a molecular
weight of 34 Daltons, and thus, can pass through the size selective membrane.
In general, most interfering compounds have a molecular weight greater than
100 Daltons, and thus, are excluded from being oxidized at the electrode
surface. Since some interfering compounds have smaller molecular weights,
and thus, can pass through the size selective membrane, the use of a size
selective membrane will not eliminate the Direct interference current. A
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



sel ective nenbrane will not elimnate the Direct interference current. A
further disadvantage of using a size selective nenbrane over the working

el ectrode is the increased conplexity and expense of manufacturing the test
strips mﬁtamﬂmé#ﬁgﬂ§elective menbrane. [000111 Another si&tagsfyoddat can be
used to decrease e effects of Direct interference current Is to use a
redox nediator with a |ow redox potential, for exanple, a redox potenti al

of between about - 3 .+ 100.. | el ectrode).
This allows t h%&%xprﬁf&g@ép%atggﬁﬁrgﬁ%?%y {oﬁm\f}\l%xr ﬁcﬁ%{{aﬂenl%egg rg%)[g]gﬁlt 0 be relatively
| ow whi ch, i n Bipyridyl daaplecseierrbéone dedivatiats, wid @linonerdesivdtives.ng conpounds are
oxi di zed by the working el egtrode.. Exanples of 5 W) 2005/ 04 5
PCT/ GB2004] 00489%ever.dgenx meshitars %‘nﬁaﬁqp ef,ylpgqufqn\t} gep %‘1?@%5& pot enti al
i ncl ude osm U%angﬁééi&)ﬁel ER\B¥86le ah EfIRAGEYInddRbly/at i ves, and qui none

ver, ‘redo

derivatives. Ho x“mediators having a relatively |ow potential are
often difficult to synthesize, relatively unstable and relatively

i nsol ubl e 012] Anoiher strate t hat, can be used.to decrease the effects
of int erf@rﬂ?jﬁ"g cor&‘ﬁ&ﬁé‘?@gxtgaﬁfgébﬁwe@”éﬁ < Cﬁsﬁg‘f‘g#eﬂﬂ%tion with
the working elgslonfdsis tol i a%hﬁﬂﬁélemsm&ﬂ{@bﬁ&mmmorﬁhgctrod_e may then
be subtracted fromthe current neasured at the worki ngbegl ectrode in order
to conpensat eelg@yodeh@heévreent messuradat thedembureleprodomepiheade | f t he dunmmy

el ectrode is ba L€, t covered b enzy.ne _or i r), then the
current measu %ﬁaé?dﬁﬂlg u ntg g%s r% gﬂ‘\?ﬂ‘ﬂfﬁﬂée’%‘r’%‘% ?@%a to the Direct
interference Ceynipentat@fid it dfetitstithdigtereing tonigihdyraagierdagmat t he dummy

el ectrode fromthe current neasured at the working electrode will reduce or
el i minate the dpgteade ivhare (€. vt caverediyy apanzrnRe of mpdatap); ben g cBfRlounds at t he
wor ki ng el ectr f ?{W 1 ' g redox medi at or

t hen the curre%tggsr%égsaﬁwégh% the 88%1:)@?%1]8??%%@&%9%@%%0? conbi nati on of

Di rect interf einenfeeencel cureent amdsibiradtiag fler curest measured it the dutyng f r om
reduction of

electrode from the current measured at the working electrode will reduce or
eliminate the effect of the direct oxidation of interfering compounds at the
working electrode. If the dummy electrode is coated with a redox mediator
then the current measured at the dummy electrode will be a combination of
Direct interference current and interference current resulting from reduction of
the redox mediator by an interfering compound. Thus, subtracting the current
measured at the dummy electrode coated with a redox mediator from the
current measured at the working electrode will reduce or eliminate the effect
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



the redox nediator by an interfering conpound. Thus, subtracting the current
nmeasured at the dunmmy el ectrode coated with a redox nediator fromthe
current neasured at the working electrode will reduce or elimnate the
effect of WwdhRoedhsispat oxidation of interfering conpoundgcaieBbdiReRdd ect of
interference resulting fromreduction of the redox nediator by an
interfering conpound at the working electrode. In sone instances the dummy

el ectrode may al so b coated i t.h Lnert nrotein or deagti.yated redox
enzyne in or dev?'orl%élgs eﬁﬁf"i‘i’ m?&es%?efatg%t‘"'a' v teﬁegné(ged%qo?fecd’f %ﬁé‘?t\{%ﬂd enzyne on
di f fusi on. Beaaat&galiok miaferiaRl(€Eceadd medibtor) wigd differ frif themstedalsmal | sanpl e
chanber so that people with _ _diabetes do not have to express a |arge bl ood
sanple, it naylsﬁgto qouer thewarkingse ecteode (e-g-Fedogaredigiorapd cazMQA e ode whi ch
increnental ly j.acr t nanh . I Bﬂ'ﬁ& ra el ectrode
is not used to avglg?lgﬁsfeh&gﬁmaf\%%oges(ce.g.ag?d/ugorge SFur ther ‘,ﬁn?ﬁerray be
difficult to dffeetcdfligterfeningdonipeubdsan acaultipla workisgseledrbda sysddoe ndynmy el ect r ode
to interference currents at, the 6.\W0,20 05/0.4 5 4 1 5 PCT1GB2004 /004 5 94
wor ki ng el ect r‘B‘H@?SGIQ?%%ST%P,d@W?@WHEWW@?%W%y be coated with a
material or materials (e.g. redox nediator) which differ fromthe materials
used to cover the working electrode (e.g. redox nedi ator and enzyne), test

strips whi0§fl3]se dCanpintesstripodteignsiwhizh milizeguliiplerveatkiog elgctwedesta i nati ng t he
effect of interfering ¢ ounds in . a muli.iple Ki | @Cirode system may

i ncrease the %Wurfﬁgmg%%cgff sﬁ%ﬁ?ﬁ#’ﬁ@?eu??%ufm&ﬁfugﬁeﬁ p. [00013]
Certain test shédshreiRat §8@mMe 8dVakifabédug Bedibéd thdhR ofw iwdgkigg ect rodes to
nmeasure anal yte, such as the systemused in the OneTouch(r) Utra(r) glucose

measur enent s yaecedes: dn gachastansstiwondcthers®re, he adraatageousfpdeysiopiang

el ectrodes. | i , . he s to devel op
a neter for l’}gé&\%ﬂ{ ﬁyes%uglggﬂcgé‘%ﬂ é\@#; % lglsth% %ﬁgﬁégélﬁe&] lﬂlg- 5%%%§$Qée%&unat ing the
ef fect of i ntiatetfering)compoupds ndere Pilbtiotlaplyy it woullddelagyantdgevsitbd be

advant ageous t devel op a neter for use. with, such strips . in _feducing or
elim natg ing t vglppééqetgf for use v%th such stqupsinre ucing or eh'mgna ing the effect g

of interfering compounds without utilizing a dummy electrode, an

(

intermediate membrane or a redox mediator with a low redox potential.

