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Vol tammetric Systens for Assaying Biol ogical Anal ytes

REFERENCE TO RELATED APPLI CATI ONS Thi s application
woheisns4ishe benefit of U S. Provisional Applicatrms2086/017009

60/ 571 ,388, entitled "Methods for Using Linear o r

Cyclic Voltametry in Assaying G ucose and O her

Bi ol yujleammeriiy SystémisiflordAsdaying BindogicalAnalyites

i ncorporated by reference in its entirety. BACKGROUND

The quantitative determ nation of analytes in

bi ol ogical fluids is useful in the diagnosis and
RERERENGINT OoREATED ARRHEATIMNSr mal i ties. For exanpl e,

determi ning the glucose level in biological fluids,
such_as _hl - LS ot icabet i & ohAOAM
who %?ppﬁg%boenn{jléwgﬁg%&@]ﬁ]ﬁgidr? %156356\}5 S‘Sggéﬁt)ggﬁlt&t 0
N%eQG'/‘B‘?ﬁ %Sgl%rﬁitl@kje%em%é f6r UBiRigdahémror Cyclic Voltammetry in
ectrochem cal nethods have been used for such .
ARy iPgS@Ricosa antiddtien Bielvigial Aviabgen s ditedbdayubd 204, which
anal yte specific enzyne, such as gl ucose oxi dase or
is ghewpeatee bydetajenes i ity enidrgial yze the oxi dation of
glucose in a whole blood sanple. During the catalytic
E&My the enzynme, the redox center of the
pts the electrons fromthe analyte. This
redox center could be the flavin adenine dinucleotide
( FADyhotughtitaase dexdraasstiomof hielytszyiioogo deids is useful

such as pyrrol oqui nol i ne qui none (PQQ f(?,r, t he gl ucos?
indbeyHegyenased treaenmentedftptonsiolegigal appialitics. &7 grample,

oo e 2 SLEESLALEY A AEEL AT
£ th Ve, Fi nal for
g R SO 05 S SRS B v

td &% Uia{%é%ﬁ’éiﬂ@(ét@ﬁﬁ@ww(ﬂ@aﬁmox pair, is oxidized at
th§ el ectrode to generate a measurable current. This

pr ocElestroelyelical epethsdnhade bgen heed 601 sHwhrRureqers: i ons:

(1) Gucose + Eox = = e + Produi:téZ% ERed + nMedox =
An alaEdseem cglokiosensor may use an analyte specitic enzyme, such as

glucose oxidase or glucose dehydrogenase, to catalyze the oxidation of

glucose in a whole blood sample. During the catalytic oxidation by the
enzyme, the redox center of the enzyme accepts the electrons from the
analyte.

This redox center cou!d be the flavin adenine dinucleotide (FAD) of
glucose oxidase, or the enzyme's cofactor such as pyrrologuinoline quinone
(PQQ) for the glucose dehydrogenase. The electrons acquired by the enzyme
then may be moved to the electrode by a mediator, which is converted to a
reduced form through oxidation of the enzyme. Finally, the reduced form of
the mediator, such as the ferrocyanide species of the
ferricyanide/ferrocyanide redox pair, is oxidized at the electrode to generate a
measurable current.

This process may be represented by the following equations:

(1) Glucose + Eox == Ered + Product



10

15

20

25

30

(3) MedRed = = Medox + ne where Eox and ERed are the
oxi di zed and reduced forns of the redox center of the
wenaosna4ics especti vel y, while Medox and MedRed aCe/USk®5/017009

xt di zed, and reduc or ms- of the nedi ator,
@e@%"egt?l\\/@f@f :I'ﬁen&?eé{ﬁﬁ'cf ¥t he enzymatic reaction
oW eBg.s ILUCORfeEiaGl AeOr gl uconol actone. One
(el egtrgchem cael omc;‘rt gd, whi ch has been used to

wera tFof §nditab yirethd oxibildoghd eddudedifdams o$ tiorddexeddnter of
For exanple, Heller et al. described the coul onetric
theeenome oiespedive bl whide dfeds sadn¥adk:r anetitesoxidizgdsind
Pat ent, No. 1 20,676. In coul pnetry, the anal yte )
oI RS Sb i R HEPRS AR | The B eAbcs gh o enumgtic
ré]e?&lti%'nzrh?? btellff m%%tcﬁj&gmcgn?[]asc@é. vol ure ‘and
ng h e ti

integra e curren ver ire of oxidation to

pr odune blaetretiesrhidat dhethOAr @RiCERALSEMH LS thquandyt e
concentration. In other words, coulonetry captures’'the

abhalytds iarmalugicd flglids; as eomliontndtry. t her eamsple, tdlliep et 4
I mportant aspect of coulonetry is that towards the end
describasl thetca emetic methed &1 whalegdlopd glugere, mepsireareats in

S5 ARINREIREPE TR T
e f > i Bl
SRS PR R Sseul ORI A g

siakl| oyl g eagrUindégades efatnaencsvedfthé iencof ogispaoditvg
current. However, the coulonetric nmethod requires the
peashyslecthe aleciviealsihmigefeprasending the analydeneootenimatign.eln other

As a result, this method is tine cfo sum ng.and does
VSRS, SR RELTY IFEPFUSE e iRk AmQHR A gluepse Bithin the sensor
st?il ectrochem cal devices, such as gl ucose-nonitoring

pIpOdUCt s, demand. Another problemw th coul onetry is

that Al SsrR e a¥ebetdt @lIdhets §O&RI tGRhidsTHE enB%f the
controlled in order to provide accurate results, which

intagrabiendiufrfé ofithargetvs. emepdise pteduoddcideha cleargdabhhgas

el ectrochem cal nethod which has been used to_quantify
bagames exlativelsiconsiging i vialdipgteady-ssatp&ionaiion;. This steady-
s SadTR SRlne Sl S e ERETAITE o Shelife T rbiuedy pesion in
the curve, thus allowing accurate determination of the corresponding current.
However, the coulometric method requires the complete conversion of the
entire volume of analyte. As a result, this method is time consuming and
does not provide the fast results which users of electrochemical devices, such
as glucose-monitoring products, demand. Another problem with coulometry
is that the small volume of the sensor cell must be controlled in order to
provide accurate results, which can be difficult with a mass produced device.

Another electrochemical method which has been used to quantify

analytes in biological fluids is amperometry. In amperometry, current is
measured at the end of a period at a constant potential (voltage) across the
working and counter electrodes of the sensor strip. The current is used to

quantify the analyte in the biological sample. Amperometry measures the
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wor ki ng and counter el ectrodes of the sensor strip.
The current is used to quantify the analyte in the
woialsagseal sanpl e. Anperonetry neasures ther aPeTAlS2005/017009

AT T R RO
o SL0R8 e ERLTEL T ROl 850 o

b?s@ﬁ%r@?ﬁve%e@ﬁ%e&éﬁbe&,fbr 2Ra@p% irf0dS. RaAdntINGd. 56201557 9;

nperonetric nmethod sanples the anal yte concentration
5rteel, 86 Breb,d 581G dadshy il A ToyTime asyerometriemetinod samples
that is proportional tq the diffusion rate and the
thsuanalvigresientiation neer theeelgrpge surfaceiby erasHragdhe current

it % RVELRP Bk can P Mian Jothghel R B ERE SRR DL s

aﬁé’i"yfe?nt change with respect to tine is very fast
Iniltially and becones slower as the anal ysis proceeds

due nadibddyaphagegb i ersmh pir@nedtrit meethndds thyd ngndidablystae
process. Until the consunption rate of the reduced
neiedé of d1e avrreniaftdrepphdds asweteaiial. efirarate oheudent duange

rate, a steady-state current cannot be cibt ai ned. Thu]s,.

WillaSP PO TER 15 VAT TathINHE Y ANOhReIounes SIWEr 85 fhganalysis
. i at . .

oREEEY Bt B SRR A R PR RS

UriTReRéd éﬁhs@ﬁﬁﬁéﬁ rfe dTRAS Vel G damabidiesat theadifodd afthce
sanples is the effect of hematocrit. Hematocrit is the

eyohlaniee diffustoh Mteoa siealy-statdBOreskgaresd et @stamed. Thus,
percent age of the volunme of RBC in a whale bl ood .
MeRSPIiBE aTHErans fuirieera nonsfagdy stite fifes BERPE ForY Rapswsiated

e PRy LSNPt o
det egy, OGO &t %ég%gﬂfﬁﬁéa%ﬁﬁ%p@y%?% ‘Nholetblood samples is

el ectrochem cal reagen

tHe effensdhenaietiideHAsrensitds MErBiubte 6f Jechbidoll ddlle (RBC)
bi osensors avail able from Bayer HealthCare, LLC of

eEpidssad as & percandagerpiibiesiadnmerof RBGdraswheledviapispmple.
The deeriard e fRbNBOls BIRHERPIFR iRsedirpappst 200 60%
oHBSL RN SSGHET, U2 () Brosensors avaiab

Reagent biosensors include any system that can detect glucose in a
blood specimen via an electrochemical reaction. Examples of reagent
biosensors include Ascensia AUTODISC® and Elite® biosensors available
from Bayer HealthCare, LLC of Elkhart, Indiana; Precision® biosensors
available from Abbott in Abbott Park, lllinois; Accucheck® biosensors
available from Roche in Indianapolis, Indiana; and OneTouch Ultra®
biosensors available from Lifescan in Milpitas, California.

Typical electrochemical sensor strips contain a working electrode, a
counter electrode, and an optional third electrode. A reference potential may
be provided to the system by the counter electrode, if configured

appropriately, or by the optional third electrode. A reagent layer with an
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Typi cal el ectrochemnical sensor strips contain a

working el ectrode, a counter electrode, and an
wopbisanale4 t hird el ectrode. A reference potenti 8CTAE005817009

provided to the system by the counter electro [

enrzsrrfei @tﬂge@ @lpp@@@xidtaléqe 9,rygmcoa§/ deRed@genasmpn B m'eéiator

e] ectrode. |

sughaedagicaan s ey GoioneTo GRRKEEoiPafied onto the
| r ' ' ' i

EREHRRGED AT LR o e BT BElymer

asQREBikdne wor ki ng and counter el ectrodes with a pol ynmer

as the binder. Exanples of polyners used as the binder
of thammsagehpslyinertkwded GMhe bendesxf thereaggnts include CMC

cel | ul d PEO I hyl [ . it
<C?Loox§+ ﬁ%ylf‘{%@mgﬁm@q&@@&g}'ﬁd&e@f oEh AL of
e reagent ' ' ' j
VAo a B g Bh e Ro A eblridis P RS Eedeell ByRPthay
assisf frfﬁﬁerit% g cheIFs'ﬂEre?)%ﬂﬁﬁ thémi forinScdrBite th¥ electrode
printing efectrodes on an insufating substrate using
sufitlcki pl e techni ques, such as those described in U S.

Patent Nos. 6,531 ,040;, 5,798,031 ; and 5,1 20, 420.
The Prefayehly, thmsansos stripr isoede Bt NG SABERPFRS Ahan

mzéih%%‘rwg{sﬁf e yriamninle e bUeS st Rsdho§ Hsribed n

a r e | i Ei

USRI ERS ST s AT A B R TeRpfan be
c<§-gﬁht&§oﬁtocﬂh$erv%ﬁ<i!@gltaﬁ@rcouﬁtetr@nmtddeelwuh a rdixther efd

eagent chemstry can be either printed or
glnicos®oRielitink tewaty srpmrcht &l gl uopreooxiHesesr wied iptaingich as
counter electrodes usjng the nethqd described i
fegigyanidena Bydieahiliapehmeshichasi Hetgwfeé‘& %886@?%%{“* an
2003,. Serial No., 60/5 with the reagent on the
AN ORT R é\@%rt' PB%aEBrﬂlté%ﬁ&%%{he enzyme, the nedi ator,
the R%Vr{ﬁrveﬂp%] Ji@‘@Ferﬁ'Feé%}%t%ﬁéﬁﬁﬁfy eirebereagier printed or
containing a éo.u 'e redox species, which could be the
@B @sosited sepaiatélorons thk Woekiegtandacuuratepelegtredes Lising the
one enbodi ment, the polynmer used in ni cr_o-g,?p sition
miethcddesxribedrist .S celovisionral pasaimpRdisatien luépcf Siteber 24,
bench-t el ' [ '
2003, Seriaquo. g(():/t5r1g?ﬁgnwtlzt%lthler}géée%r{%rﬁtt%e%éﬁ(ri}ng electrode
containing the enzyme, the mediator, the polymer and that on the counter
electrode containing a soluble redox species, which could be the same as the
mediator or different, and a polymer. In one embodiment, the polymer used
in micro-deposition is carboxyl methyl cellulose.

Examples of suitable bench-top electrochemical instruments which
may be used for reading reagént biosensors according to the present
invention include, but are not limited to, the BAS 100B Analyzer available
from BAS Instruments in West Lafayette, Indiana; the CH Instrument Analyzer
available from CH Instruments in Austin, Texas; the Cypress Electrochemical
Workstation available from Cypress Systems in Lawrence, Kansas; and the

EG&G Electrochemical Instrument available from Princeton Research
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may be used for readi ng reagent biosensors according
to the present invention include, but are not limted
woapostihei6BAS 100B Anal yzer avail abl e from BAS PCT/US2005/017009
Instruments in West Lafayette, |ndianpa;
2R

lnzﬁﬁgﬂmrﬁeiﬁwmw?]ewem@ﬁedb|Fé< i BF Pprise RS enE

. Stinm, N ] i

inglide s AR B0Rr X BN T hiel Bl B BAL SR CoMRIRe T ©"
and Ane. &G Hregteaehed) pale 'aﬂsérfzk&ﬁ%ﬁn@‘é&hél\gi\%k& from

Pri nceton Researchlnstrunments in Princeton,
desssey.orbhangibesodés. phind abiliey bittis seresot $o nmedsudegluicese is
Ascensi a Breeze(r%iand Elite(r) neters of Ba

aftmtend pathicoRBCAIbrk dem diffusiasr o@?hecr@@aﬁﬁyeamée&ﬁhin the
B B G S
t he . . .
e G R PRI, ARl have
sigmﬁ%ﬁﬁﬁﬁ%é& drtiheeftcutgcydbfrthetgl yedseanedduremehtst aDepending
i ffusion of the reduced formof the nediator, the
ohemmhenraiacritileveliaveewhots gloiodi saamlej theaRBCarausde bias in the

accuracy of the glucose nmeasurenents. Depending on the
glyease radings evel in a whol e bl ood sanpl e, the RBC

ond Tallalt Blra0at g% Bt fes BRE P nbosfi i AR ARt
rdRRHGRe hamh ST Gfdct bf &ld &bl ©blddiPonied ?ﬁs@itﬂ%gl@@owe

resulting glucose neasurements. For exanp ara et
nidasuriemdts. FEaeahpy Olfard 86 aB72 WdiSs hiesetNa a@f 53d 2of

using the ratio of currents froma forward and a
diselosed @ pethast phusipgtherate eformieangafrem afotwad and a reverse

hematpcrjt effect in el ectrpchem cal .al ucose .
PhieRYar BHsR(S Copqsdie tof i Remtly @ et i fi8rechemical

9 L1S¢ n

S S N S e el SR P

sigRNB el Rl eelraRgeHf frerilatidivasingdliangartibles to filter the
hematocrit effect. Carter et al. in US. Patent No

RB(B28m3%e aectcddssdfacepthusotdotingsthadematodeat effedi @rter et
of the el ectrodes conbi

i L4 SoBetent ho. B GUMBORBIAOTesra PN ALSHE 4 Wift spacing
oL 5 AR B SEITAUT ) LACHENBO DB P
($OnaeRASIb L@t pol ymer to mininize the

These conventional techniques for reducing the bias attributable to the
hematocrit effect include (a) co-deposition of a polymer to minimize the
hematocrit effect, (b) addition of various kinds of fused silica to enforce the
filter effect for the polymer layer, (c) compensation coefficients based on the
ratio of currents from a forward and a reverse potential pulse, and (d) self-
compensation by utilizing the existing solution resistance of the whole blood
samples. Although these methods may be useful, conventional glucose
sensors continue to exhibit significant analytical bias attributable to the

hematocrit effect. Thus, it would be desirable to provide systems for
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hematocrit effect, (b) addition of various kinds of
fused silica to enforce the filter effect for the

woabosresichayer, (c) conpensation coefficients based2m8017009
the ratio of currents froma forward and a, reverse

q@?téwmgaanadmesm bisegical fluigs s inapartinglar itm 8Birose icontai 9f
I Sti sol ution.resistance of. th | e bl ood
whafeoPleot, R destioeRcies Fof BRaTerlyrosf alefur
conventional glucose sensors continue to exhibit
significant analytical bias attributable to the
shsMiARy it effect. Thus, it would be desirable to
—provide systens forquantifying analytes in biologica
f 1 ui bisoné aspmt t theuheentidreptavidesse mashodof deterping the
bl ood, which redyces bias fromthe, h nato$nit ef f ec

CW?VOP@fW pedh,a Pl e ESra 4ag A a@/tchsacan
0] eter,mni;n t . G i . .

S SpbR R SO0 0 Ao el
Sanplrﬁaﬁ&ﬂeﬂggfe;cgﬂntgfensvémﬁ)rpgwsraahh@@haphaedawte

anal yte int e. I n anot her aspect,
micavenhg aovieepfordiseraninangithel coraeatmtien méaswaniahge in a
device, for determning the concentration of an
sampley fTaeianalyte anpaseringievigraingtudaraismichg saavnieg

L R T TR e
n}”e%?@ﬁréé nd, Jev e deBGt HICBHAS dbeRecINMRtIBY bIeRtf@Mt act s

trical conmmuni cation wth a display through

cBhPEURICEabN Wit Hidigptay tHreugleetatrisdirdiruitng] UHeseator strip
l east first and second sensor strip contacts in
ired| edes atdahstdmsirand ssondrsensehstepwonkadiyireelestiaade and

a counter electrode th h dyct .. Wh fi
coumenceliapert 3 enTkigE Pleadedgaader CauebPerPAada/ iR
t irst |ayer.incl '
e NS s BAEAT Rl R Y RIS 2 dRciBlo anc
thd ﬂf‘sﬂay%?"ﬁ%ha@s IR 3N SEBOEA SN hE AF | @kEoRE Oyecled of & medox
anot her’ aspect, the invention provides a nethod of
pelft Bdthrichelit hed dierae starating measumemental evieesi are provided.

sanpl e that includes applying a voltametric forward
| i nedm asotherespediethednyeefompsavifehg Odésfﬂqﬂ?w@mng the

COUFPRIAIEN AR SRR HRI UTPHCT CBAHY Pt gH 15 3 § paemmetric
fgrre/\?e{r}ﬂtlﬁméa? sé%etosﬁ'gjéaﬁwple, measuring the resulting currents, applying
a data treatment to the measured currents, and determining the concentration
of the analyte in the sample.

In another aspect, the invention provides a handheld measuring
device, for determining the concentration of an analyte in a sample, where
the device is adapted to receive a sensor strip. The device includes contacts,
at least one display, and electronic circuitry establishing electrical
communication between the contacts and the display. The electronic
circuitry comprises an electric charger and a processor in electrical

communication, the processor in electrical communication with a computer

readable storage medium comprising computer readable software code. The
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I'n another aspect, the invention provides a handheld
nmeasuring device, for determ ning the concentration of
wanoeEnalypte in a sanpl e, V\,here the device is adaptusehosn17009

receive a sensor strip devi ce incl udes cont acts,
C@mpu&dsrﬁa@%iféeépﬁmaa%%@mw ﬁ@@%%lﬁﬁérlty #\&WPFWSOF causes

AR APl O L, R W vative
?r{é%dtﬁ]%ﬁ 8RdR) SeltahimehiRr@§hnidd @ processor in

ectri ca communi cation, the processor in electrical

COmembmtrlt@Iﬂ)rwldh aacle@m:md eonsistadabhéerstandage ofrédi um
ITPFI sing conputer readable software code.
pRreiceationt evd cledmapthe followieg detoidions wieRreddedt ed by
t he %ocessg causes roces

sem RERG alnedipipy’\ig ev'Qegé‘ﬁé‘/ oé@ th£m9g$W'g%Q or
u%@HEE%@thQFma&rtré’rﬁlférWMr'n%ré% iopg: A hefisk F|§é3reagent

rOVI e ac consi stent un rstandlng o

wﬁﬁ’r‘?‘élédt:%hbﬁﬂceﬂ%aws@ &% ist i thelahalitaof fekbiast tbmmﬁfowdes
are provided. The term"nediator" is defined as a

forithetindicecttrhadsunrayebeobtbiedinadyteorn resinpdistiasystematharay
transfer one or nore electrons. A nediator .iis.a
meghigientinAArEaes @) regex seaiancial respansesiosthgRXIALIHPr ¢ he

e B BT R P g
tfteﬂ(‘?p%@?igarteﬂbx%%fﬁp he W& E%@%U@"én‘dﬁs&@%&t@dtt@ its

atron or reduction o he anal yte.
oggnﬁi]mmg@“ronrmﬂubed nmedi at or t hen under goes the
opposite redox reacti on at t he wor ki ng el ectrode and
i s r&heremnat’eaticorenctont |sgieﬁme @suajﬁhemwahmwn brafween
term "redox reac ion

W SBEFI6R BV IhEVES It éb 19t e by Te o R s speges
t%é&g?@ri& s@%ﬁefl ?ﬁﬁg ggrefd HQTedctidil ﬁ{cllﬁcﬂ’%cérﬁﬁx{o%tle sgeend

X reaction | nc es an oxi atlon

réd\fktd, eﬂ#’ébki@iﬁtloﬁhﬁli@é@lﬂ@ﬁ thenchaidn feldivefthiehess of at Ieast

reaction involves the |l oss of at | east one el ectron
ohbelddtraat bg plee fiess spedies, evhie the chetction Heaf-¢eltviolves the
i nvol ves the addition of %I east one. el ectron.to the

agé_ﬁmo Sqié@aségneﬁ{gcqr@htq %ﬁC@@ ospeg|e§p edonjg,chargg of a
SGEL it SRR IO SR R e
NURTB & SFREGR R trdhsBRRA . BBikkAdde, the ionic charge of a species that
is reduced is made less positive by an amount equal to the number of
electrons transferred.

The terms “redox pair” are defined as two conjugate species of a
chemical substance having different oxidation numbers. Reduction of the
species having the higher oxidation number produces the species having the
lower oxidation number. Alternatively, oxidation of the species having the
lower oxidation number produces the species having the higher oxidation

number.
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is reduced is made | ess positive by an anount equal to

the nunber of electrons transferred. The terms "redox
woaies/11arce defined as two conjugate speci es of PET/US2005/017009

chemi cal substance having different xidatign nunbers.

Redubit imofoxidetiapeEmbeT hindeigiecis RedREPabianiFYRE of 2

nunbe roduces, the specie V] . i datj
cimﬁ%leh e,sa'@sefggb o8N gRO B bl oot Bl SR A<,
: : tHees Cil '
Rt A R ol

nunbeé tdren tielenisleasdopairbisadfirenhaca phargfeeddx species

chem cal species, such as an atom A hi gher oxidation
wharebthe, sepatatii casbetiaen, thedorverrd anskiavelss, Scang ohtheiespi-

int?&;rg{aitsi@g\?‘éﬁr’g ;‘ggqelévr %&gg %ﬁﬁ%&ld Igl?\%oflcéfe:sﬁgﬁaﬁsgﬁ ('aﬁ ]'Oﬁ%F eg&% ple,
SRR RN e Ao SRAL B0 Bekugenuidne foruar d

scans o e semintegral is at nost 30 nV
fedlicyhed&pdrtodainadd redfoxthter B additioansithé ek trdrasition height are
exanple, in FIG 3B the forward and reverse
sk&ﬁ/gm.- iAtileg tiak vslgegmsthé dvalfiHedglitesis trepsitiod dirfeeintersgeintire
redox pair in addition to the siss transjtion height
foward padrevese sgan |ingethirieparatiod h’u%iwﬁeﬁ‘et;“sht“neéi'ggg mv
transi.tign Line.intersgcts f f ;
exaiinn B veraliny o it Rple Roidb IS AR RURYEFI pt he
d 5‘1%?&' Lshi @%t he reversibility of the
erricyani de/ferrocyani de redox pair at the depicted
scanThakém Theadieeveriiblasidoxgyarsisilefineddsya reaiox paiswhere
defined as a redox pair where the separation between .
tf’lcd‘@pfamtvm Hetavebn hedopwarskant reyeriencass of e sagrytegral is
arger than 30 nV at.the half-height .of th [ .
argaren amoRt PR Eaeenbat e Sinfabafhn ABF i Hor gais
is defi a | I} j igal
car r ahe e o lp S s U nEg s W PR BB
eRAVICABE cAl WahirehE Wit FésPectltﬁ WltagB% rdlhgvélgroonstant, such as
reversing-point” is defined as the point in a cyclic
wdthiacythios 6% when the forward scan is stopped and

the reverse scanis initiated. The term"linear,scan" ..
i s ddhieredn dseverdpamonéiedetied 8y figeoing iy gGyglic of acyclic

scan when the forward scan is stopped and the reverse scan is initiated.

The term “linear scan” is defined as a scan where the voltage is varied
in a single “forward” direction at a fixed scan rate, such as from -0.5 V to
+0.5 V to provide a 1.0 V scan range. A linear scan may be approximated
by a series of incremental changes in potential. If the increments occur very
close together in time, they correspond to a continuous linear scan. Thus,
applying a change of potential approximating a linear change may be
considered a linear scan.

The term “cyclic scan” is defined as a combination of a linear forward
scan and a linear reverse scan where the scan range includes the oxidation
and reduction peaks of a redox pair. For example, varying the potential in a

cyclic manner from -0.5 V to +0.5 V and back to -0.5 V is an example of a
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in a single "forward" direction at a fixed scan rate,
such as from-0.5 Vto + 0.5 Vto provide a 1.0 V scan

woangal4d| i near scan may be approxi mated by aPEEAISE®S/017009
of increnmental changes in potential. If the increnents
cyabicscan éonthelfegicyaosyfesiocyanideradox pay asdiseddpsnglugese

a conti nuous, |inear, scan. [Th . | vi . .
B A N A D R R S
sc%ﬁnrﬁhgeered a linear scan. The term"cyclic scan” is
f d as a conbination of a linear forward scan and

a | iTeaferrPVRYSRC SEaT Whifinet e cheanpeangea bourl indbsding
t he oxi dation and reducti on peaks of a redox pair. For

mexaopbee foravardry reverspoterant peak than bpather auiieripgakom
-0.5 Vto +0.5 V and back to -0.5 Vis an exanpvleo
Farogremiesa 4R BICI e giarwar Erverss: RRd) shflde P@Eﬁ)&‘e

pai r ' |
foBRpishfSasn s StePedh e TR o DRER Mo WHere B [oefe scan,
sté@%%@ghm‘?rdrﬁ L5 RGY Gl OGS BeAl bdck tBef DITEVI v fmexample of

as a scan i ncluding nore of one forward or
afk ﬁ&;&flrtesdah[ rlﬁ@noﬂ%{eﬁh@e; fre aoydier scanrmey staplezrid erdat
exanpl e, a scan including forward and reverse |inear
surstamtialighe same valtagarvhet the scands siarted atmastat Pe et OF

5 B S0k ey ety Pk e P GuaR Tyit) Bgfner
as:o)gcl;g}) lnga(gfcli%r%cgﬁ ¥§;¢léﬁn&f§§qa s&é& Wﬁ(ﬁ‘i‘ﬁgt@mﬂﬂé’ £nd Verse

can ‘may art and end at subStantially the

liS&Bs RS HageupbiaAtitiNeeseatieitise skafatiod @aid reosiction2@aksof a
10, or + 5 nV away fromthe fornmal potential Eo / of

r%da? psaa'gloRopeykarmple,w than stamemaybegot, reversacyied ped yaghinitge
efined as a scan including forward and reverse || near

Stea%mtatmmgl@mj@é@dﬁ@'%lpﬁ‘y, |8X§ C{'H%%ES%P&&{\%%&H%
reducti on,peaks of. a redox pair. For exanple, the scan

r t'l?é‘d?‘?ﬁkgroz 88" and end within the steady-state

r egi ‘?Hg%mﬁ's rgllataRALAd “FRHScM@lARA dffRdad dleddrowhere
and reduction peaks of the pair. The terns "fast scan"

g ltfsit changed at &'rateraf aéddshedoasViescnefarahle fastecan
voltage is changed at a rate of at |east 176 nV/ sec.

riteeher miksegeater thanA0PabeQ, HQD, i 20GB48eG t han 200,

500, 000, or 2000 / . .
Ti!ie terms “slow scaﬁyaﬁgq’slow scan rate” are defined as a scan

where the voltage is changed at a rate of at most 175 mV/sec. Preferable
slow scan rates are rates slower than 150, 100, 50, or 10 mV/sec.