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



of interfering conmpounds without utilizing a durmmy el ectrode, an

i nternmedi ate nenbrane or a redox nmediator with a | ow redox potenti al .
SUMVARY OF INVENTI ON [00014] The present invention is directed to a neter
for use in“q) fj‘ reducing the effects of int erfe{,bgg;ﬁm@gms in the
measur enment o ana ytes and nore particularly to a metho reduci ng the
effects of interfering conpounds in a systemwherein the test strip
utilizes two n . r e gfgm e present

i nvention, %f @E&n"‘f)f H"E gfab(?déﬁgﬁr}e@%gersaeregﬁcngﬁa e?%éggﬁ » mg;sukf{:od where a
first pot ent| ahe a@lﬁapdmoeﬁhdtn)nahf@rreﬁnbodmdm M@ﬁ’sewbﬂcﬁxgeelémddaaﬁecond
potential, having the same olarlty but reater magnitude than the first
potential, is SEpdiverking elgc %%H%VWF‘HEW’%FBWC*‘ 9% ude of the
second pot ent i by kBl S0 alyth SEisleh The GRE et 2 B Yt

PCTI G82004/ 004594 f| rst po?}étntl al forean 8 n@ﬁ V\ﬁere 21 reducti on
current is usedoﬂcmgmmdeistsblectahmcyﬂata@sméﬁmmmtmwnd:zlemedmeiedduodi ment, the

first working el ectrode wor Ki el ectr.od yvbe . covered with an
enzyne reagent™ ‘éfﬁ?f ?%@ﬁﬂﬂ%ﬁ@ﬁﬁﬁ bﬁgﬂ’:ﬁﬁg‘fo?pgogﬂ%l? pedectede £ 1 st _
potential applto@dvd Lrbffindde (i5. absoRitdkVdhet) @leatet fHaf ehd Hagfiugs bMe Geh that it
is sufficient to oxidize reduced redox nediator in a diffusion I|mted

manner whil e tpmbmltmmmmomefﬁ@e@axwvemof elothp second wieddrg t ude (i .

absol ut e val ue at the first t|aI -
resulting in aélr{%lpg |C|eg]ﬁf)El SRyt o Vgrf’ Fﬁlérrenég%?ﬁdng% eI ectrode.
In this enbodimemsk atQIfle fiRewbrkiR Hldcabde ﬁlbladesahraﬁﬁl@termﬁemr&d myrﬂ:rhg met er at
the first working el ectrode_ includes an anal yte current _and_interfering

conpound cur r ePERRARG W%WB{]J? the grrrept megsused ﬁtthecf’ﬁéo@e\‘f%fﬂfw&/%?c@% el ectrode

i ncludes an a \, toq,g{y conpound
over potenti al ng&?ﬂ{l%n%%aﬁﬁlﬁfé ho %h%?g%ﬁgfggén@%g @%&Hg%%]géﬁémgurrent and t he
anal yte overpoct\&rpoitmltiammenhtltﬁxouldheeik)mdthatﬂwanalytemmtremmﬁth@rresponds to

h nal yte co ntratio nd t e current ares f a reduced
J;regi a? O? y alcy?e overpotenrt}af1 currentkb ? to a current tha{S correspon%s to 816

analyte concentration and that the current is a result of a reduced mediator
oxidation. In an embodiment of this invention, the relationship between the
currents at the first working electrode and second working electrode may be

defined by the following equation,

W, - YW,
A="¥¥

where A4, is the analyte current at the first working electrode, W;1is the current
measured at the first working electrode, W, 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.



oxidation. In an enbodi nent of this invention, the relationship between the
currents at the first working el ectrode and second worki ng el ectrode maybe

defined by the follow ng equation, A We-YW X -Y where Al is the anal yte

current at {' worki ng el ectrode, W is the curreptrcesRsbdes at the

first worki gﬁ%“g%ﬁéode, W is the current nmeasured at the second working

el ectrode, Xis an anal yte dependent voltage effect factor and Yis an

interferin npound dependent vpltage effect factor. Usi.ng the equation
et for tHOMSDer 1 i opemaenioeos OF e REFSES yratoh BEREoREN on. i ¢ | <
possi bl e to refissR ih ARaplePdce®bn BXdstdip C4h K dal QM) BySplating e from the
presence of interfering conpounds and cal culate a corrected current val ue

that is nore saopleeseteshsiiipdhatis inprsted inte e metaataceonding tathapyesenti n t he sanpl e

bei d. 8. / / /
embodi mont of TPYRISY da BHY <PAg A e e SR bl AR weront Sripo €0 1

sanpl e pl aced seddndwoflGhg electtdde@ad a Bferendetldcarbae] abi¢add kircfirsiowdkihg sanpl e on a
test strip that is inserted into a nmeter_agccording to the present

i nventi on. I n clesiredecyns serond orking elegtgades Beipg poatedowith ehemigal \\or ki ng el ect r ode
d d ' o he fi
00 O L SNBE R BBt 111

wor ki ng el ect econ I n el ng coated with chem cal
conpounds ( e. @xidatioresfohmsaadt the tramkfor ofeldtiadrsronathe pikilized@lhicasd tbi t at e t he

oxi dation of glucose and the transfer of electrqons fromthe oxidized glucose

to the fi r;tqbﬁaﬁr&ﬁwmg&i@ee%%fgeme{l%e slgiernyber REOIFRRE when a

potential i s ;applib@tly Pioftr AELRYnARARE Bldéht kR chilfh REGRAThe i eNt | 0N bet veen
wor ki e n ode,

the first ectrode a he reference el ectr and the second
wor ki ng el ectwarkieg eledrddeand dieeferenee elegtuidepahd the secamowodtingce with t he

present invention. a.first potentjal i.s app]ied t he ter between the
first working eﬁe@ﬁ%ﬁ%&‘é‘a rg'q%rgr{cﬁgﬂf{é?cleer P AgOH ajéﬁet‘iy’g%g’,epfeﬁg&f irst potential
bei ng sel ect ednyentidla W irst potential is applied by the meter between the first working

-

electrode and the reference electrode, the first potential being selected to have
a magnitude sufficient to ensure that the magnitude of the current generated by
oxidation of the glucose in the sample is limited only by factors other than
applied voltage (e.g. diffusion). In accordance with the present invention, a
second potential is applied by the meter between the second working electrode
and the reference electrode, the second potential being greater in magnitude
than the first potential and, in one embodiment of the present invention, the
second potential being selected to increase the oxidation of interfering
compounds at the second working electrode. In a further embodiment of the
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 A;6 where:



a magnitude sufficient to ensure that the magnitude of the current generated
by oxidation of the glucose in the sanple is |imted only by factors other
than applied voltage (e.g. diffusion). In accordance with the present
invention,“ﬁ)ﬂﬁg&gmg potential is applied by the neter QEEMEE&MEEB9 econd
wor ki ng el ectrode ‘and the reference el ectrode, the second potential being
greater in magnitude than the first potential and, in one enbodi nent of the

present inventi.on, ,the econd tenti,al being selecited_ tq increase the

oxi dation of iWCEHieH HEUCRSS FHBtHL lgtthet%’ére'étélg%aﬁ'dreaﬂ{'%ﬁés(%é‘foggf’gode. In a
further enbodigabddW,idihe chfi&f aithsiréiva e sefondivisrking leRictrodey Xés #r ogr amred to
use the following equation to reduce the effect of oxidation_current

resul ting frorghicnee ¢sperdent¥oltage effont fctop and,} iscasviptstfioams epmayad cur rent used to

cal cul ate the ucose in the sanple. In particular, the
d%?&ﬁgﬁ}t\}oﬁta%fg eg factd
t e 3

gl ucose concentration na eritved wusing a calculated current A/ G where:
-W2-YW ~c XGY 9 WO 2005/ 045415 PCT/ GB2004/ 004594 whereAjGis a glucose
current, W is the current re t the firs ing electrode, W2 is
the current neasured%mtl?h@gggmiqugé .fe‘:’é&w&é XGis a glucose

dependent voltage effect factor and Yis an interfering conpound dependent

vol tage ef f ectTHeaiol &l featites EFthPhEVemidn Eré it frth Writh pPRAWINGpid ke novel features

of the invention are set forth with particularity in the appended clainms. A
better under stappetided clofms. b bttt modesianding fdhedeaturrs snd pdvantegefdbent

invention wll_be abtai.ned. refer 0 e,f i tailed
description t I?é?sggté%émbgrrl '?v ﬁﬁle Pﬁtgjtn i ‘gﬁf%getr%nc (lt;od’?hﬁgéﬁl!ogv‘,’i‘ng %et\%%dch t he

princi pl es of debdiption tandtoforiiBustiative entbddintdits, ih@hish demariplespfdr awi ngs of
which: Figure 1 is an expl gded perspective view of a test strip enbodi nent
for use in tHeventioniare wilized, 494 the accompanying drawings of which:

Figure 1 is an exploded perspective view of a test strip embodiment for use in

the present invention.