The term “handheld device” is defined as a device that may be held in
a human hand and is portable. An example of a handheld device is the
measuring device accompanying Ascensia® Elite Blood Glucose Monitoring
System, available from Bayer HealthCare, LLC, Elkhart, IN.

The term “on” is defined as “above” and is relative to the orientation
being described. For example, if a first element is deposited over at least a
portion of a second element, the first element is said to be “deposited on” the
second. In another example, if a first element is present above at least a

portion of a second element, the first element is said to be “on” the second.
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The terns "slow scan" and "slow scan rate" are defined
as a scan where the voltage is changed at a rate of at
wansis/11#e4 nV/ sec. Preferabl e sl ow scan rates aPETMSR@®S/017009

sl ower than 150, 100, 50, o&dég mv/ sec. Tt}e erm
TheyapeiRbihe gavi ‘@ dagsdwtiexsdedthy RIBSANGE AP RRGChe
held in a human hand and i s 3 . .
oefSyitnae U a8 1AV 2N s PRI HEG e, FE ek, Afirs
' lchSti SR fIMRNYEOL b8 neY EllefiBnt over at
elaval %%H%Vreg%ncgg’ﬁ}%eggkﬁ E&gg;r e, LL%, El khart, IN.n 'Pﬁlg
lehgr poatn bithadisnedmant Aatiawadpandting caalls dewribedtdse
orientation bei n%_ descri bed. For exgrrpﬂl e, if afirst
“@)"etinerfirsti eletepodsiThes theasesl the g opHoMaYsH BRY Aot mean
second el enent, the first, element .is, sai.d to.pe
theg i are Elerpents being eldRd are in Qﬁ%%'ﬁa'rcwaﬂpwgg Gagh pther.
first element is present above at | east a portion of a
second el enent, the first element is said to be "on"
BRI PESORIPTICONUWOE THE DRAWENGS on" does not excl ude
the presence of substances between the upper and | ower
el enkiGs 1Pl Bglepéctdop bed. erftbviewsanfphe waerking and epewiet

may have a coating over its top surface, yet a second
eleictipgns obe éypigel 36858 StPporti on of the first el enent

and | t.op,goating can bhe descr ] olakt L st
A e N A e e S
nmeangffag i i | riig&ldvilce.

phyar G 2 dn sEEmBlERERorh o of Gt IEORS o o

F THEIORMVINGSSrddHCshovkidvgla Bydapiaitarhogaard feord aviemser

of the working and counter el ectrodes of a typical
swadersor strip. FIGs. 2A-2B represent exterior views of

the sensor strip of FIGs. .1A-1

Gs . FIG 2Cis .
schefit¢i eBiepe phiesReMYrINE a%Fqsﬂangmﬁ té’zt.her-ﬁyé"c
3Ais a gra ing a cyclic voltanmogram from a

Vggﬁgg?o%rg@t@ﬁlﬁl%g' 3B is a graph of the sem -integral
cor r egROosdisRBwisurt £8 chir Gehs, Whkkeaheoenae gtarfriGer@Mmated

FIG 3C shows an acyclic scan, where the reverse scan

beefort énitiatiahed theferarsa aitresit peak. of t he reverse current
eak. _
P FIG. 3D presents the semi-integral of the acyclic data.

FIG. 3E compares a cyclic scan to an acyclic scan, where the forward
scan of the acyclic scan was started near the formal potential E°’ for the redox
pair.

FIG. 3F compares the semi-integral currents of FIG. 3E.

FIG. 3G shows a cyclic scan with an acyclic scan superimposed in the
steady-state region.

FIG. 3H compares the semi-integral and recorded current values for
the acyclic scan of FIG. 3G.

FIG. 4A depicts the cyclic voltammogram, semi-integral, and semi-
derivative of 16 mM ferrocyanide in a 20% hematocrit whole blood sample.

FIG. 4B is an enlargement of the semi-derivative curve of FIG. 4A.
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FIG 3D presents the sem -integral of the acyclic

data. FIG 3 E conpares a cyclic scan to an acyclic
Weamslllaglhere the forward scan of the acyclic seanmusa®s/017009

started near the formal potential EO ' for, the redqx

pai FIGF 4C-48Mlenisighesemitieryative cHieg M e ?%W%r ggf”ear

FI G : . ' J '
scat RAMEaTont B TEUC MR e SR Bl 2 Siae PedPomd £ ey

COMMIGeSF AP iE Me Lhegida R)%dccgr?é?% f8fh Fitd it 4pal ues

for thé acyclic scan o é\ 3 FIG 4A depicts the

cyclfiG. wol HapmRa adnpasdn bhtegeatulatatigbeosdealiveations
of 16 mM ferrocyanide in a 20% hematocrit whol e bl cod
the amplteredAoGvartBsian efitheniodiegunegtannfL) Hée semi-integral of the

sem -derivative, cur of FI C4A Fl 4C; 4E depi ct
Vol RESeRraTa aria/a: 48 Gus SR AarAtReTHBR WaKEM TR data
(S(%can portions of the cyclic voltamograns of FIGS. 7A,
B and 7C7 below. FIG 4F depicts the seni -derivative

cur rgat § & Lo Bﬁ@clic"\%lté]ﬁmo@rﬁns 4k AR Hesefect of varying

conparison of the’ cal cul ated gl ucose values fromthe
glub@det @rr@ntrativas th agaeowfsdi ool t anmogr am (LS), the

sem -integral of the voltamogramdata (si), and th

seniFl@e ys/desem it Btagndlt rRsGY gﬁ&%@ta@@pgrwgoa
Fl| s a set of cyclic voltanmogranms show ng the effect of
@arf’yl ng gl ucose concentrations in agueous sol utions.

FI G, 8 shaws B(E%ecicﬁg chfhtrﬁr?\rggbrﬁy FIRBLENEhé l@ﬁ‘ect of

vol t amrbgrans 7A-7C are’cyclic

vafRibATTR Blefiio il ptemapaant igueddeanincehtraton dn ivehadei n
hemat ocrit percentage and gl ucose concentration in
blebdl e bl ood. FIGs. 7D-7F are acyclic vol t ammogr ans

IR AL AN NN 3
variations in hematocrit percentage and glucose concentration in whole
blood.

FIGs. 8A-C show the semi-integral currents of FIGs. 7A-7C.

FIGs. 8D-8F show the semi-integral currents of FICs. 7D-7F.

FIGs. 9A-9C are cyclic voltammograms illustrating the effect of varying
scanning rate on the hematocrit effect.

FIGs. 10A-10C show the semi-integral currents corresponding to the
cyclic scans of FIGs. 9A-9C.

FIGs. 11A-11C show the correlation between the semi-integral lines of
FIGs. 10A-10C based on the experimental results of FIGs. 9A-9C and the
reference glucose concentration of each sample

FIG. 12 shows a semi-integral current peak and a semi-integral current
steady-state value, which may be used to determine a Hematocrit Index. |

FIG. 13A shows the correlation of the Hematocrit Index with the

hematocrit content of whole blood.
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FI Gs. 8A-C show the sem -integral currents of FIGs.
7A-7C. FIGs. 8D 8F show the sem -integral currents of
wohkws/114164 7F. Fl Gs. 9A-9C are cyclic vol t ammbgPamaS2005/017009

illTustrati ng the effect of varying scanning rate on
t he FA@naBBes iotWSéhﬁéktpeGﬂ@l.bfam@%netoéﬁ@ﬂﬁﬂ% ucose

sem -integral currents corr i th '
B IR e e A S
correlati,o Lieda P l
Tonr oo luBF R AR R bRk FUR gliePEe chentfRe/dl
fopﬁé,%lgt(ﬁﬂq Jsh%ﬂ@fr?érﬁ%ﬁrimr}ﬂ‘e&.se concentration of each
sanple F G shows a seni-integral current peak and
a saiGsi NsAgSA shaw teatesvatidy csirants of she&rwetid shamrslyom

be used to determ ne a Hematocrit I ndex. FIG 13A
FlGhona-1the!aitad earsis voltage. t he Hematocrit Index with the

DT Bt S a0, RS 2000 B, an
6¢%é‘;%{glkh versus % hematocrit derived fromFI G 11A

‘'ustrates the effect of correcting the
gl ugEe 16BN IeR thempLitHmatberit hersas due idticusf the rtegative and
hemat ocrit index. FIGs. 15A-1 5C show the derivative
p@hﬁvepé&sfflutﬁmﬁegdnmmécans fromFIGs. 7A-7C plotted
versus vol tage. Fl 16A plots th r t at 0.3
vol t@c\/éﬁﬁjﬁ%% thadere OSE'P%WV%P?E%- {5 ofEW8t ocrit .
o Al G é68 plots the % hematocrit versus the ratio of
ot PRIMARGEET ve and positive peaks illustrated in FIG
15. FEG1e9hahatise thectdiaptreetingitucisevemioft B Bembédcrit
versus % hematocrit. FIG 16D shows the effect of
uﬁﬁgﬁ@ﬁi?a@@e gumenise content for hematocrit using
erivative currents. FIGs. 17A-1 7B show th .
r espbifisse 15t ZB shewrtbeslage desnanss dnpis 9%@%%%8?‘5@%'“"

~val ues, respectively, . '
mtegraFcurrent Va ues, respyectlg(felyégf a5 %%{/&I?c SEA-
FIG. 17C compares the accuracy of the glucose concentration values

obtained from the acyclic scan to a cyclic scan having a slow scan rate.

DETAILED DESCRIPTION

An electrochemical analytic system determines the concentration of
analytes in biological fluids, such as the glucose concentration of whole
blood. The system includes devices that may apply voltammetric linear,
cyclic, or acyclic scans to a sensor strip containing a biological sample.
Voltammetric scans measure currents (amperage) from a sensor strip while a
potential (voltage) applied to the strip is varied linearly with time. The
devices may compare the resulting current and voltage data to determine the
concentration of the analyte in the sample, while correcting the results for
variations in the hematocrit content of a specific blood sample. The devices

also may apply one or more data treatments, including those based on semi-
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FIG 17C conpares the accuracy of the glucose

concentration val ues obtained fromthe acyclic scan to
wa 2005cli4i64 scan havi ng a sl ow scan rate. DETAI LBEOI/US2005/017009
~ DESCRI PTI ON An el ectrochem cal anal ytic system
intgration, rdari iy es GNss RN derbratives i PTnase ARd gosleshineal

flui ds,[ .sach as the glucose concentration of whole
vaJfaseenetrig, ?@yst em i ncl udes devices that may apply

vol tm&iérﬁs lawgéﬁeraﬂg‘ale‘s ib&Y irPMEdrite G etéPniRing the

sensor StTip confaining a biological sanple.
cHRnBETB hIdf G| SERRS nE@HBIED vt @nise( dipeeage thd syteras
sensor strip while a potential (voltage) applied to
havreeothier applisaticnsi whleld anedytey swih s chelesteTole triglyrerédes,

et M A IS et
oSSl PR IR S Pl s

inQ&\g#iﬁ%SﬂLﬂH_so may apply one or nore data treatnents,
I ncludi ng those based on sem integration, derivatives,

Syemsenervileri vatives to conpare and correct the
voltammetric data. The systems are generally described
in t Hee sysiemgfondetganEting analyte RencaHER I Ay dAClyFe a
gl ucose |

whol | ood l,e. :
“AE0E - F cBpi g e e e AR ARG e fCE 5 < o
PEPRBRBIEhns bLLRLGEMARE ol ap etk doo
treBmitsle IRbRe faopad, the ibivehoan eedy bé dildsinchalingiong or more
plasma, urine, saliva and interstitial fluid. System

sédser giravarihe heystheltseliestrodist device farg mnamegnéng a scanning
concentration may include a sensor strj

s e BT AP e TR MHBUP e fh analyte.
I t ] i i
ror e T HE N T et M SR ST D BEPRAE £ cBfief Becbde,

an§ tiléingllg?ﬁé%‘mdﬂ_gdé’ﬁ‘?eﬁfer{@r & hRASQEctBdded.PIredfe aspect, the
andhel ' ectronic device for inplenenting a scanning

wWaking srecanstepeltatrades eatynipntoated ovitipatsingle layer of reagent
concentration of the analyte. The sensgr strip_nay
Dgag’sensor.

biy raoHurdieti e/ epdiepagitienesughoaein hechinensia ALELY

In another aspect, each electrode may be coated with a reagent layer

optimized for the electrode on which it resides. The reagent layer at the
working electrode includes an enzyme which oxidizes the glucose in the
blood sample and a mediator, such as a redox compound which re-oxidizes
the enzyme after it has been reduced by oxidizing glucose. The reduéed
mediator, which carries electrons from the enzymatic reaction of the glucose
oxidation to the electrode, is reoxidized at the surface of the working
electrode.

This reoxidation results in the passing of electrons through the
electrodes and the conductors of the sensor strip. The conductors of the
sensor strip are in electrical communication with a measurement device,

which applies a voltage differential between the electrodes. The device may

13



10

15

20

25

30

and optionally may include a reference or third

el ectrode. In one aspect, the working and counter
\Vehmmnnamgs may be coated with a single | ayer 8€T1/US2005/017009
reagent by co-printjng/co-deposition, such as, in the
(eROERHRA EUTKENTTISHOSS IS thersCRRR R measdeq of thgaucose

el ectrpode be coated with a reagent |ayer optim zed
C‘?@P”fﬂ@%@@%ﬁé&%‘p% which it resides. The reagent

| ayep \aholfo¥Rskirple & S5311R0® thackH i
whi ch ox(l)gi zgéetsﬁe al uc%@a In tﬁgglgl g(%’a‘st?g#@?iémg%éu%ose "
thaasloatiabacts with & enzyedewithonmpoumndlodei bximeipxo theesgent
the enzynme after it has been reduced by oxidizin

la}géuoﬁbedlfﬁllﬁeom eaia@éahwcdLmedrmemt@mfr@@rtméém'%g@ fhs

romthe enzymatic reaction of the glucose, oxidation
woskipRelertiadd By, Imd e sYTaNLReFsiE DRV thENOHE he

' l.ectr i eoxi dation results in the

e%@@ébﬁ%ngftﬁélcggﬂf%ﬁl%tm({%gh the el ectrodes and the

sciHstreesnRuet he sensor strip. The conductors of the
‘SETTS‘O'g_S‘["I’I'%]_aTeIn el ectrical conmmunication with a
neas Uingikerdondentioral ashpetonzgip) ard caulashetagavhere a constant

di fferential between the el ectrodes. The deviceg,.
vaﬁ@@eemp@flueﬁem@e FeneUseRig AR HI LA (W TEET e mss
asure of the gl ucose cont.ent

vaRrEgnosan i rdoRE iy B8 2 8 ehdf S lgRe LA e
efddfodky %P& ixkd réttéq_\/%e%?gn(ﬂ @&t Nk the hfreRNZY ARUNGLIAH Of
or inclose proximty to the reagent |ayer. The

thl A plsdcPpoteatial. of olthenieduseadniveglivalydse perdonnoét irsariplear,
to the working electrode may limt the current passing

cheigeeracybléc mankieng Cyche vobaeragity sERNERE Ht €@mmo rﬁy

el ectrode. Scanning Technj ques Unlike conventi onal
r%fﬁﬁléﬁéﬁ;r@?ry}’émvgbel%%gﬁ’ry where a constant voltage is
appl ied. : [ [

o S el R T MR i

wWHlENel ek YAl 4t A9e v ARiressl etihed € LRatdasdaseally withitkeslat a
rate (V/sec) and neasuring the current as a function

cohsttheraa@pThedcaotargs, aich ¥ofroantkb iV tas sdhhiVhgnamgower the

performed in a |linear, cyclic, or acyclic .
e st o i ol sl 85 one stat

to the other occurs. The current measured at the working electrode may be
thought of as having three components: the equilibrium current, the diffusion
current, and the surface current. The surface current, which may derive from
any species adsorbed on the electrode, is generally small and may be
neglected. The equilibrium and diffusion currents are the primary
components represented in the resulting voltammogram.

A linear scan voltammogram (a plot of current verses voltage) may be
characterized by a plot that starts at an equilibrium current, reaches a peak
current, and decays to a lower current level during the scan. After the initial
peak current, the measured current decays and approaches a steady-state
region where the oxidation of the reduced mediator at the electrode surface

reaches a maximum rate limited by diffusion. Thus, the steady-state current
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referred to as "cyclic voltammetry." During a |inear
scan the current at the working electrode is neasured
woehbdsaistee potential at the working el ectrode ebamge®s/017009

linearly with tinme at a constant
at ’ehns:plaa@u raghon of thesaap ggplggg/? nqﬂu&fa I}#}ftﬁéﬁ@@[@?@%&ing

: r%ﬂ‘r%rhgﬁ el gdgi%agéggg@ﬁg% shedire SRt depee
COPﬁe&Egﬁ hgﬁ%%lg%%ﬂ% the working el ectrode may be

ng three conponents: the equilibrium

cur gk cohfifiefbh bishoforamrd ecdn, fana cybléc suntadi scan, a
current. The surface current, V\,hl ch may derive from

revdlyed petantial Hdeardwad ipapphied at shstantiallyi tgeg;@ﬁ@(szgapyate as
smal | and may be ne%dect ed. .The e UI| rium and
thel farinasd éﬁar@uﬁn'éhﬁsa B $qqge gbfﬂ?it%? reAPS May examine

th%ggrﬁg“@gm %@p&%géﬁ% &91'1 régre}flﬁté(? fRam oRidi 8@ 8ate (and

of "current verses vol tage)

VIé?Vergg) DRI Rl t’h%dap?%lea gAiehtidltingERition tatthanliffusion

qui T r’brium current aches a peak current, and
raftéﬁ&‘&hé rfe@o?sb@@lﬁﬂcﬁﬂfﬁéﬁttrd}@@&mrfm| ng the scan. After
e initial peak current, the measured current dec
and lapplatiaotes bnearssay- @tféllceaf\de@w&'fc\/%ﬁé'ﬂ%”lab{é)rov‘da a

et raeeSrEauRR ST A eaErTmral o ) RFPh Y She scan.
T st 5F R HEAS G aRY By SRR O US for

I'es usion-limted current

qt&?ﬁﬁﬂﬂg thé rs@éﬂ‘?—sfeh@ cahreats fesiesquashietersiale rteelouspemrsaﬁ fast
neas the gl ucose content of the bl ood sanp

scéﬁtra{escoﬁtddmbnain nﬁfrmdhle)nfahOAHﬂme@b and cyelic éCEHyI'S@‘T%’“H}e”Y
clic scan_are
mapbifaundiins ﬁm@%%ﬁ&j Mo SndafERlseARE ApRlications”
rd, sc in sone inst , [
s el Beith g LR T ks FOHRET F on-of 5 redon’ soout g5
fr on)\?yélﬁcd ?19 n‘? h&vd &Lﬁt’“pl@@dﬂl'aﬁ@@@b&taﬁ‘c&dnﬁsoanse

versa)’in relati n to the applied potential or in
in"cﬁ!cﬂh?@rbhb@tefr Reardtiffeusicn substentdl deénseasedoxhe peewy qfo
the el'ectrode surface. Inrelation to Ilnear gean
meyimtocelmtroabgmllaailym@rtﬁdytoéh%m@éuéﬁ%é%ts?é‘? us, If the

m[@%pa{tgéﬁnﬁ e it hen b Tl a0 R Carkf bleL Bk BBl iyt o)
N §uisg MSedlBeREnE SRRRh &Y tlﬁdﬁé@@Fs‘%@e‘%ﬁH%eff@ﬁe the

oxidized mediator is electrochemically reduced decreases the amount of

reduced mediator in the sample not responsive to the analyte. Reducing the

scan time may allow for a shorter analysis time, a significant benefit for the
user.

FIG. 3A presents the data from a 25 mV/sec cyclic scan of a
ferricyanide/ferrocyanide redox pair as a cyclic voltammogram. The
voltammogram is characterized by a forward scan peak during the positive
voltage scan from —-0.3 V to +0.6 V indicating ferrocyanide oxidation and a
reverse scan peak during the negative voltage scan from +0.6 V back to

-0.3 V indicating ferricyanide reduction. The forward and reverse scan peaks
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quantifying the steady-state currents from

guasi -reversi bl e redox pairs at fast scan rates.
wadadistiiewal i nformati on about |inear and cycli eCsaa2005/017009

vol tamTetrK may be found in "El ectrochem cal Methods:
carderdement dhe faimaal gasenidalii’on:05p VAl thdar d and LR

Faul kner ,. 1980.. Acyclic scans may have nult i pl
feliprut AGHE T v @ e ey el e el g 10 Lo PoErtetan

n : 3 [ iQf i

elbiBafo BEAmRInEE Mo REARR e LDuhep ERIe B subsiapaly
d&bAhmedhthe tdduchen prémidof férriceaniced thenmagspedse t o

the anal yte and el ectrochem cal ly oxi di zed during
speeEsyrrenattan thercouraei elgctrode.r Eller 38 pseantoiblecregitintegral

oxi di zed nediator is el ectroc reduce

ofdBeredaaympaRMABIHIC DO Q&%@%@?ﬁéﬂfai@@ﬁa ke EhentgaRiped on
th%%wé&?tg‘?vnlfslge}aé gyﬁ%‘?’? g%%%%rﬁbleaf , nig@gaﬁ,h\ﬁhﬁ eleJBrse

ySI'S Ul a ‘signiticant

sc%gur‘r?r{cﬁ.ﬁnihgfedt kF@oFésﬁﬁtiathr%f R revesertiugrdiipedrt #1Gram a

sec cyclic scan of a ferricyanide/ferrocyanide

presdens thaisemasntagiey of thee zoldiamragr am  The vol t ammogr am
is characterized by a forward scan peak during the

fpos,i The ecaruling geoersaneddsgmingreasingtohighes CHTEREi et they

errocyani de oxjdation.and a reverse scan peak '
WORENR AT Solheseliannefaes ety Gale B RNabhgefal
d,na [ f i Cy-ang '
E oo 6 SRs R PYAHAR of B LRBe o CpURE I A tgpleted

afed anld @92 ¢Bcedtratibg gradientied the/d ettrddey aftideoneetoxation
pai r, when referenced to the counterelectrode. In thjis
gasipettcredthe apivéng farce dor additionainmediaspeist didfyse feward the

substantially determned by the redyction potential  of
efestropey Anicae1bipadonENgse f%e%%@@dé@? fhe 'EH@EHEW%W RgRK In
counter el ectraode, Fl resent
ISR PEHRIF T RUSREP R B BB s
oL@ 1 E@Wﬁi%g'@&&?@d@ﬁn& herdoai¥idad aAsth&sc#Ccshomges the
conpar abl e ‘acyClic scan, where the reverse scan is
ctigeni déixd abefaprohdtidsithtistradgistdtbeegienefrom cud.Bent~0.6 V
_peak. FI 3D presents the sem -integral of the
iraEl&1 34. Jbarcuriemé naerstrachiy ieodeany-stalgdestay may be
cépr‘éfa?é‘ Iwrlll%l ehclo%hc%;wtrgﬁgrrl %rf]ttf?e Peeﬁjrceahn(%ediator, and thus, the
glucose content of the blood sample.

While the potentials where the forward and reverse scans begin (the
scan range) may be selected to span the reduced and oxidized states of the
redox pair, the scan range may be reduced to shorten the analysis time.
However, the scan range preferably includes the steady-state region for the
redox pair. For example, at a scan rate of 25 mV/sec, the concentration of the
reduced [Red] and oxidized [Ox] species of the ferrocyanide/ferricyanide
reversible redox pair and the resulting electrode potential are described by
the Nernst equation as follows.

=5 + XL}, 1O
nF  [Red]

0.05910g [Ox] 4 E°'+0.059logiox—]
n [Red]|=— [Red]

T=25C E +
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wor ki ng el ectrode as the potential increases relative

to the formal potential EO" . At the sane tine,
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ma e.reduced to t he ' '
ot & B osBReTaurord ney BERRH TGS R g0 opR deo.
aﬁ?g@%&%&a&“ﬁ?mﬂe&&@' bterftR @¥5emhely.at a scan rate

he concentration of the reduced [ Red]

d i dized [[OX] .. ' . s

rer B ) iR ae Rt B Brracyanies har 10%d @
e.r | i i

S AL AR A L A e

oVREKDRGT EhErddiRdE shecieefaetangeuking di¢ctram Aedd mV, the
potential, the formal potential EO' will becone

osidagoanateds liynizer oy how fasetheqedureh feran phpwemediatogcan
bR O ed hy Be el A el G
Y e e
1810 5yt 0 ooty sonc oot

pRALi@ad.i al at the working el ectrode will be
approxi mately 60, 120, 180, and 240 nV away fromthe

zer O pOtLALiBe sySRFRE Gt ¥ lé: preferable to provide a scan range of
from 400 to 600 mV, thus scanning from 200 to 300 mV on each side of the
formal potential E” of the redox pair. For quasi-reversible systems, it may be
preferable to provide a scan range of from 600 to 1000 mV, thus scanning
from 300 to 500 mV on each side of the formal potential E* of the redox pair.
The larger scan range may be preferred for quasi-reversible systems because
the steady-state portion of the scan may occur where the plateau region of the
scan is not as wide. In addition to redox pairs that are inherently quasi-
reversible, fast scan rates may cause a redox pair that is réversible at slow

scan rates to demonstrate quasi-reversible behavior. Thus, it may be
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Thus, when the ratio of ferricyanide to ferrocyanide

is 1000:1, a scan range of + 180 nV to - 180 nV would
wonresitdeicgsubst antial |y conpl ete oxi dati on of t ReT/US2005/017009

reduced species at the working el ectrode. At 180 nv,
prefeealoleitd atrovideratasgarauasitavess bie o rrase farerevesikled

formof the nediator can diffuse to the el ectrode
re@@)‘mﬂe&}tf%éc?r?@#)i-hi s potential forward, there exists

a diffusion-limted steady-state current regi on. Thus,

i f tRvefarahlyy si kegstpdhi, 0, 16905 450, 208 0MMY QS hieasly-stalegegion
potential, ~ 200 of steady-sta

sprovloudy poselesid st Bngae e pbotar aed b ey BRing paint
to i S )

fob 84X g AFoAT00"t 5 a6l 4 A A 2880 M, MR 50 o

3RPRANt G T 1306 ReV I &IRSMPET S to BB rAvViasistaaelyestaehbgion
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?Qﬁgé? E’mgr‘)f
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oMYNT206 & 260680 REdd Y@t regiondy @revidkd. at sl ow scan
rates to denonstrate quasi-reversible behavior. Thus,
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Abga e SEndhFd bt WPl A e

rer\%?’s%r s%ag%t %%)wxiﬁ%'iel? -GYoI5 ©\OresBlk¥¢ i Bn2ieqglid scan that
sel’ected so at from25 to 400 nV, from50 to 350 nVv,
irfc? @cﬂ%dlﬁ‘ﬂ)ré of 3forMardcufreahpaaistian theFenarsefcurrent peak.
steady-state region is provided. For reversjble :
Feyrs tteers |G t Ble comp@rrgongwgdﬁ e pepk guprgnts ebtaineddog thecyclic

scan may,.be sel ect t hat , f 18

eomh 00 Dty Seclmet e igh g i siuivar,
on quasj - Leyer.si A b i ' i-

Ay B SAraf UESE P S AR AT p URE ORI S0 WRie e

irk88al of AR0sdEMs WerbNoHEDth FIG 280 thy sefadyisead yusieat eeading

region is provided.
of the plateau region of the return scan was further established, permitting an
accurate current reading in as little as 50 mV from the reversing point.