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 programmed 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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Figure 2 is a schematic view of a neter and strip for use in the present
I nvention. Figure 3 is a hydrodynam c voltamogramillustrating the
dependence of applied voltage with neasured current. DETAI LED DESCRI PTI ON

OF THE II\I\/WJ(}@%%HgOlGl The present invention is di reci,ggthBgoqgloﬁgggpr for

use with a'tes rrp which wutilize the nmethod described herein to neasure
anal yte and, nore particularly, to a neter as illustrated in Figure 2 which

is programred in,accor e with the thod descrihed. herein. [00017] Wile
e prosent | HOBHER rereereih iy b PP 4D PO Y b REeHiAY oF BRETSERE gl ucose
concentrati on wsed fdraRgleledtiochdphibal RftafRErnét OF atabytéd 16 PRySblogikallfluidsh the art

that the 10 WD 2005/ 045415 PCTI GB2004/ 004594  net hod descri bed herei n may

be adapt ed to Expmmicseofisyensthatopinhaadapied inimprovessieetingty usingdhg methode
el ectrochem cal, nag?g;{é?%‘ég se &n?e%ﬁl)ﬁ’ fefudk @lePtPééc%%ancg éeﬁ%rsflieﬁ'ttﬂgreas anpl es

of systens tha pte I nprove selectivity uslng nmet hod
accordi ng to tthe cprcesteationiofilaetatd, Iaotate) alcolibd, chblesttiohclneinio acds, slevlimeysmdused t o
neasure the concentration of |actate, |actate, _alcohol ol esterol, am no

aci ds, chol i nefrucipsamineg igphyaclagical fupsy ﬁi}%‘f‘%‘%@ﬁﬂ‘é{ﬁlohg_lﬁab@?cigﬁ!‘é%%s of
physi of ogi cal - {dabflSech ikt Pl BloR HAHEN. AR Uit Sard il ABThaR it wil 35T,

serum urine, and i nterst t her be understood that,
whi | e t he net hfughefbendenstoed drat, while éiret method of thepresént exvention iadescribed in

el ectrochem cal tem where the ne red cyrrent .is grodquced. by oxi dation,
the inventi on%\%éﬁﬁ’cg;émﬁﬁﬁﬁtwW&Bﬁﬁ%‘%@ﬂ“ﬁ8“’5"@9%?8&!‘%&5?’87‘%‘?%% asur ed
current is praduiRe wdald BldahitPipplibdRb Alsysthf vitiefsh e theiv@Bd bdfent & di rect ed

to a nmethod for inproving the selectivity of an electrochem cal neasuring
system t hat i sprodeaed byiredurjoradapt ed for use in a bl ood gl ucose measuremnent
system Mre particularly, the present invention is directed to a nethod
for inproving the selectivity of a blood glucose neasurenent system by
partial | y[gso1sjhol | yTiesreeat inv@tibRis difeeted i £methodl forimpebivigtihe selédtivftgopnce

current. an electrochemical measuring system that is particularly adapted for use in a blood
glucose measurement system. More particularly, the present invention is directed to a
method for improving the selectivity of a blood glucose measurement system by
partially or wholly correcting for the effect of the direct interference current.
Selectivity in such systems being a measure of the ability of the system to accurately
measure the glucose concentration in a sample of physiological fluid which includes
one or more compounds which create an interfering current. Improvement of
selectivity thus reduces the current generated at the working electrode by the presence
of interfering compounds (i.e. compounds other than glucose which oxidize to
generate interfering current) and makes 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

11



Selectivity in such systens being a neasure of the ability of the systemto
accurately neasure the glucose concentration in a sanple of physiol ogical
fluid which includes one or nore conpounds which create an interfering
current._lgR{ﬁwg@Eﬂ% of selectivity thus reduces the cyéfﬁﬁﬁ%ﬁﬁ@@&@ted at

t he working el'ectrode by the presence of interfering conpounds (i.e.
conpounds ot her than gl ucose which oxidize to generate interfering current)
and rmakes the neasured current nore repyesentative of the, gl uycose

concent r at i on. O¥ifatioRof ghigpegr Hopgaen iz E@P‘éﬁ?ﬁ"gﬁ?‘_‘wp@é‘?%s % ion of the
oxi dati on of 'f&aﬁﬁgsﬂgia&i&%ﬁ&eﬁmﬁnﬂw&% tfl%lesknt Mveihoai b eesal 1 uids
such as, for exanple, acetam nophen (Tylenol'M or Paracetanol), ascorbic
aci d, bilirubi methodofeemiaving sgaetor sl of e ieffect of inteafeting pempiuadobpgeantifying

met hyl dopa, tol,azi m de, tql butam de. .and uric acid. ch,ipterferin
corrp)c/)undg may B¥ PGIRCHT e‘g%begﬁv aﬁ?ro dation Faent gglg{qt%d)y%%gxﬁqﬁfgpgﬁowaﬂld[she
redox medi at or 4@ sublfadthly Wt Gt} fréh Thedvefdll RiRLSHEIAGE - InlfARRARE hA 2

perfectly selective system there wuld be no oxidation current generated
by any i nt er f emicthgd eeaopding to thepresené invamtianeusing aitgstistip batrindndes st vpriiag
gener ated by 1 2005/ 045415 . P / 94 | | f ose.
However, if oxf%j&%t%/(\)fagr?‘g %Féclgrrl]%‘évf) enﬁ%%%é%%@ﬁ%@ﬁéegﬁgot?@e ﬁrrég&ht%flﬁlg& gl% I dation
current cannot okidatin@ufiest deh@ated aseoh of the edtliagele@des io @feasure t8dhed of
renoving sone or_all of the effect of interferin corrpougis by@guantifyi ng

the proporti onedimate e sspeciive oxidatipn quanicuepasians derrhotisthe glusgseand i nterfering

conmpounds andirﬁé%h@%ﬁlﬁ&g&i?.at quantity fromthe overall oxidation current.
In particular, 1n a ~“method according to the present invention, using a test

strip that includes first working electrode and second working el ectrode,
two different potengials are appljied and the.  oxidation current generated at
each of tﬂgﬂ ki ng%%@@B&WF@WQS?f?@WtPG‘“%?FPHBY@“PPPG“?@éB&t ive
oxi dation curr Fs’ﬁseﬁvﬁi%ﬁ"iﬁdhﬂﬁ§aEé?ﬁpl?@lﬁaﬂnﬁep%&Aiﬁhﬁﬁ%ﬁ%ﬁ%ﬂdﬁé‘&%&&&feﬁJ‘g
conpounds. [00020] In one enbodi nent of a method according to the present

i nvention, a tesondwpiking ¢lectiodedndpirefbrencecdlestrede. aThedirg working elestrodsptiteai ni ng
a first working el ectrode second rkin | ect r ode d ref erence
el ectrode. TheSFOPLTOBIEARGoaF PG pricreps stbefiodes ure coverad By gficose cxidase

(the enzyme) and a Ferricyanide (the redox mediator). When a sample of blood (the

physiological fluid) is placed in the sample chamber, the glucose oxidase is reduced
by glucose in the blood sample generating gluconic acid. The gluconic acid is then
oxidized by reduction of the Ferricyanide to Fetrocyanide, yielding a reduced redox
mediator with a concentration proportional to the glucose concentration. An example
of a test strip that may be suitable for use in a method according to the present
invention is the OneTouch® Ultra® test strip sold by LifeScan, Inc. of Milpitas,
California. Other suitable strips are described in international publication 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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second working el ectrode and the reference el ectrodes are covered by gl ucose
oxi dase (the enzyne) and a Ferricyanide (the redox nediator). Wen a sanple
of blood (the physiological fluid) is placed in the sanple chanber, the

gl ucose oxiWass h s4fs€duced by glucose in the bl ood san@bqﬂggaﬁm@gyng

gl uconi c aci d. ? e gluconlc acid is then oxidized by reduction of the
Ferricyanide to Ferrocyanide, yielding a reduced redox nediator with a

concentration pr rt et

Cost st ip t napefRSte; R fibtend & hfectl U580 BOOREBAL O AREEHIY Raol| O
invention is tmd@wmmades):npﬁdmi(the)prmlnmﬁbm mgldcdxy chnréxﬁsefansto amc. of
Mlpltas California. he uita tri sar escribed in international
publ i cati on V\Do’néit}%‘ﬁggﬁfe‘{ﬁ ‘%“90‘7 atefg(bg‘?ffuofﬂsedi‘?gc@ﬁﬁmﬂ nt of a
met hod accor di erhgocﬁ EntRfF &sehﬂi(@éﬁhbﬁ’ﬁh@refférhﬁénoo?%ﬁ@is'tﬁére'd§x Bffiiogd to a

first working e ectro e and second potential is applied to the second
wor ki ng el ect r astbcarbon it thiesvarkiog élententle, the fisst potential pray eangediom sbowefect ed to be

i i h th | ! iti
Lo the apori camibsolnibaapt sl SRR R hals RERES o B DpE SIS ont at
the first mrkhﬁtﬂnai%nh%i& aflSyekt EvEnnRife Pfdrdbly Al Hﬁi e fom! HBUCTS 16 20X

medi ator diffusing to the f i rst” wor Ki ng electro t should be noted that

gl ucose is not m¥. réé@qopd patiential e&np@hechtommnﬁqulgn&\éeM/sgqlsﬂ%fhe second
PCT1GB20041004 h
usi ng a redox %gnt%fag A %atgrqﬁaendtg 3%(' tﬁrsltnﬁ(agﬁﬁg rmF‘Jn %%’%g a(ii ksrzﬁgﬁtér%&u )

present invent ﬁ&fpotdnﬂﬂ r@bM&SGxﬂiﬁefﬂﬁHﬁlnd’o&i ansnmbaﬂnneﬁxoﬂmmmf reduced
redox nediator that correlates to the &euocose concentrati on,

enbodi ment of EFvEntmewReRt ferleracyardadn &edogmediatorangd carhan dfcthe gmflmg r edox
medi ator and L t o may range
fromabout O QI%P? tgéétagd out?ﬂg}gghﬁl(é {\;/ila‘ooﬁl’%ﬂfl Eﬁﬂotﬁggéwgré)bl y from
about 385 m || nnnilvbks,anﬂ mateqréferbbly franh hboub#Z(ErmlhvultsyehbmwéﬁDOmnﬂth}tsef erably
may range from about 395 to 405 nV. A second potential is applied to a
second wor ki ng el ectrode such that the second potential is greater than the

first potqpggea] - WiBEQuidific 2BRIBbIeW BN IBE doRinclcasdireadrBised HAP mihiBRANPILRNT | al

needed to oxidize the glucose. In an enbodi nent of the present
increasing potential, the glucose current at the second working electrode should be

substantially equal to the glucose current at the first working electrode, even though
the potential at the second working electrode is greater than the potential at the first
electrode. Thus, any additional current measured at the second working electrode may
be attributed to the oxidation of interfering compounds. In other words, the higher
potential at the second working electrode should cause a glucose overpotenital current
to be measured at the second working electrode which is equal or substantially equal
in magnitude to the glucose current at the first working electrode because the first
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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invention where ferri/ferrocyanide is the redox nedi ator and carbon is the
wor king electrode, the second potential may range from about 50 mllivolts
to about 1000 mllivolts, and nore preferably fromabout 420 mllivolts to
about 1000 mllivolts. [000221 Because the glucose curr i ncrease
or increas®OWAYSHSnimally with increasing potenti a] ?8#/&%9@?@@4%46 current
at the second working el ectrode should be substantially equal to the

gl ucose current at the first working el ectrode, even though the potenti al

at the second wectkidegndihectfermdes dlectrgde dnedditibmthe dpplipsioarof ahighat paténtia¥ i r st

el ectrode. Thus, .any additional. current red at .the second working

el ectrode nay r%@%&%ﬁeﬂgﬂ’f%nféafaﬁ%erbgwcdé;{ulﬁ%ﬁa%efW&'ﬁt"e‘?%ﬁﬁﬁ’& conpounds. In
ot her words, t BRctideNRhid ileifadd] indleasthg thb ®niC@pNdtan&d didMBe Rhdthg @grnsdioul d
cause a glucose overpotenital current to be nmeasured at the second working
el ect rode whi ckithes thedirstivorkingsel erftodn 1 sgpong wagkiag electiodgagni t ude to the gl ucose
current at the first working el ectrode because the first potential and
second potential are in a limting glucose current range which is

i nsensi ti yeo028) chanpasdérfio aaainissthp aétadl irélationsiip bemesen tHeglWosctureat ot her
paranmeters my have an inpact_on the peasured current, for exanple, where a

hi gher pot ent i Beasuged af Bhe firgh warking glecispdesnd thesesand gvaskipg eleglgede, tiere i s of ten

a slight incre j . ent g{%icﬂélc‘ﬁmlr@ﬁi ode as
a result of anﬁ?%sgafr%’ot% rag‘r'e(?%gefogdédlaﬂe\%ﬁ a{g? ?’eg?ﬁsqﬂ@%gﬁggﬂlq%%@ rop (I.e. o
unconpensat ed theseatndwoeking elegiraieandy also be hefersgdstb arp ghuchsegiverpoteapid! | ed
potential causes an ingrease in.th asyred current. magni tude. anpl es of
"R Grope. my. bESEe AN PPREH QR FAABOTINE pEv i BF SHETRHE TR B0 e,
second wor Ki ng g8 RvepERntidl %&ﬁhﬁ?%@ﬁ@scﬁi)ﬁl;a’tﬁgfolloﬁﬁ% Qfudd0! ogi cal fluid
bet ween the working 13"WDO 20051045415 PCT/ GB2004/ 00459 el ectrode and the
reference electrode. In addition, the application of abigher potenti al
results in the forn%io Q]‘Aa | arger ionic doubl(e l,Layer which forns at the
el ectrode/liquid in €e,“%°ncreasi ng the ioni cegégaci tance and the
resulting current at either the firstworking el ectrode or second worKking

el ectrode. 1000231 In order to determ ne the actual relationship between the

gl ucose cur r entvherpekis p gHpcese dependentvoltagestietiacten ebrivhe sireserrEenat ond
wor king el ectr %Eﬁrst' &orkiﬁg electrode and A, is the glucose current at the second working

electrode.

[00024] In an embodiment of the present invention, where ferri/ferrocyanide is the
redox mediator and carbon is the working electrode, the voltage effect factor Xg for
glucose may be expected to be between about 0.95 any about 1.1. In this embodiment

| 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 after 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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necessary to develop a suitable equation. It should be noted that the

gl ucose current at the second working el ectrode nay also be referred to as
a glucose overpotential «current. A directly proportional relationship

bet ween t he %I ucose_current and the gl ucose over pot entp@dgBie0d/6at94amay be
descri bed WOXREHET | owi ng equation. XG x AJG = A2G (eq 1) whereXGis a

gl ucose dependent voltage effect factor, Ala is the glucose current at the

first Ki I d d A2G | . . ond wor ki n
ol et rode. | oo TR ErtiRis it Masir ot BE SRUOEAN ellad Mo 0d VOr K1 N9
ferri/ferrocyagiddess deliRted tEHO gremetthat BE siandhrd pothitial (B) bhe éloki Ng

el ectrode, the voltage effect factorXG for ﬂ‘gl ucose may be expected to be
bet ween about WedistonnBecaysnthe first potential isissleetadeieh than it is yficiprily graterttham