In another aspect, the reverse scan may be terminated before the
reverse current peak is reached, as depicted in FIG. 3C. When the forward
scan was started at a potential sufficiently negative, such as at -0.3 mV in
FIG. 3C, to the middle of the potential range of the redox pair, such as
-0.05 mV in FIG. 3C, the forward scan included the full range of the redox
potential of the redox pair. Thus, by terminating the reverse scan at a
potential from 50 to 500 mV, from 150 to 450, or from 300 to 400 mV

negative from the reversing point, for example, the reverse current peak may

be excluded for the ferricyanide/ferrocyanide redox pair.
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Once the reversing point is selected to provide the
desired steady-state region, the duration of the
woevwsrideicscan nay be sel ected for an acyclic seanusSZ®s/017009

can be seen in FIG 3E, starting the forward scan and
t er nbimtarhy the eevessasea Jsamayt b%ﬁé%&@tﬁaﬁ@%f& egouerse

Cqienasaks deacieon R e e bl L e faf current
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were nearly the same, especially with regard to the
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plotted in FIG 3F, the steady- '
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e reversin

scga?\%t@wa $RECH \V/Ede Wity RR AR SERN BN gsOIhEI oA 700 £V and a

efore the reverse current peak is reached, as
r@?miﬁg @diﬁntrt_)fB.OB rr?,fC Pidfiembteheahaangesifos caychiascastsaw itlein
at a potential sufficiently negative, such as at -0.3
thﬂr\],stEatd)Sﬂ@Ie mgion of a fiedon Bl éhai?eXFHéiep%leé‘ﬁfwa?d angh Ry ese
the redox pair, su as ~-0. nv in Fl t
oxRHaR beskBars oML GaeS 2R Yy g s adfle 100 mV.
pot enti.al, of tﬁ{ggbﬁd% ?tﬁff\]rﬁ'—int VNS reR¥rd &) f(@)ﬂrrﬁr@é iaf@QcHd"&an

reversé scan a potential from50 to 50 rom

afoRuin@ridBly sofallbf 81an3B0sé of #ROcydlicriegal whélefthematkground
reversing point, for exanple, the reverse current peak
comgnbis lewer faethefamyclihecdrer Thisyrenetisial dackgrpanrddeduction

d ir.Simlarly, .th ( . )
w;aérq%xeﬁﬁé‘é@da'@%%qcﬁwﬁw@@gLéél‘?%ﬁn%rnEﬁ%‘t‘epﬁtaiﬁ’qvﬁ?éégﬁﬁaé@ the
ermnating th h
Sl ST bl BTSSP eI s
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acyclic scan that excludes the forward and r&/ﬁirse
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H0dPraola s s g o S6r - DotmafuarE e i ihy are
t%@%l%&eo\?\{r}tﬁ %gstég‘éy—ﬁﬁt%f&rr?’&’t%létggﬂ byARE S8 i Pte@F Clates
treatment. The steady-state portion of the semi-integral, for example the
current value at 300 mV, may be used to determine the analyte concentration
of the sample.

Cyclic and acyclic scans may provide multiple benefits in relation to
linear scans. In one aspect, the portion of the reverse scan from the reversing
point to the point where the reverse current peak begins may be a better
representation of the steady-state region than the steady-state region of the
forward scan. The steady-state region of the reverse scan may be a more
accurate representation of analyte concentration for quasi-reversible redox

systems or at fast scan rates because the forward scan may not show a distinct
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the steady-state region of a redox pair that exclude

the forward and reverse oxidation peaks are from 10 to
waQwsnivsiewor e preferably from50 to 100 nV. AsPEERIS2008/017009
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ce—stan in the reduction peak portion of the
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within the steady-state region of a redox pair
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edl ns"fray be a better representation of the

inﬁ@ﬁ%‘taﬂcﬁk%l&?%ﬁeqﬁuhbaﬂ Bane, A1 eadyHmieatleRr,efiantroshemical
the forward scan. The steady-state rEgi on of th

the .
Meeivedss Euadamentals bed Appicatians (i1 268; Rlgheme kB ' Hroighal-
anal yte concentration fo uasi - er si r )
ISP RN Ca Ot G MR B SEE 1 T 2 PO iR
ot s di st - 1=3 | Thi s
MorRIdRoR e o ShELIOE E R AT SRR, DS paca
NE@@BF%@%JSW angh dhdmat97 5y i 430N ablecAo@n i, nGoto,
t concentfation of the analyte in the sanple may be
Mletedimmer. B.FuPedies napes, in tSeenittifferentiel Electrbacalyeis,"thea/.
anal yte concentration neasurement may bg et er‘n' ned.
Chiaimt. & 97He 401 296 Ohdhare, Kdhn"Ra)vIEtiPPeaeaN¢R
Elrgé!trtolc Ier%ica )f’sroéeoduerétlrrn%‘fémteme% gyngl L%ioglrsal Algorithm,” Anal.
Chem. 1986, 58, 2296; Pedrosa, J.M., Martin, M.T., Ruiz, J.J., Camacho, L.,
“Application of the Cyclic Semi-Integral Voltammetry and Cyclic Semi-
Differential Voltammetry to the Determination of the Reduction Mechanism
of a Ni-Porphyrin,” J. Electroanal. Chem. 2002, 523, 160; Klicka, R,
“Adsorption in Semi-Differential Voltammetry,” J. Electroanal. Chem. 1998,
455, 253,

Semi-Integration

Semi-integration of a voltammogram may separate the diffusion-limited
steady-state current from the hematocrit affected equilibrium current (initial
peak). The semi-integral of the experimentally obtained voltammetric current

i(t) has the following mathematical form:
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useful information, sem-integral, derivative, and
sem -derivative techniques are preferred at present.
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descri bed below in relation to glucose analysis, a
nore in-depth discussion of these data treatnents for

el egtirochem cal qurgents and the rel ated digital
i rrpf—qmenﬁlt)aﬂ(b)rswf@e%p% in Bard, A J., Faulkner,®
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El ectroanal ysi s: Shapes of Neopol arograns

dlg]h,e%}helgcféta\,, 45 2043; Dalrynple-Alford, P., Goto, M,
a dham K B., "Peak Shapes in Sem - dlfferenti al
£l ec d 1R 38BEral4f.i1390; O dham
Rﬂ?%g?\?ﬁ?fgt?mgﬂéﬂaéneenera |E egt roch(e)rln cal

Procedur b Uni yersal Algorithm" Anal.

Chent! ‘ﬁég@”gp%mng%élari{éﬁf%s%”% M, Martin, MT.,

Rui z Camacho, L., "Application of t he Cycl ic

Sem d1”f’{dé’éjr ialthe/semintegRYIoRRPEYOri ¢ Seni -
Differential Voltammetry to the Determ nation of the

Redugt henffideitanhizm efidatioh pBaarpiay,rtha steady:state semi-integral
El ectroanal . Chem 2002, 523, 160; Klicka, R
cummusmv&mbyn Sem -Differential Voltametry," }

El ect roanal 998,,,2 455, 253. Sem -Integrati on
Semi Linrit di r‘\d?ggﬁ{g@ﬁ /G0l t armogr am may separat e t he (3)

01T A0y SRR A ol i8R T RINUNR: the

henat equl riumcurrent (initial

Ceﬁéﬂflbﬂ &?ﬁﬁe%@ﬁhcé pbeEErRtatioh dihtteospdizabingpaicies being zero.
obt ai ned voltametric current Kt) has the fol |l ow ngf
e

Nuat hieatath & calt dfcslemlvmmgeallc‘ﬂryentss c¢1te|/51epne whisbtis pat

the voltametric curre obt ai ned duri ng. theyscan
tragitioriad unittipaAXPIEFTAE i€ t%\%l GURENS e 'qm@éﬁ’# Feof

() koo, B3R AR5 RSl O ef gk
current (SI) with a unit of coul/sec?. The SI current (coul/sec is only a
half-step integration from current (coul/sec). The half-step integration is
fundamentally different from coulometry because in coulometry a full integral
is applied to the i-t curve to provide the total charge passing through the
electrodes.

Although equation (2) gives a theoretical definition of the semi-
integral, for digital processing the i-t data may be divided into N equally
spaced time intervals between t = 0 and t = NAt. One such digital
processing algorithm is given by equation (4) where t = k4t and u = jA4t, and
i is determined at the midpoint of each interval.
1 LEi(GAt=1/2A0) A8

7S Jk—j+1/2

A preferred algorithm for digital processing is given by:

I(kA?) = “4)
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At a sufficiently high oxidation potential, the

steady-state sem -integral current is given by: IM=
woBABU2Q6fcoul /sec’ /2) (3) where himis the PCT/US2005/017009

di f](‘jusn on- | |1m t edést eagzz)st ate current under the
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current, I's coul /sec. For S|n'pI|C|ty, Inmls
r(ﬁﬁ)er:rg,Q*t]mﬁé tfae steady-state sem -integration
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intervals between t 0 and t = Nzlt, One such digital
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reﬁdl5Vy%ener§t@%’feaﬂy2§ﬂété2:drre¢ﬁ§m fesponaueagluoosd 8ynddntratipns.
be seen that the steady-state sem -integral current
In ﬁnkmaﬂmtuhae:hwaenwgﬁe@f thetang whit dioneseolt gwsHametry and
erorretrl c nethods. Thus, the sem -int egral curr

thﬁa@%@rﬁ?@ ieiAte @aRBR A dae §Hrr§n§@q1rgge6}m%qr may pe re uced

currents, i d

ampef atiaion IR aftbe D SPRLBIE UrhtaS 1 0As e redox pairs
aF’é"Bt‘%‘f@f@d Ft- udBBL AN B MSteg RFINN U RIGE & b@éhtﬁlb'tl@é\@eﬁwntegral
guantification of the steady-state current, a faster

froean revdreibi@ypr heasisederstida redwopaieakn exhileha shapetransition
quantified. Thus, |inear )
from the reduced state to the oxidized state (and vice versa) and a wide

steady-state region, thus making the transition easier to determine.
Ferricyanide/ferrocyanide and the +3 and +2 states of ruthenium hexaamine
are examples of redox pairs demonstrating preferred reversible (slow scan) or
quasi-reversible (fast scan) behaviors.

Poorly activated electrodes may not provide an acceptable steady-state
condition even with reversible or quasi-reversible redox pairs. Thus,
electrode activation procedures, such as those described in U.S. Pat,
5,429,735, may be used to achieve the preferred electrode activity.

Semi-Derivative

In addition to semi-integrals, semi-derivatives of a voltammogram also

may be used to quantify the analyte by measuring the peak of the semi-
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cyclic, or acyclic voltametry in conbination wth
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to’a peak centered at the transition of
sglﬂ@e{edox pair. FIG 4A depicts the

Hematocrit Effect

The normal hematocrit range (RBC concentration) for humans is from
20% to 60% and is centered around 40%. The hematocrit effect refers to the
difference (bias) between a reference glucose concentration reading value
obtained from a reference instrument, such as the YSI 2300 STAT PLUS™”
available from YS! Inc., Yellow Springs, Ohio, and an experimental glucose
concentration reading obtained from the methods described above. The
difference between the reference and experimental readings results from the
varying hematocrit levels between specific whole blood samples.

While the glucose concentration in whole blood samples is the same
for different hematocrit levels, in diffusion based analytic methods, such as

amperometry, the higher the hematocrit, the lower the measured
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cyclic vol tammogram sem -integral, and
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concet é% B 1r8REIRBeARcrtdRobhtaBd sl8ch®d fRding is made

descri1 be . oe. The difference between the reference
withdreforpgtd frethieaturraadeadin grasained for ghacobe irvatagimegand the
hematocrit |evels between specific whol e bl ﬁOd
calimpties mathpt eresianes addde heprriesitreantent indhasample, then
bl ood sanples is. the sanme for different he it . .
thedyiBher e rerags P BABed TR MATE HIBeh SHuP I taining
rometry, - ' t I I !
S e
chesvation Nine. | xelaslyothewebursid rédings bbtadiddafroedwhole
current readings wll be different in the order of 20%
b o084 188 Yoh taininigeb arreenghtoctb wilt tavelate e ernegpkive bias

di fference bet\/\(@en the 20% and 60% current readi ngs
wiibnregrtd taether el M tNBi as span for glucose

eadi ngs oé)_t % ned for the whole bl ood sanple. The

t[‘?ﬂﬂéﬂ%ﬁ'a@&m gl ucose determ'nation introduced by

var y'lrpgn?.%gﬁé&cé'sbvl/ QUE! Patb PhayelRE Rowtphed RliolineanpYeic, or

may constitute’ a mjor source ‘of error in the )
aé\f@ldéﬁaﬁni foand¥anpiregiatiohhe redpes theemerabtogrio biasi afébe

glucose reading is made with reference to t(r CLfI‘I‘ent
coreehitrajicvbdetermihation whae oweoleblerd dnenalyiee ﬁé’ glucose
concentration. FIG. 10A shows that for a slow 25 mV/sec scan rate a large
peak is observed in the forward scan portion of the semi-integral for 60%
hematocrit (line ), while a smaller peak is observed for 40% hematocrit (line
b). The 20% hematocrit line (a) lacks a significant peak. Thus, the peak
portion of the semi-integral plot is responsive to the hematocrit content of the
sample and the magnitude of the peak may be quantitatively related to the
hematocrit level.