hi gher potentigl s.,do, not...have a si.gni.ficant i ct op. th I e 0Oxidation
current becaus@‘e é’a%"‘&?g%e “E’.xa“PBPlg’?#‘ée‘r’ g@fﬁﬁ%éﬁ’“ﬁ%@ﬁ&%ﬁ%@?’rﬂ%%ransfer
kinetics and r@eapsliddlRicptifiGhéredses. "EHS] HPlyiaardedi@ potdntislst Welsbednle Wor Ki ng
el ectrode. Because the glucose current does not increase with increasing
potential aft eworémgequmoae wilbnefrincrease the|oxidatien atdhe sspendwgrkisg elesirede andpe
saturated or | ' | |0l HRG; g dlelel of the
present invent %ﬁn%gé%}rf?%@%t%%%%l uco@%’?@gﬁgﬁgf]’%@f y %reasu?gg&%}y

oxi di zi ng f err factoad) suth a8 fot treanyplde, lokidgtiod efdtterdetngaothpoineise t he ferrocyani de
concentration is directly proportional to the glucose concentration. The
standard potential (E) value for a particular electrochem cal conmpound is a

nmeasur e t COf ' i ld : éﬁﬁrﬁ%f#?’ ' r

chem cal g‘?)or?%gﬁnds. En %cljiza\}/l\%&lfg%r% 6(24204!15 P dé%%%ﬁ#g%%%ﬁéegﬁgt hod
accor di ng to t agplied sekage withmeedsined cutrénd where dertiifedrocytnitiéiis the redex medikiong
electrode is selgected tq be greajer th t st.anday d tential of the
edon Cadi ot ofd e & heling pleflodst Bt dife R borths B Ehteos st | &
sufficiently gpeadxerilBAwhetd'®cirenflsiteatiired HchRIEARLHPBiLY a ViR ¥droat | On

rate does not increase substantially as the applied potential Increases.
Thus, appl yi nga #ogezelestrqseand a refererge elasodee Figvae 3 aknvis thy the @erepbl@ans | | not

I ncrease the oyl 4ati O Hhehl eSS GPAB R0V DehSitht 8fied Witage is
sufficiently greater than of the E° value of ferrocyanide. Thus, as illustrated in Figure
3, as the potential reaches approximately 400 mV, the glucose current becomes
saturated because the oxidation of ferrocyanide is diffusion limited (i.e. the diffusion
of ferrocyanide to the working electrode limits the magnitude of the measured current

and is not limited by the electron transfer rate between ferrocyanide and the electrode).

[00027] In general, current generated by the oxidation of interfering compounds is not
saturated by increases in applied voltage and shows a much stronger dependence 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 undergo 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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any increased current neasured at the higher potential electrode nust be due
to other factors, such as, for exanple, oxidation of interfering conpounds.
[ 00026] Figure 3 is a hydrodynam c voltammogramillustrating the dependence

of appli eqv(yﬂjog/@gglsvvith measured current where ferri/f eci@mnsednidsd s the
redox nedi ator and carbon is the working el ectrode. Each data point on the
graph represents at | east one experinent where a current is neasured 5
seconds after applyi a volta

e across a working electrode and a reference
el ectrode. Fi gfieErd-s OE?n’é’PgrtsH “Eﬁlrcf‘t_é‘?ﬁtr@&r"ﬁ‘?tc éﬁ“ﬁ?l‘gﬂfy sg‘_fweé ¥Ry
regi on at abouty,KD01BM PGFAYRR Hebfisé te:qﬁiré’ﬂl écﬁ%nhﬁch%ﬂiéal ﬁ:h&i%h'stépgr eater

than of the E vgl ue of ferrocyani de. , as illustrated in Figure 3, as
the potential rIbeaokidatiapeliassirbai¢ tol dehydyOasatrbate ircanggixamplesf g innerspherec omes

sat urat ed because Lhe.oxidati on .gf ferr ni.de is.diffuysion, l.imted (i.e.
the diffusion Oﬁﬁaﬁl‘é‘?%ﬁvﬁweﬁg‘etlgoeﬁtfgnﬂg%aw&“&@&egt%e e’lcﬂ‘?qago?ﬂfte magni t ude
of the nmeasur ederfdyidd to fefidyinsdd19bn biadipl@6k AaYoutel SpiRtdiédhon thhdasf er rate
bet ween ferrocyani de and the el ectrode). [00027] In general, current

generat ed by t Haewsiradhe oHrent sqgratedibyintaderingpompaengds gencsally inggasey whay by

i ncreases in appl:l V] ad shows a nmuch stronger dependence on
applied potent@%bhgﬁgﬁgg%$?§% gener at ed by oxidation of ferrocyanide (the

ferrocyani de having been generated fromthe interaction of glucose with the
enzynme and the enzynme wth ferrocyanide,  Typicall interfering conpounds

, rf
have sl owdP0®@8kct r ort relatigpsbinbetypeneaniipterfening ropparnd REPLAL Shestirgt working
ferrocyani de) . ofdirSa¢hnlsfimRieide ool AR rpol AifiNBnbAGH HelBlonBRtkin
interfering conpounds undergo amm i nner sphere el ectron transter pa%hvvay as
opposed t o t he eleabda canbedescsiptibbyethe fdlowingequationsf er pat hway of
ferrocyanide. A typical inner sphere electron transfer requires a chem cal
reaction to occur, such as a hydride transfer, before transferring an
el ectron. In contragtyfanpouter sphere el eqggdmn transfer does not require a
chem cal reaction before transferring an 15 2005/ 045415 PCT/ GB2004/ 004594
el ectron. Therefore, inner sphere electron transfer rates are typically

et L Uy PRIGISCOLAAL bk LI AGR Ao BB LR

dehydr oascor batitetférirgcotnpaniud eureht, and I;Abe imefeing compound overpotential
current. Because the interfering compound voltage effect factor Y is dependent upon
a number of factors, including, the particular interfering compound or compounds of
concern and the material used for the working electrodes, calculation of a particular
interfering compound dependent voltage effect factor for a particular system, test strip,
analyte and interfering compound or compounds may require experimentation to
optimize the voltage 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(i) (eq 2a)
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oxidation of ferrocyanide to ferricyanide is an exanple of an outer sphere
el ectron transfer. Therefore, the current generated by interfering
conpounds generally increases when testing at a hi gherpfxﬁéﬁ%ﬁbil@ﬁ'

504 00028] A
rel ati onshWP 208(0k4¢h an interfering conpound current at I'rst working

el ectrode and an interfering conpound overpotential current at the second
wor ki ng el ectrode can be described by the follow ng equation, Yxlr=12 (eq2)
where Y is an interfering A ound dependent voltage effect factor, Ir is
the interfering coﬁpeahﬁpgg£Zent, and |z i€&a2hk interfering conpound
overpotential current. Be e the interfering conpound vol tage effect
factor Y is dependent upon a nunber of factors, including, the particular
interfering conpound or compounds of concern and the material used for the
wor ki ng el ect r gtles,n, €B{ -CEA, af, By B, baispabhstadldepending iof tHeapedific eestppactive
dependent voltage effect factor for a particul ar system test strip,

anal yte and i ninterfeding nompomdokris therfirstpoetentialdandiinis thegegond peteptiali Fhet ation to
optim ze the voltage effect .factor .for. those criteria. Alter.natively, under
certain circuﬁgFﬁﬁﬁéé,eﬁ%ﬁpﬁgPP§?8ﬂ§ﬁf§gﬁgﬁﬁ?%¥%?n%%ﬂﬂ%%@gyﬁ9mbe_derived or
described mat Eﬁﬁ&h%k vbe itliflcAALeIBBRTh e RhlcAlatibd 6 f 9;@&5%0&1@2,92%} aEmher e

ferri/ferrocya I's the redox nediator and carbon is the working

el ectrode, thebé ednetih&) dndgeLRRRIO Ficldidp fllbevihg smbticige ef fect factor Y could
be mat hematically described using the Tafel equation for I1 and 12, I, =
a' exp( b~ J (eq 2a) 16 WD 2005/ 045415 PCT/ GB2004/ 004594 | Z =at expl b’

(eq 2b) where ql=El- E, )éf£r - E, b is a constant depending of the
specific electroactyvgemﬂ: jfering conpoungyq e} is the first potential, and
E2 i's the second potenti he value of E (the standard potential of a
specific interfering conpound) is not

where An=E; - E;. Equation 2c provides a mathematical relationship describing the
relationship between A7 (i.e. the difference between the first potential and the second

potential) and the interfering compound dependent voltage effect factor Y. In an
embodiment of the present invention, ¥ may range from about 1 to about 100, and
more preferably between about 1 and 10. In an embodiment of this invention, the
interfering compound dependent voltage effect 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 Y 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 I; and the interfering compound overpotential
current I7; and b) the glucose current A 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. 416 and A4,5) 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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i nportant because it is canceled out in the calculation of Arl. Equations
2,2a, 2b can be conbined and rearranged to yield the foll ow ng equation, Y
= exp( A77 (eq 2c) ~b) where Ark=E, - E2. Equation 2c provides a

mat hemat i ¢ jQnshi p describing the relationship petwasiafuedosi - €. the
differ encea}t?e Oglgé%trs\h?he first potential and the second poten?@al) and the
interfering conpound dependent voltage effect factor Y. In an enbodi nent of

the present inyentjon, Y range fromahout 1 to about .10Q, an nor e
preferably bet‘%’égﬂéeame HP%WHI .elFWOEﬁ a%@&?%ﬁ?%‘l‘s“f%%“?}h i on, the
interfering coppemedvytRINRAhg ¢Qldtisgle ef fect factor Ymay be determ ned
experinentally for a specific interfering conpound or conbi nation of
interfering compounds. It should be noted that the interfering conpound
dependent voltage .,pffect,factor Y for int i ng conpounds is usually
greater than vol tag@ egf%tt[’fact or XG fore(%{ cose. As the follow ng

sections will describe, the mathematical relationship of a) the interfering

conmpound current 11 and the interfering compound overpotenti %I cg{%rent 12;
rdg, the

and b) the gl udvse s therfirstererenta thefstgyakiag slegivsdep de athes we t A2c
wll allowa gl '%F]gﬂg : dupbis ' LadiGhet he effects
of interferi naﬁg%?rglgﬂir?ggé% r r?t%glggrglf%’é%&gg%ose. tf‘gﬁgg% elng an gtnbodi ment of
t he present i neempoumd cuaentd}. gdiore dpecificedlyibe stafesidg conpamidcutrentenay tear r ect ed
gl ucose current (i.e. ALG andA20G). i ch is independent of, .nterferences.
After dosi ng. adiSFinetames Reragcnpispeen desqibed Beisabing A eSSt ed <o ¢ he
first working glopghs Q8&rRARG: #coREQRLINTROhRANIA at iR sBRRIdipBEntifl drhe second
wor ki ng 17 WO 20051045415 PCT/ (GB2004/ 004594 el ectrode. At the first working
el ectrode, a f ioverpotential siichican e desgribed bythe followingequatibmscri bed by t he

foll ow ng equation, WL = Arc + |1 (eq 3) where W is the first current at
the first working electrode. In other words, the first

Wy = A+ 1 (eq4)

where W, is the second current at the second working electrode, 426 is the glucose
overpotential current measured at the second potential, and I, is the interfering
compound overpotential current measured at the second potential. More specifically,
the interfering compound overpotential current may be a Direct Interfering compound
Current which has been described hereinabove. Using the previously described 4
equations (eq’s 1 to 4) which contain 4 unknowns (4;¢, 426, I;, and L), it is now
possible to calculate a corrected glucose current equation which is independent of

interfering compounds.

[00030] As the first step in the derivation, 4,6 from eq 1 and I, from eq 2 can be
substituted into eq 4 to give the following eq 5.

W;=XgAc+ Yl (eq 5)

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

interfering compounds to give eq 6.

YW] =YA1(,' -+ YI] (eq 6)
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current includes a superposition of the glucose current Al6 and the

interfering conpound current |I. Mre specifically, the interfering conpound
current may be a direct interfering current which has been descri bed
herei nabove. At the second working electrode, a secon ERMoksps TEASUT Ed

at the sec‘SﬂaO"B@fséHi al or overpotential which can be described by the
follow ng equation, W2 = A26 + 12 (eq 4) where W2 is the second current at
t he second working el ectrode, A26 is the glucose overpotential current
measured at the second potential, and 12 is the interfering conpound

over pot ent i al. s LeiHou/ BASE Alooh A 638 E9RtARNERE:Tbm MRVE 5Rps 11 cal |y,

the interfering conpound overpotenti ent nmay rect erfering
conmpound Current which has been descri bed herei nabove. Using the previously

described 4 equatigns_(eq' tQg 4) which contain_4 unknowns (Al16, A26, |1,
and 12), it is now"%p‘ogéi*_bf}‘%’%@%ﬁ’@ul ate a cor ralé%?)ad gl ucose current
equation which is independent of interfering conpounds. [00030] As the
first step in the derivation, A26 fromeq 1 and 12 fromeq 2 can be
substituted i oy e nbw ke gavanged to Jobvel forhe goreeptadl gly@s@iyedt-Hicngasersd atNext ,

eq 3 is nultipligd by interfering cgnpound dependent voltage effect factor Y
for interfer%egg?Bﬁ%tSQ}ﬁﬁigsﬁhS“ﬂilggng 6. YW=YALG + Y11 (eq 6) 18 WO

2005/ 045415 PCT/ GB2004/ 004594 Eq 5 can now be subtracted fromeq 6 to give
the following formshow in eq 7 W- YW =XGAI G YALG (eq 7) Eq 7 can now be
rearranged to sol ve fo;ﬁ&hg_@brﬁ@%ted gl ucogecurrent Al G neasured at the
first potential as shown¥n ggcsyAis - W _q§ (eq 8 Xc -Y Egq 8 outputs a
corrected glucose current Al G which renoves the effects of

Eq 8 outputs a corrected glucose current A4;¢ which removes the effects of
interferences requiring only the current output of the first working electrode and
second working electrode (eg W; and W), glucose dependent voltage effect factors Xg
, and interfering compound dependent voltage effect factor Y 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 Y 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 X¢ 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 W) is about 10% or greater than ¥}, then the meter would use eq 8 to
correct for the current output. However, if W 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 #; and W, to improve the accuracy and precision of the
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interferences requiring only the current output of the first working
el ectrode and second working electrode (eg W and W2), gl ucose dependent
voltage effect factorsXG , and interfering conpound dependent voltage

ef fect facwzoagﬂﬂg“gnt erfering conpounds. [000311 A gl pepaB2dBbE5e4
contai ning el'ectronics is electrically interfaced with a glucose test strip

to nmeasure the current fromW and W2. In one enbodi nent of the present

i nvention, XG and Y may _be progranmed into the glucose ter as read only
menory. | n afeeREFmEnDhdeterd of SEPIY eragingdhe current e 3K Kasa mnge scougale pe
transferred to the neter via a calibrgtion code chip. The calibration code
chi p woul d hawpproach hay beneravemgaWpwithi-c& whers éte ghicosadepesdenvvolBgaaffecvwhi cb
woul d be calibrated for a particular Kot of test stri ps. This woul d account
for test strip lot-to-lot variations that nmay occur inXG and Y. O 00321 In

anot her enmbodigRe x Ok KRR M6 B&Rht (b1l GroxitfeRUGLAS UGFhcBdrdmBIS eg YT T €Nt
in eqg 8 may be used by the neter only Xpen'a certain threshold I's exceeded.