In another aspect, linear, cyclic, or acyclic scans may be combined
with derivative data treatment to reduce the hematocrit bias of the
concentration determination when whole blood is analyzed for glucose
concentration. FIGs. 15A-15C depict the derivatives of the cyclic

voltammograms of FIGs. 7A-7C. These derivative plots show an initial
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calibration nethod presumes a 40% hematocrit content

in the sanple, then the higher current readings
wohb@imed4 f rom whol e bl ood sanpl es cont ai ni ng POYUS2005/017009
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incregae ¢h Correnkbasiookags] inBreaseo mollpyac %sﬁ afiegiepse, inally a

s R a5 R R A Bl By pyk
lofatBEYR LSS Bl Ao friFIRIAGA TS IR High&arBOIchcefrations
158 < A8Rat ocr 1 ¢ TReducti on iR dne aspect, a slow scan

reflatRdMBYmMBR: fESHIVRgshal Valudd near, cycl | c, or acyclic
scanni ng and sem -integration to reduce the hematocri
bi aswWifiletthe vatuasesftthatposiiveetrst negriviesteriviaéive egke such as

bl d i I i
thgﬁéagpiqigdagr?a%zéﬁr&ag&e%gﬁs?iéé%Eii%tré 20ROl sk
IS O i. f i
RS a0 o e B SR AR BR e edByngels out the
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responsive to the hematocrit content of_ the sagné;%l e Pt?,d
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e Qo Blor RS Relsh TR, A1 ERbes (o ol ¢
tlJ' 00fh hiSotABRhARE frtar otyudies er aopdrrndcaat naay. b&tGmbined

5A-1 5C depict the derivatives of the cyclic
\mﬁl denniroheyivaitive afatd trestm aha-te ced qercthe hrmatostit biaspidhe
show an initialjncrease in cyrrent as volta
comegnieieon, determinatianpyhen M%Q@&d AN Y7Es Foyr glucose
st eady- st at eqj-0 T . it f p
PHCTE g o e AR POt iscssFhig R hAERE oy &eom
tHe ﬁ?wa ﬁ‘héaﬁs%angﬁdrﬂoﬁé ghefe RREcCRNGRbREAROST FIGS. 7A, 7B
reflected as nore negative peak val ues. ile the
aN@l7est 56, 10 apeisi0 imgd gtlquegafter sultteadtivat oftbegwakground
such as those decfi cted in the derivative plot of FIG
vaBannaograroifcegidlagliueasidpendent, the ratio of the

negatFiI(\]/ _e 4Ip<eﬂgl|c§icttsothtehsee ¥ eir}via iVe %%?rlén%saﬁg%l I-%Cﬁ%rct, Q%, and 4E
plotted against the reference glucose concentrations at each hematocrit level.
The ovérlap of the 20% and 40% hematocrit lines establishes that the
hematocrit effect was substantially eliminated at the lower 20% value.
The hematocrit bias between the 40% hematocrit line and the 60%
hematocrit line also was reduced in relation to that obtained from the steady-
state portion of the unaltered data from the voltammogram or from the semi-
integration of the voltammogram. Thus, the semi-derivative data treatment
may inherently provide hematocrit compensation for glucose determination.

FIG. 4G depicts a comparison of the data from the unaltered forward

scan of the voltammogram (LS), the semi-integral of the voltammogram data

(si), and the semi-derivative of the voltammogram data (sd). The glucose
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concentration dependence, thus being
hemat ocrit-dependent. Because this ratio (H-DER) is
woansandisat i on | ndependent and hematocrit dependemszoos/017009

the ratio indicates the percent hematocrit |
vaé@@ﬁpwere qalgglatechugngdne éa'(bbrat'ﬁa eYe ghtne/d (93&@83&‘&%9“

R L TS AT SE LSRR Fggoncs
wzzlll‘[i(t)tf\% liIRE\P4inkd f@?ﬁ'{m@%ﬁﬁe‘?%hce ihd_BhentcyClic, or

ic scans nay be conbined wth sem - derlvatlve
dat aSetrﬁ eiatdEation Qnd&iﬂﬂﬁ/@tlt/@@a’memmtmntﬂ abowsfoofddrtiiication
concentrati on determ nati on when whol e blood is
aruhau%mefd:arclon ofithe posticn et éin ctmrerairﬁcanla@@cteﬁdoy #$  and
4 E de the se delvatlve cur rom the.for rd
hqmw@grn? sffest ponE: '3 ettty 2GR ik amedreieth

G 5T 8 PR &fehw?% e
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|8l"‘{1e The hematocrit bias between the 40% hematocrit

i ne [ N&S0

rel altna%ﬂOtere?ﬁ)%té to}ggg{ %t;a@ '%Féoshwg h(fjalhifheadystIél gtggqgig)rlin:‘l/ésnec

scah hhe dfract 18R addt i d, rraay beeonsbinadmwigh éimear, dycbap or

- the semintegration of ‘the' vol tamogram Thus, the

acetic-stenhgtandesatai itegratomedarivagye aneerahd eyjvaiedala
hematocrit co e sation f

|
RO degH e Do GOAPAFE B 5 PRGIaAC B BRiERGNent o

nal tere o
wbfi bIHEL o SIS0 TS s b8 Y ST SERRH Snpridf Bean
t %@naggwﬂ/@atn&%@nehfbh@hagkérammgram data (sd). The
ucoséval ues were cal cul ated using the calibration
CUf veViadn theetoddl dehgthedfabe istarh evielativasy heng aseinsesnvehtionsl
the plot, the sem -derivative data corre? onds vveII é;)
amperomaty eistskawisaan velirmmetssith ‘?éf@%‘?ﬁ@ Fegiaing and the

DR, T B S
CBhvERELS W theNeas 742 igkdeGlue e@de“n%V/sec, the time required to
reach a 400 mV termination point from a -200 mV starting point is 1.2
seconds. Similarly, the 400 mV termination point may be reached after 0.6
seconds at a 1000 mV/sec scan rate or after 0.3 seconds at a 2000 mV/sec
scan rate. Thus, total scan times of at most 3 seconds, 1.5 seconds, 1 second,
or 0.5 second may reduce the hematocrit bias on the concentration
measurement without mathematical removal.

Determining Analyte Concentration

FIG. 5 depicts the effect on the cyclic voltammograms when the
glucose concentration of an aqueous solution is increased. Lines representing

glucose concentrations of 0 mg/dL (line a), 100 mg/dL (line b), 200 mg/dL
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hematocrit effect. Thus, these data treatnents all ow

for a !reducti on of the hematocrit bias that woul d
wobhesrmise affect the determ nation of the anaPgras2005/017009

concentration. Sem -derivative data treatnent
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effecptishighestheonemaimcrio psrceataged nithy sa@mbe,ethp@eater the
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i i e N Eate sensriE!obe BT SIgORFLNE tegni-integral
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o S RRchhen S B DGO B g sh gyt

b@%&%ﬁe Qb QBredl QUrtdHis ﬁ?bsﬁi%hll h@@lSwrtﬁrar@is@et iF@s. 7D-7F

cose concéntrations of L (line a), 100 ng/dL

aﬁdj IgTR8P)preAN thiebct Hataearﬂ)theétﬁii)renrgbddlr(gl demai-idjegralador an
600 ng/dL (line e) are shown. The scanning rate was 25
anMbgeas agydhic gapr esents the scan data fromFIG 5

22Ener pé}frg‘éggﬁéﬁ ep loérglle o egﬁ{?]alt?g%lérgfegba Y 8 +600 mV;
however, the preferred scan range depends on the redox pair (mediator) used
in the biosensor. Generally, the measuring device will be programmed
during the manufacturing stage with the range which is to be scanned.

FIGs. 9A-9C depict the results for scanning rates of 25 mV/sec,
500 mV/sec, and 1000 mV/sec, respectively, for blood samples containing
400 mg/dL of glucose. As the scan rate increases from 25 mV/sec in FIG. 9A
to 500 mV/sec in FIG. 9B and 1000 mV/sec in FIG. 9C, the initial hematocrit
affected peak decreases. Furthermore, peak current values are related to the
hematocrit values of the sample (a is 20%, b is 40%, c is 60% hematocrit),
with greater hematocrit percent generally correlating with faster decay from

peak currents at slow scan rates.
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di fference in each glucose concentration is apparent

fromthe X-axis of FIG 6. The shape of a cyclic
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hamatagoEfiee suile fhasfzstar D9 %sz ?5%(5'3/ A SRS qjﬁ&s 118
t.al ni ng 400 cose. As the scan rate

af‘ﬁﬁ@a '3%’2 Wllgécg'a FIG 9A to 500 nV/sec in

FI G 3B 1afid o %?Q@PQM &LGehdly-Fhte c@HeentRuédintd émi-integral
hemat ocr|t a ed peak decreases Furt hernore, pea
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the sanple (a is 20% b is 40% c is 60% hematocrit)
anithesemeitegrahewmenicpeak (ye dbdded @é{ﬁb?é?W"&T@BFE’ZIC&‘Ueﬁé

SieaPESIarn salinit| 1t AR BT Ses. Bon pecphrtieg T et ndex
Hﬂlwg._;”%)@é@{@ \?/ﬁth thg%ctual %-hematocrit content of the sample to
provide the correlation line shown in FIG. 13A. As previously discussed with
regard to a derivative data treatment, a HI-DER ratio also may be used to
provide the correlation line.

A compensation equation that describes the slope or the intercept and
the slope of a correlation line, such as that shown in FIG. 13A for a semi-
integral data treatment, may then be determined. Once the compensation
equation is determined, the glucose concentration of the sample,
compensated for the hematocrit effect, may be determined by plugging a
desired current value, such as the steady-state current value, into the

equation. Thus, the ratio of the peak to steady-state current value for semi-
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9A-9C are shown as FIGs. 10A-1 OC, respectively. As
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pitdierrediapibmdimeptsofi the inventior. r Blumerons Variatientovan ba made

FIG 13A. As previously discussed wwth regard to a
tadidei fpHpwieg @é@@pi%etg?h%%wt n e peape gt NG TRVERIARy be

used, to provide the correlation line. A conpensation
E’&{Dﬁlﬁ-gn that describes the slope or the intercept and

: rghigtion line, such as that shown in
P%rﬁ{igﬁ%ﬂf\egeﬁgﬁi T rgtﬁegr al data treatnent, nmay then
be dremfiThees FIGHCA-Bheleconpend dtdnohl 4 quatiformed on a base
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ot brplatingt redterial, ssb asarminSHe teckpicres depgybaskin U.S. Fat.
N%esF g/r;ggr:g% g%d%l,*gg,l&%, o prepare an electrochemical sensor

strip 10. Silver paste 18 was deposited by screen printing onto a
polycarbonate strip 16. This paste was printed in a pattern to form the
electrical contacts 20a and 20b and the lower layer 18 of the electrodes 12
and 14.

In FIG. 1B, an ink containing conductive carbon and a binder was then
applied by screen printing in a pattern 22 and 24 to form the top layer of
each electrode, a reagent layer 26 and 28 of glucose oxidase (or PQQ-GDH
glucose dehydrogenase) and ferricyanide as a mediator. The working and
counter electrodes 12 and 14 had surfaces of 1 mm and 1.2 mm?,
respectively, and the electrodes were separated by about 0.25 mm. In FIG.

2A, a dielectric layer 30 containing acrylate-modified polyurethane was
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desired current value, such as the steady-state
current value, into the equation. Thus, the ratio of
wohespeaisst 0 st eady-state current value for PCT/US2005/017009
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fﬁgs.cg,qg& 031 and 5,1 20,420, to prepare an

el ecEmelmzcal sensor strip 10. Silver paste 18 was
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Bﬁ Qoy ScCréen printing I1n a pattern 22 and 24 to

2hOrdRd HEishPsy L3 eln oheespbcietircineasaingdedag @0 ik agepted
26 and 28 of gl ucose oxi dase (or PQQ GDH
to be handheld and to receive a sensor strip. In another aspect, the

measuring device 200 is a handheld measuring device adapted to receive a
sensor strip and implement voltammetric scanning. In another aspect, the
measuring device 200 is a handheld measuring device adapted to receive a
sensor strip and implement acyclic scanning.

The contacts 220 are adapted to provide electrical communication
with the electrical circuitry 210 and the contacts of a sensor strip, such as the
contacts 20a and 20b of the sensor strip 10 depicted in FIG. TA. The
electrical circuitry 210 may include an electric charger 250, a processor 240,
and a computer readable storage medium 245. The electrical charger 250
may be a potentiostat or the like. Thus, the charger 250 may apply a voltage
to the contacts 220 while recording the resulting current to function as a

charger-recorder.
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gl ucose dehydrogenase) and ferricyanide as a nedi ator.

The working and counter el ectrodes 12 and 14 had
weundsaces4of 1 mmand 1.2 MR, respectively, aRdTHIS2005/017009
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nmeasur j devi dapted to,. [ i
SEHER ok PR el ] o SRRRFAEN Pioa SIS agpeupudly”

.th ' devi [ '
Reeeda e RR o earyes © LuRBIEL forBERHPIENS, | o
acycl rﬁru%ﬁ@ﬂ@'ré@rdfﬂgqn%@ﬁ%ﬁiﬁio??@f thie8 Atamhedid scan may

provide electrical comunication with the el ectrical
beigrevidethby2cdfpatet rehdaldenbfietase obda seeed on thet compputer

such as the

readable storage medium 245. The code may be object code or any other
code describing or controlling the functionality described in this application.
The data that results from the scan may be subjected to one or more data
treatments in the processor 240 and the results, such analyte concentration,
output to the display 230. As with the scanning instructions, the data
treatment may be implemented by the processor 240 from computer readable
software code stored in the computer readable storage medium 245.