For exanple, if W2 is about 10%or greater than W, then the_ neter woul d

use eq 8 to aod Aadentps lame Thgskratagy ofsingteq Sramlyeunser cerfringptuptions wdre i 0% or
| th W, . | . ' f: ' ' th
ess than % i ‘}%Q‘g{ a: %&%ﬁ'cﬁﬁ 1&%?&%@9’;#8&% ﬁﬂ: ih %&é S%gieslvéf%a ﬁgﬂ%ﬁsf? gp the

meter can simpry average current val ue between 0 inprove

t he accuracy avercpfrétingitiimedsuield @lucdst diReRt0 AEshodidbtmoted Bidtbdeh #:004594
measurenent. Instead of sinply averaging the current of WL and W2, a nore

d.
accurate apprsictentiygrrater Bian ferbypdass amopnt (s2- dhout HO7her gpish dais s@pendent
vol tage effect . XG5, 1 g]%;d]hl c"éEt‘FaCZHd -ea | y
equal s Alc acé%?l%t{)llgafthg%gaﬁﬁn%ﬁa gﬂ\%\ﬁnen 1 ?gff OQL}\AI. Théqgﬁ%;qe%%é’gé‘ usi ng
eq 8 only undanayterdesirablstotomsyiut am errovieessagetinstéad off  lghicysd vahte becaisgavérycant
| evel of interferences.are jn the sanple mtigat the risk of
overcorrectin é’r]l@"%é?ié‘ﬁ ICBE‘BQ‘Eladémaﬁ'é’ﬁ‘fsﬁaﬁi‘eaga%‘ﬁ?H‘ 82GFBRgY of #8 when w2
is sufficiently greater than W by al arge anount (e.g. about 100% or nore),

this is an
{00033} The following sections will describe a possible test strip embodiment which

may be used with the proposed algorithm of the present invention as shown in eq 8.
Figure 1 is an exploded perspective view of a test strip which may be used in the
present invention. Test strip 600 includes six layers disposed upon a base substrate 5.
These six layers are a conductive layer 50, an insulation layer 16, a reagent layer 22,
an adhesive layer 60, a hydrophilic layer 70, and a top layer 80. Test strip 600 may be
manufactured 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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i ndi cator of having an unusually high concentration of interferences. In
such a case, it nmay be desirable to output an error nessage instead of a
gl ucose val ue because a very high level of interfering conpounds may cause
a breakdowyqi 40 (EF:“gccur acy of eq 8. [00033] The fol | owp@gcaaplonss W | |
describe a possible test strip enbodi nent which nay be used with the .
proposed al gorithm of the present invention as shown in eq 8 Figure 1 is
an expl oded perspective view of a test strip which nmay be used in the
present invention. Test strip 600 includes six |ayers disposed upon a base
subst rat ejggoss) TNeS Gnghatioh BYEF o Bkfad S Which YRS a PoricRbe et | on
| ayer 16,[a ?’sgagentqnﬁ}zlaaélé)&l ,¥6 an a @g%g | ayer gbé g%hyﬁ%ophl ic layer 70,
and a top | ayededdode T dirststarkipg 6leCiroteyl 2band seeondfvemkingetechrdal swhickesarof st eps
wherein the caonducti.ye l.ayer 50, insul ation |ayer 16, . reagent |ayer 22,
adhesi ve | ayerbeéﬁet?fig?y&éwéﬁS@’élalephg_st?a%oé"]%‘ﬂggF ) ’ﬂ%‘ﬁlj’,nq?yﬁf (16é’¥§ le, a
screen printi rkﬁaﬂ?éfﬁ%éﬁ%ﬂ(ﬂﬁ%g@tBla@khﬁﬁ‘lﬁiermcﬁﬁi@hhﬁgﬂe%ﬁihas%@ﬁ%ﬁn\’ be

u

deposed froma ro stock and | am nated onto base substrate 5. The fully
assenbl ed teskrcen,dpp 600 forns a sanple receiving chanber that can accept a
bl ood sanple so that it can be anal yzed. [00034] Conductive |ayer 50

i ncludes reference electrode 10, first working electrode 12, second working
el ectrodejobdss)a fi redagefiMdyae2 ﬂagyb@disﬁﬁemsh & poitios bf déndudtivedhRi 80l cont act
11, and a strip detection bar 17. Suitable materials which may be used for

the conduct i viasulatiparlayer 36.Adn appgmbedimentof thrpresentinyendion, repgeat layadg aenyt i n

oxi de, carbon,. - bl f ! . tive
| ayer may be amgig?%%l%ﬁ?%}é és%glclz ﬁféged% %%e%@%%ﬁd?a@r@@g%%&% @\D
2005/ 045415 PGHitkpRo6oke! Db his fea&{dapd plopertibailiagiouhiofer redifcet Rgloxdes cut out
18 whi ch exposes_a portion of reference el ectrode, 10, first workin

; g

el ectrode 12, Bediatebeanhs srpepicd thabiher canbpameasursd clogtrechemicaly fethatd by a

| i quid sanple. |t T Fiyd i : - 160)  may
be Ercon E6110g-1§§)gé\] et %t:dggbtci nsui ayerédl? n%*“&ﬁ’?gé E)tfkr%geljgee}%%fjurléc%gg glr rom
Ercon, Inc. [(08038t fiRewgenthe preyent iid2ntiaycahbe dowdos EF patents H08245andf
conductive | ayep, 501288 lished international applications WO01/67099 and WO01/73124, all of

which are incorporated by reference herein.

[00037] Adhesive layer 60 includes first adhesive pad 24, second adhesive pad 26, and
third adhesive pad 28. The side edges of first adhesive pad 24 and second adhesive
pad 26 located adjacent to reagent layer 22 each define a wall of a sample receiving
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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I nsul ation |ayer 16. In an enbodi nent of the present invention, reagent

| ayer 22 may include chem cals such as a redox enzyne and redox nedi ator
whi ch selectivity react wth glucose. During this reaction, a proportional
anount of a reduced redox mediator can be generated thgt s, 6@540
measur ed eVOAPEEHENi cal | y so that a glucose concentration can

cal cul at ed. Exanpl es of reagent fornulations or inks suitable for use in
the present invention can be found in US patents 5,708,247 and 6, 046, 051;
publ i shed[00A3%r nat i Lopdayen B0 inchules o clsaiODio6309d apagheWoDign/3B1 2Pop layer 80 f

V\/nichareincororatdbrfernehr.i. 0371 Adhe | a

i ncl udes first® %%ﬁ&fffde[gg’g%rﬂﬁng‘d%&}&o jgaadm?glh'mgjﬁg ex?ﬂglf’c}(’%dhem ve
pad 28. The snﬁyeradmbefa;folye&%r ad sl sl B4 thodefoaivh FFHBsintRlly pad 26
| ocat ed adj acent to reagent Iayer 22 each define a wall of a sanple

recei vi ng c haonsdlaps nroximal aydsenhiliapad 33rthatigloyws @ e to vignallycoplim thﬁ@hadhem ve

| ayer co p Y

adhesi ve Whl CW %rg%lmmé %%gs\l}al‘ﬁé‘%lp%%go%é@%go [?Zlé%g{ ﬁ’sesé\%}[)

Tring, Herts, dbskived highriggeeof (qrastbetvican)a. coIkﬁ@Df&ﬂdsxhl;hcksp@he)tamplé bymd 70

i ncl udes a distal hydrop i1i¢ pad 32 and. proxi mal  hydr h| c pad 34. As a
non-1imiting eXHhp rsmwgehqré%?ndn%esea%wﬁsﬂhyegf topEing one

hydr ophi lic surface such as an anti-fog coating which is conmercially
available from3M It should be noted that both distal hydrophilic film 32
and pr ox{0oa40lhy dr dfipuark 2ds 4 simplifiéd achemeatis shoiwing a aetep a0@mterfanimp Withg testuser to

observe a liquid le fil]li the sanpl e regejving chanber. 21 WO

2005/ 045415 P@H‘Eé@‘ggg‘ 5@9‘2? %?‘Gﬁg@@}“"%ﬁmﬁ%@g}a{ %@“%HGP H&f QupectigR )61 t i on
36 and opaque ggf Gvb&ﬁhg@ectr?;@é)li AY&Ind Horlting dlesRiIRAY, LA refefbnddlBeERMe10.
hydrophilic layer 70. As a non-limting exanple, top |ayer 40 maybe a

pol yester. It hﬂmuioulabeomctedllemcqiiemhaeasomlt%dmﬁm“@dbag dmhrqdb 13,

overl aps proxi nal phi l i d 3 I | ows >er al I y confirm
that the sarrp?émF‘g%dﬁog I(jne((:’ ar?gegesiogmggw ?egoquor qgle&fg é‘})};‘gue portion 38
hel ps t he user comdaGeeontedor 00toflfR@tCRditafe HAFINS and B4R EfefencOtiedtRdde f | Ui d

such as, for exanarlhe, bl ood . . .
10. en performing a test, voltage source 103 in meter 500 applies a first potential