Example 3

Cyclic voltammetry and semi-integration

An 100 mg/dL aqueous glucose solution was introduced into an
Ascensia AUTODISC® sensor. A cyclic scan having a 25 mV/sec scan rate
was applied to the sensor strip using a CH Instrument potentiostat. The cyclic

voltammogram (CV) was plotted as FIG. 3A, while its semi-integral (si) was
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contacts 20a and 20b of the sensor strip 10 depicted

in FIG 1A The electrical circuitry 2 10 may incl ude
wanowlectsni ¢ charger 250, a processor 240, andrPar/uS2005/017009

conmput er readabl e storage magi um 245, Thef el ectri.cal
pl@ﬁsdgaérFlgséBnaw)éata Vst lletted s UBCTiPR©f thg &canfling,

t he .charger 250 I vol s c ot S
pagtights. 8¢ BBBruL: (e duulen Pehfoe Bl Rnf oL 2067 38
fuffthef iI?Mﬁ%th%Q@%hfW@ stehAG8BIOtuAARt MRthel@ntilintegral

electrical co nication wth' the charger 250, the
plRTRHERY theadiffalineeicowage the dieady-2¢e péaead hegion behagen

230. If the charger is not adapted to record cg[rent ,
012n¥ aoidotéaé,dior 24amptes wes athstansially zerecente the difiareRer

RN MR ORI e
"?‘ﬁﬁ%&ﬁ% gér%ﬂﬂ‘geglég I,%gm conduct or menory, and the |ike.

_ ( € storage nedium 245 may be a
f i xefhRERENoREUEREiRthid seRTONRRlS dEeIBENnteV] ard tiseich
as a renovable nenory card. The display 230 may be
de:riadat_ﬁga eimrd skrgi-tativative date tmpeentsadelsoﬂ%eﬁi spemheselapeed
_to displaying a nunerical reading. Wien the confacts .
iroplemensad ovitis tha blegsaehermni V&OS%F%HO@ Sfarg package, Version

electr.ical ication with the .
SIS AR TRIUER, LR RE R A AR
Eré%'tnloﬂﬂg‘rﬁ'ié#"‘(/v%ﬂ%'i‘a%?\ thedSarml eeohus starting the
anal’ysrs. The processor 240 may start the analysis in
respersmple©4t he insertion of a sensor strip, the

appl ication of a sanple to a previously inserted
senséffest of bigher glucasexomeentraion user input, for

exanmpl e, I nstruyctions, regardi | npl enent ai
vol LG Gircay ot e o Ry S A LR Blatabr e
oftware code st ar j . )
it st G loRUE il QiedirRYLsle HHRHAR: Sorliiinge,
1@@%096@9@ RHED P AN RLLE Nabiled d-enespetalely.yAs seen in
escribed in this applrcation. The data that results
tTé PIG | e pe&_ﬂncnrﬁgntkier sath ghiade ttonoartration msesanghshifted to
reatments in the processor 240 and the re ts, h
hagteerynoagentinle enthegiugase 6QBERIIALON NETERSSH E}jﬁ 2B (slePjs the

c\(/)mrrters]p(gr? ln%%grrm-liﬂt%glraqss %orrutﬁteic())/gﬁc vgngmﬁir%ﬁams of FIG. 5. At zero

glucose concentration, the semi-integral current was substantially zero.

Example 5
Cyclic voltammetry of glucose in WB samples, slow scan

As generally described in the U.S. provisional patent application filed
on October 24, 2003, Serial No. 60/513,817, sensor strips were constructed
having different reagent layers on the working and counter electrodes.

A layer of ferricyanide from a solution of about 22% KsFe(CN)s, 0.7%
bentone, 1.5% CMC, but without active ingredients, was deposited on the
counter electrode. A layer was deposited on the working electrode made
from a reagent solution of 16.8 unit/ul. PQQ-GDH, 250 mM ferricyanide,
1.8% CMC, 64 mM phosphate and 64 mM NaCl. Whole blood samples

32



10

15

20

25

30

treatnment may be inplenented by the processor 240 from
comput er readabl e software code stored in the conputer
woeedabkie4 st or age nmedi um 245. Exanpl e 3 Cycl i cPCT/US2005/017009

vol tammetry and sem -integration An 10 / dL
cogtaicioges G oigidi ghianas ahdtﬂ(%@ué@%, i%t®°a%egtg%@ﬁ@‘ia@a%ee?g§ a-c,

AUTCDI SC . vel i '
e s o aneieghineisBt B e Yo S, " on
nstrunen tel Th ' '
2RO ARG ol RoReRer A aremsan s
buﬁﬁ%@% d 8 RStk G abit (b earatsecadgsstate @it as thee samples

on of the scanning potential vs. the potenti al
inéliudie 208w andel0k tlolouematoerit.i dhasiudent derey pargesses for

further illustrat th I -
o tbemortt whol bl Dol el e e R SRR X Bl

tobev@e Gt T a8, 9 e L) YRR afiEadd fisgat cbRtfutions,
rei@g&mw.' /Q% ke gﬁ:‘fcgse WhhénhttdiRndinkfeisense the boeehetnaeocrit
eady-'state prateau and the forward current peak
whéieSisibodtsampled, the Vteadg-staet atiirent yaluardgereashd in relation to
equations used for this sem-integral data treatnent,
tharulirtene velareis\ottained dn @08k and dél % VemarecbiaRiCeat ment s
descri bed el sewhere, was inplenmented with the
EI 87 &M cal Wrkstation software package, version
¢ Ot BB 4] o ffihgibiihe Sccormani s Lhe O
660AY\/£5-T@{§FHIQ fhEAERSC @frdhitgher e usmsdiredhcenquattifpthe
In F 5, cy.cl I ¢ scanning was applied to Ascensia
g INBEDES EdrTtatighs ©f sempéass tre sami-pgegrebsadidhasa h aqueous

gl ucose sol utions containing 0, 100, 200, 4Q0
vulmmmo@ram@wwda@ﬁf@aﬁaeé/?PLreé%é‘éP'ie\?%W‘R/‘?he “%‘gsgeg iego

the FIG, t K £
cemsrsrton e psep i Bl S hrEriied iy £1Gs 84, 88
a{\@%Cg\lNléFé%ﬁtaW £BH Ald O A B aagert. Nd tife depl-titsgrals

corresponding sem-integrals for the cyclic

f6R] HRNPOBr WRB ol dodGandpledta) zes sulgdtartisdly flat with virtually no
concentration, the sem-integral current was
pealbat tat platday. z& the hematocrit evel increased, the peaks became

more and more prominent from 40% to 60% hematocrit (b, c). Also as the
glucose concentration increased, the three steady-state currents at 20%, 40%
and 60% hematocrit separated further. The steady-state current at 0.3 V from
the semi-integral was used to construct the calibration curves for the three

hematocrits.

Example 7
Cyclic voltammetry of glucose in WB samples, fast scan

The sensor strips described in Example 4 were used to conduct fast
scan cyclic voltammetry with whole blood glucose at 20%, 40% and 60%
hematocrit levels. FIGs. 9A, 9B, and 9C are cyclic voltammograms of whole
blood including 400 mg/dL glucose at 0.025 V/sec, 0.5 V/sec and 1 V/sec

scan rates, respectively. While a large displacement between the
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Exanple 5 Cyclic voltametry of glucose in WB

sanpl es, slow scan As generally described in the U S
wonresiidsiemal patent application filed o n Cct oBer/UR4405/017009

2003, Serial No. 60/51 3,81 7, sensor strips were
valtarstetrie edrraaisiat§. 3\Vi fos velammeegrams atdhe O02h V{¥es scan

ST TG D bl
S o Rl . 103, 195, a0

16C] ayersiuafy-dgRasirt@s formedchehamdtstnopelcentageds thageme
froma reagent solution of 16.8 unit/ L PQQ GDH, 250
ginivbieeconcararition, mergyh ONEthed 4s tine prassiataircraasede 4T havinitial
NaCl . Wol e bl ood sanpl escontaj ni ng 50 ng/dL gl ucose
cuiientaTeRk \wassukstargGulyHEAHERE A st I@HJRERS- a- ¢,
respectively in FIG. 7A-7C) were introduced to the
sensE?fﬂQP—E—%s The peak current fromthe 60%

”?I\Q% lid véﬁc}fmﬁetﬂ? bf Bhicds8%n %’Brbﬁﬁ{pleé; Yhst Sheptedah he

he
fastest—to avout tfe sdme steady-state current as the
sanpigsolensbod isag p2&dedreinamgl 460 Yng /o). dheowsecad 20, ABeor
current decay processes for 60% hematocrit whol e bl ood

sggmjemsgqm vBoeragich lappdied datd NSBRSTHSs ARAran aRprexippate 6
observed in Fl 7B and 7C for 100,.and 40

SEONCENaRat Fashs) VieEasdens &5y Was SpRUSHTaig Q2 0.3 v and
concentyati [ i 600 Fonmvird

i GE0 Zafp A ARG e e ARG} ot iR Rans, as

P8RS ERs Bidstib P @Bpéa@ tb IFEGCBH, einé avyd|leestanltuaremedalue
In 20% and 40% hematocrit sanples. Exanple 6

aSénie cotregpatding semi-dytegiat cuoienbvatograifs3 Whvieee ggesl i

and acyclic currents may be use irectly.to antif
detesmine s 8l ucosrR EARERATTAINS I@fe%grﬁc}ﬂég,% samples. Y

I [t f th I '
or of 1110 4747 Bt org TRE SubRIOTRATR B ¢ Récorded current
aRgERT ARLA 'E’g?lf&n'i le&@,”f@sﬁecti SHTtelbtibe e eHeSrecorded
présented”in FlGs. 8A, 8B and 8C were obtained from

chheat valbes, ABe sanfl-if@grdielaea trbgmsetiof iIFGed7 Bl prof ideah a $léght
20% whol e bl ood sanples (a) are substanti al]

fl
edadion intarelyycat b gaatwarnithe 20 A1 a6 sampigs atirbutable to

hemat ocrit | evel _i
the hematocr& effect. Fld] 0{76 é %grdﬁpatrgseth%ea%léarabc(ilcgfr{ﬁe glucose:

concentration values obtained from the acyclic scan to those obtained from a
cyclic scan having a slow scan rate of 0.025 V/sec. The concentration values
obtained from the acyclic scan are closer to those obtained from the reference
YSI instrument than those from the longer cyclic scan.

Example 9
Calibration curves of si currents at different scan rates

Using the semi-integral currents from the 20%, 40%, and 60%
hematocrit lines, calibration curves were constructed for scan rates of
0.025 V/sec, 0.5 V/sec and 1 V/sec, as shown in FIGs. 11A, 11B and 11C.
The sensor strips were similar to those of Example 4. At a scan rate of

0.025 V/sec, three distinct lines were observed for the three hematocrits of

34



10

15

20

nore and nore prom nent from 40%to 60% hematocrit (b,
c). Also as the glucose concentration increased, the

wohowsaistceady- state currents at 20% 40% and 68€a/US2005/017009

hemat ocrit separated further. Th stea%{state cyr.r ent

whaoleth|goy saimpies teategldpiFlGntlddr ahs TgsS@8data MCERRTSE fiRY

0.5 G Pe W'y AhEucny e fBud T Gy Bioved closer
i | . .

oL £ AR 0 TR L e eeverl

derbharmEl fyat il ddbsehabsubémedtsghucisie [#bodG¥mpledtragdvoid
60% hematocrit levels. FIGs. 9A, 9B, and 9C are cyclic

the dlensatoogt effect of thddVB stnpdes. i ncl udi ng 400 ng/ dL
gl ucose at 0.025 V/sec, 0.5 V/sec and 1 V/sec scan
r at ga tively. Wiile a large displ acenent

et AU LU ey 00 ol V.

g% Ssec—scahr rate exi sted,

thi spedfps Pi@f%‘%@g& agelctieAsed aidthbeRseantrthanancrialesl
Semintegrals of these cyclic voltamobgrans are shown

arldthfel 168 ghl&é¥the OBrena pea k) T heTtad ogif goedyc-eti gh tdocsteadyritate
for each hematocrit percentage at the,samsﬁ | ycose . .

cwoerddsit fsaindepengenj< the ghianse cRECeREaliann Pg%t%‘arac"e”s’“c

madicescdp indgetdine ferariaent sk f heifhod BRI fble?
vol tﬁ%e]tzr éf%f?riesghg‘?—‘?éﬁaid%riw&e%@(‘mb 85 thd Ao ofsRerdeak
ol"e sanp

scan ['00 es contal ning 400 ng/dL gl ucose

c@heht30.théQseadly-shdchaeat froni thevsanei-ietagralapphé @dle bew
sensor strips. After an approximate 6 second wait

. a
lidtasiie pdakvase plaeyc Curessat sea-iaiegraleat $0.0hWQ. andA9Q
0.3 V and back to 0.2 V. t det er.g ning the.

g WhaeBIaad slicpehead 205 T, 3030 SERAE bus

described with respect to FIG 3H, the acyclic scan

current value -andthe—correspendi-rg—ser—ntegral
“current val|ReakandPRteauErerents@$Di o deternjine the
VOB ShRaReCO[XERt rafion in €40k of the 3 W Bl6fMApl e5.
— ITA ThelR SNptafele_d9Peak SSPOpAteRl Ot fpeaRr ! |itateau
500snect L val G468 Feldbn lt o308 ¢boatddy | 42.25°1 31.74
100 " 44.4 43.88 45.22 40.76 | 44.58 | 33.44
400 92.34 93.46 94.74 89.16 70.74 56.71
Hematocrit Index (HI): Peak/Plateau Ratio
20% 40% 60%

50 - 1.01 1.13 1.33

100 1.01 1.11 1.33

400 0.99 1.06 1.25

Ave 1.00 1.10 1.30

StdDev 0.014 0.033 0.049

%-CV 1.35 3.01 3.75

Example 11

Compensation of measurement biases for WB glucose

The whole blood %-hematocrit was plotted against the hematocrit
index (HI) value as a calibration curve for the hematocrit index, as shown in

FIG. 13A. At the same time, the slope of the glucose calibration lines at the
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current values, the sem -integral data treatnent of