E; between first working electrode 12 and reference electrode 10 and voltage source
104 applies a second potential E; between second working electrode 14 and reference
electrode 10. A sample of blood is applied such that first working electrode 12,
second working electrode 14, and reference electrode 10 are covered with blood. This
causes reagent layer 22 to become hydrated, which generates ferrocyanide in an
amount proportional to the glucose and/or interfering compound concentration present
in the sample. Afier 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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wi thin the sanple receiving chanber and the opaque section of the top film
[ 00040] Figure 2 is a sinplified schematic showing a neter 500 interfacing
with a test strip 600. Meter 500 has three electrical contacts that form an
el ectrical .co jon to first working electrode 12, s (eTs)

el ectrode X@,{agsﬁ(%g‘lrlgf erence el ectrode 10. |In parti cul ar%@?r%%@g@élrsﬁlol
connects voltage source 103 to first working electrode 12, connector 102
connects voltage source 104 to second worKi ng el ectrode 14 and _common

connect or 100 &Hprericths coment aytpus feach Wasking slectrgrle must be nammealized for areer ode

10. When perf ] : : | . ' first

ot ent i al | EL Taria e ¢t offasCfeolp opudi 1h el 3helent LiBBRMEROPL | 1o

and vol t age sowoBgeatich®mayhé inamita of ampenet (poteat)tordh alperbeperanit asacbed wor ki ng
el ectrode 14 and refjerence electrode 10. A sanple of blood is applied such

that first V\orql‘FﬁEf dB¥rode 12, second working el ectrode 14, and reference
el ectrode 10 are covered with blood. This causes reagent |ayer 22 to becone
hydrat ed, which generates ferrocyanide in an anount proportional to the

gl ucose al0#048] i nt dt Wil bamgcogmiged dhed equyatent strechirenmpy bs sibistituted forrthe sanpl e.

After about 5 seconds,from.the.sanple appligcation t er 500Q. asyres an
oxi dati on cur r%ﬂ?WGSFII‘EE?%]dFPEQfSCaB%eﬁ b‘P @é@?trtgﬁgés%egnﬁnﬁ?g%% oaﬁf’ki ng

el ectrode 14. jhienfiof Ry it tIRCAHMY sthidehrd Which f1ap be e@PloybdieSipl Ghent ifeelambdies of
El and E2 are determined in accordance with the previously described nethod

and the al gorinvéntondesdditipedt shenls be udgrifeodthatievery $aicue deseribed abavd yt e

current in accordanc W th t.hod _accor.di to the esent vention.

[ 00041] In thghaﬁragwcglﬂgﬁé & grl%tgg%ﬁﬁesﬁe%aegg%%sc%rﬁga?sgéﬁps ”r"l"o"%err%odi ment s,
the first worfghéipne Whkile et enbolitiens fktheprdsém tnvehtied hnddeddishoad ahdle sane
area. It should be noted . that the present jnvention is not limted to test

strips having deserted hewsins it willibe ohyvioay t94hose skillad ingtheran that sechiambogdpsptsoys| y
descri bed stri Jors Wsﬁb%%zﬁ’gg’?ﬁo?ﬁig’gﬁz%}ﬁgﬁ‘%ﬁgée ggﬂsl%ggggg %3004/ 004594

different, the current trode ‘mist be nornmalized
for area. Becsbsutidns vallmoericcmtd hode skiledin the aitwithoopdepestingdtont thear ea, t he
ternms within Equation, 1 to.Equation may _be.in ynits of eres rrent)
or in anperes gentign; It sg?lga bg I(i:lptge_rstood tgatv ous alternatives to the emabo iments &C tﬁje
invention described herein may be employed in practicing the invention. It is intended

that the following claims define the scope of the invention and that methods and

structures within the scope of these claims and their equivalents be covered thereby.
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current density). [00042] It will be recogni zed that equival ent structures
may be substituted for the structures illustrated and described herein and
that the described enbodi nent of the invention is not the only structure
which may Q8 ,6iphexed to inplenent the clained inventigmychoasidsai on, it
shoul d be uncferstood that every structure descri bed above has a function
and such structure can be referred to as a neans for perform ng that
function. Wile. preferred enbodi ments of the present invention have been
shown andWTél/é“gé?rPEéBVIﬁPrIéi n, it will be obvious to those skilled in the art
that such enbodi ments are provided by way of exanple only. Numerous

vari ations, changes, and substitutions will now occur to hose skilled in
the art wilt Aoumpoegbmetenfpr iscimthddstectinny efanalytes, Jaid mbleu¢amprésingader st ood t hat
various alter na%i ves t(g tge enb%g ment s toft thl?e i i nyent ion geescri. ed herein
may be enpl oy el ShORPEEET fF AYWEHEE SAPIREFR 2 Tpt Wakingcasehate oF ff ¢ he
following clainms dagdigeipt he scope of the invention and that nethods and
structures within the scope of these clainms and their equival ents be covered
t hereby. 23 ViOseondtouwsdon pCpnmRing im0 agepopd| working eolegtrods: 1. An

i nproved neter for o‘%;ss%iditgtts .detection of analytes, said neter conprising:
a first connector fOr°*toRnac ng said nmeter to a first working electrode on
said test stripgimios&inbeoconegnbaingisaid nisdine a rdfergncealebirslt 64 sdid a second
wor ki ng el ectrode on said test strip; a commobn connector for connecting
said meter to a refleté®Pe el ectrode on said test strip; a first voltage
source connect §qirge{7c“?agg i Bdo%ﬁécté?loﬂ&%&i)rsaiﬂnﬂrfQ:bgnecfdimmnsaﬁ&mnept or, a
second vol tage source Connecte etween sai d second connector and said
comon connect or. Zomiwon copnevtegd nmeter according to Caim1 wherein said
first and second volt

a secon vgﬂfge source connected between said second connector and said
common connector.

2. An improved meter according to Claim 1 wherein said first and second voltage

sources generate a first potential at said first connector and a second potential said

second connector when a test strip is inserted into said meter and a sample is applied

to said test strip, wherein said first and second voltages have the same polarity and

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:

w, - YW,

4 =
X-Y

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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sources generate a first potential at said first connector and a second
potential said second connector when a test strip is inserted into said
neter and a sanple is applied to said test strip, wherein said first and
second VO'Hﬁgﬁﬁy@@¥§ the sane polarity and said secondpppicBisos@besiirs a
magni t ude greater lhan said first potential. 3. An inproved neter according
to Caim2 wherein said neter neasures a first current value at said first

connector and a second rrent. val at sai.d secqgn onnegtor .at a

o1 det or ORI Reaieseieimin it X A pue cRSeAR ol SRHAe on i ed. 4.
An i npr ovaﬂdméa{maﬁfaﬁhgb&apmd%pdnmvm@gemcﬁa&t& meter calculates a
corrected value of analyte current using the followng fornula: - W2 -YIlI
A, X-Y where: Ar is said corrected analyte current; W is the current at
said first connector neasured at said predetermned tinme; W2 is the current
nmeasured at said second 24 WD 2005/ 045415 PCT/ GB20041004594 connector at

said predetermned tine; X is an anal yte dependent voltage effect factor;
and Y is an interfering conpound dependent voltage effect factor. 25
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