FIG 17B provided a slight reduction in analytical
woizess/heteween t he 20 and 55% sanpl es attri but aBCe&/US2005/017009

the hematocrit effect. FIG 17C conpares the accuracy
thade hm“eaigllccitdxs@lscﬁmmeﬁﬁr-aﬂtﬁﬁowaﬁﬂ'@ég}) agrinstieg Wbom t he

acyclic scan to tho oht ai ned frgm a cycli.c scan
e Cet FRSWOSE Mgk d 155 Bot53d Qrbing e e (and
. concentrati ' m led
908 A L8 KR PARBEE L A, BB iy S
id T34 o IRIM paserftsRipet Was LisseThizywedd sccmaplished in
Sl@g%fp e 9 %Pﬁgggti on rﬁﬁ?\?es o? si currents at e
thdifl@wary meoasrrates Using the seni-integral currents

fromthe 20% 40% and 60% hematocrit |ines,
cal i(b) afteoimeqaakeandplateasordtents from fsEMidRieeral: suchys

0. 025 V/ se 0 V/ s an \ C '

1A 1VBMRAIG 1Y ."VaﬂPgﬁ%'é‘ﬁgo&‘%@?ﬁﬁ%"‘%@r'éagmﬂ')g’raﬁ%egﬁ’as
t hose g&c'ém le 4 . At a scan rate of 0.025 V/ sec,
three distinct |ines were observed for the three
hermq?wsjiﬁgstmé whalafud)lthe do-panpitesit estedf aWBIamleAvas
As the scan rate increased fromO0.025 V/sec to 0.5

V/ sec (eu@ frobBflGthdAtLt hree calibration |ines noved

cl oser together and alnpst nmerged at 1 V/s Fl G
11C)(c) g gyér"/mﬂgr‘r@é%ﬁs\ﬁhé@ @ﬁx@pp&pt&%ﬁ@)rgtlon slope was

measur epent s i n . whol-e-b j

nemt o PPN G L Ge AT s ISR RS
Def i ni i t i sl mayfBO v &R fihd tigghahatddrizm

FI Gs. g,%?l(h':,ﬁ{% n|(r1?gtllhz§1)yia{clnshi g exi sts between the

hemat ogfdpentientint@ndpt he hei ght of the current peaks.
The rati o of peak height to steady-state gurrent gsh% .
i s i eidpendepe (astd tiercgPildese (@oMaeienasego cpmvert the si
characteristic m d to indicate the hematocrit

b
level iGH"Ea% IWRa QUSPEILSHpl e. FIG 12 defines the
F@'ﬁ] g%dvg tit@ﬁﬁ?l ek oRSud's fcb%b&s@ﬁorﬁ o @@Rle CWHERNT

Steady-state current fromthe sem-integral.

uﬁ@@r_nﬁo_@ﬁkﬁe@%ﬂ%sbiréé&ngher@ﬁﬁiwﬂrad didrabeds) while ent s of
sem -integrals at 50, 100, and 400 ng/dL whol e bl ood |,
capensaedntit2peintsi o shave 89%PRRFELAES] tThe improvement in

accuracy is evident, particularly at higher glucose concentration.

Example 12
Derivatives of cyclic voltammograms

Hematocrit values may be distinguished by the current decay process
that may follow the peak current in a scan. This feature is shown in FIGs. 7A,
7B, and 7C, where the current decay is the fastest in 60% hematocrit whole
blood. This feature also may be represented by taking the derivative of the
voltammetric currents from the scan. FIGs. 15A-15C show the derivatives of
cyclic voltammograms at 50 mg/dL, 100 mg/dL, and 400 mg/dL, with 20%,
40%, and 60% hematocrit percentages. The largest negative peak in the
derivative curve represents the fastest current decay of the cyclic

voltammograms of FIGs. 7A-7C. Thus, the peak height in the derivative
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Exanpl e 11 Conpensation of neasurenent biases for WB

gl ucose The whol e bl ood % hematocrit was plotted
wageisnsticthe hematocrit index (H') value as a PCT/US2005/017009

calibration curve for the hematocrit index, as shown
diagramh Graylsaused ta hempensatefpiether anal Wi ead diast dyento the

gl ucose calibrati lines at thethree hematocrit .
h%a’@cgltﬁ?f@ﬁ% lm\«fm%l 0 sﬁB|%let%*8€ﬁb§ﬁ‘%§%eqﬁﬂ@ Nysyated in
Fifie TER BTG “LiaBRd, WhIEh I i 5 SRR pRE for

serfi-irAtRdt hRrdlisicose values fromthe current signals,
% hemat ocri t - dependent sl ope was used. This was

acc opidl.i reshows hEof of CYwWuneninatie: st¢agdy-dategegianeof 0.3

peak and plateau currents froma m-inte . h
vl Yerows Hech ElCogalolil A tad Qe NEMaOsEF: fNisrjagiilar to
1), val ue was, cal,cul at.ed. Ii: [ I :
el v Frnseryanicerys o Bl BeEREdetes il iR wie
in@&sirﬁﬁbm@@crf@'ﬁ@. § BBIhSRETBIRf ke ¥PdrHBe r@fb of the
approptiate calibration slope s determned fromFIG
né@ive%l (dbitivie periatvaesst %depaaderit of AlG. rislAal 5@etThdsratio
~al'so may be used to find the henmatocritdependent .
isi egtoehereqbeflnltldm oflagH emapsecrit Ande, b R 6ege6¢ UsinBrAqrbativas of
then used to cqnvert the si ,current int I
thﬂacpwéentm@usl\@qtﬂgg\,@ﬂpﬁghqq ihe sqrggg[cqgra?c@&%ﬁgg?&? 16C
[of0) nsation s e r u i
S Ra T R ohp 2 RS SAE Ba FIohBA Ve BRSO cAL YRR Supilr
pRAUHLTe B fhat ROVEErAIS Nl Bti 6 Uk rRativés of copenvedre voltage
accuracy is evident, particularly at higher glucose
\Aﬁé@i@@@[ﬁiﬁaﬂ iand.thExegpliee ©2p&xtive peikewerd ussetid define a
vol tammograns Hematocrjt val ues may be distingui shed
Heynathertidesritiddctly precidatk ne wieg Palalew Rt Beak
°/c(>:- Ié:Fneart](t)crlltr]:réjlmsﬁ(ajr.] T 6Eh'ﬁ1efn(,e%w ' ?6t§~§$8¥&i foncd:rlr&st thd A
measured glucose content for the %-hematocrit. FIG. 16D showed the
correction for the hematocrit effect using the derivatives of currents obtained
by voltammetry.

While various embodiments of the invention have been described, it
will be apparent to those of ordinary skill in the art that other embodiments
and implementations are possible within the scope of the invention.
Accordingly, the invention is not to be restricted except in light of the

attached claims.and their equivalents.
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7B, and 7C, where the current decay is the fastest in

60% hematocrit whole blood. This feature al so nay be
woepsasernt ed by taking the derivative of the PCT/US2005/017009

voltametric currents fromthe scan. FIGs. 15A-1 5C

ClsAiMB:t he derivatives of cyclic voltamograns at 50

nmg/ dL, 100 ng/dL, and 400 ng/dL, wth 20% 40% and

60% hematocrit percentages. The | argest negative peak
1.1 n thmdesd vatekentningahe epnesematson beah astbse ircasaspie,

decay of the cyclic voltamograns of FIGs. 7A-7C
conmurssing:he peak height in the derivativedi agram may be

used to .conpensat.e for the analytical bias due to the
hemePOEY N8 a@f%%&t'cisﬁampﬁe iﬂ”b%%{ arluﬁ one aspect, the

h j ) ' s, = whi ch
e SRePHT U GhsuaER of MG otalfe g plevt €
sem -integrated currents. FIG 16A shows a plot of CV
t t th dy- st at i .of 0, I
2.vor S PRI §F SouBa. HeB (ha oRauft Ses i Rsh Frg grove
Thi & | s e
co kBT RS Al ke i o,

bil IRASiIRAFINELIBERRAIMPIIHL andFe&bokbRosbaitie. a pl ot of the
average ratio of the negative to positive peaks versus
% hematocrit of FIGs. 15A-1 5C. This ratio is another
defipid| dcebBfRXclaints, Wh&reQRE QnHRIE &
3'deri1\E/Ha(:% bq\%@qs&%?ﬁ?ﬁg@t%%ﬁcever usavol’tage r at herwt han
glliBgsesem -integral currents. FIG 16C shows the slope
of the curves of FIG 16A versus % hematocrit. In a
simlar procedure to that for sem -integration,
der iyal v | WRiNCHELREE WRER tABlaTRE is a
4'and @ée}nr?zg%@%@gH{/g?gg%Pﬁ%e ion aks were used tomg)gfi ne

bidldEpRt@pigle. | ndex (HI-DER). The Hl-DER was used to
determ ne the % hematocrit fromFI G 16B. Then, FIG
16C was used to correct the nmeasured gl ucose content

5ior T‘ﬂ% nfgnsgrgg ralﬁyiog F?{Ef@bceﬁ@mgsaﬁwg WheErcepersaaiplens

for na usi ng the derivatives of

whld Bljosl. obt ai ned by vol tammetry. Wil e various
enbodi nents of the invention have been described, it
will be apparent to those of ordinary skill in the art

t hat ' Ke BRSLdeRM EARMhAtWRBR keacyclic scan
6'pOSS|T@% @%&@ﬁ?ﬁ%@&%ge of th% i nventi on. Y
comprises forward and reverse linear scans where the forward scan starts at a

different voltage than where the reverse scan ends.

7. The method of any of the proceeding claims, where the acyclic scan
comprises forward and reverse linear scans where the forward scan starts and
the reverse scan ends at a point at most +20 mV away from a formal

potential E°’ of a redox pair.

8. The method of any of the proceeding claims, where the acyclic scan
comprises forward and reverse linear scans within the steady-state region of a

redox pair, the scans having a scan range from 10 to 200 mV.
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Accordingly, the invention is not to be restricted
except in light of the attached clains. and their
weqguisviakiemt s. CLAIMS: 1. A net hod of deterniningcrhszm5m1ﬂm9
concentration of an analyte in sanpl e, npri sing
9.appl Biengettochofany of eaproceeding Cslalmﬂ, evh%mdhe aCycllc scan

determ ni ng th concentration of th te t he
COéTéprffeéC hangingd M%e@ﬁa%¢ 859 Eit,a(ﬁﬁ‘érog H/‘? taL?q)yte i's
fj/ﬁs ectsd fromthe group consisting of glucose,
588 erol, tri gl ycerides, |actate, pyruvate,
al cohol, bilirubin uric acid, NAD(P)H and carbon
nono of Ihe

1@ aj dr(?\ﬁtjy?cég g%)?gﬁgyos@gcreggéguggg@s, erﬁ%ﬁﬁ ?rﬁlg%scoap
an%'fi%eéi C&}ﬁ%g@%%e\%@%e fffhg’@%r‘/‘gleé fﬂtg% af féH%Lﬁoo s a

QeeRdi ng cl ai ms, where the sanple is whole blood. 6.
m Ae met hod of any of the proceeding clains, where the
acycllc scan conprlses forward and reverse |inear

F’El'émer ig%(ﬁ WE \Zr %@Pﬁfc%@dﬁ{gaélﬁﬁnétwﬁe@' t-f\fe%%%‘l‘ic scan

everse scan €énds

E/)h Bitg Be VAlgersiaRedtag ach atatof avhesse 1v5e
I C scan conprl ses forward and reverse |inear

nﬁ,{z’m%ﬁere the forward scan starts and the reverse
scan ends at a point at nost 20 nmV away from a fornal
potential E of a redox pair. 8. The nmethod of any of

13 he PrOGRaHbAGS cah9ld1r$he phsdeedinecianyis, whescthi acyclic scan

conprises forward and reverse |1 near scans within the

comnpaigys statging tui voltage of thedoan phi ratetdfeat seaiid ha/spgond.
a scan range from 10 to 200 mV.9. The nethod of any of
the proceeding clains, where the acyclic scan

1§°”p‘Th§ @SethBaRY ARG dfhl@e yebdagéngtiaims, whare e aycht scan
of at [east 176 mV/second. 10. The nethod of any of

comerigena seah rangel fadpmet00ep@0 é. acycl i c scan

14.  The method of any of the proceeding claims, where the acyclic scan

comprises a scan range from 600 to 1000 mV.

15.  The method of any of the proceeding claims, where the acyclic scan

comprises at least 25 mV of steady-state region.

16.  The method of any of the proceeding claims, where the steady-state
region of the scan comprises a change in electrochemical current with respect

to voltage of at most +10 %.

17.  The method of any of the proceeding claims, where the acyclic scan
comprises a reversing point selected to provide from 25 to 400 mV of steady-

state region.
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conprises changing the voltage of the scan at a rate
of at | east 500 nV/second. 11. The nethod of any of
woheospneoeseedi ng cl ai ns, where the acyclic scanPCT/US2005/017009

" conprises changing the voltage of the scan at a rate
18f aThQTthCVQ?ﬁW Sk Hrharoces mgr@am/w%ersﬁﬁsﬁw%'fc §G78

RGeS SR AN bRt easoa GBS BB 7R
n%)a i%?‘oerﬁ%%ver]sﬂﬁeg ggﬁtmt hod of any of the proceedi ng

where 't cyclic scan conprises a scan range
from400 to 600 nmV. 14 . The nethod of any of the

di Laims. A > !
1€can TArBENGS ShPBbETCE BEGeHE el E ety st
co%ﬁ%pessszg gé:{};e?fﬁd%daégtt‘ég@l r@n g}’Wﬁér‘? tHd8uRENCHT tﬁe_sré@é‘rsel scan

7 st eady-state region.

dANgredBiyadesh 289 froim blvecaolyataediungnt! ai ms, where the
steady-state region of the scan conprises a change in
el ectrochem cal current with respect to voltage of at

2pst Th&%vé‘f‘?wo&%f ahP&f 'ﬂﬁ% P%&Hir?g"&la%s,ﬁbﬁer@t%@%@}tn@ scan
¢l ai ns, ere the'acyclic scan conpri'ses a reversing

chpbhtesal leaitashd wlpigevirdeidingat Rast @ 10001 adhadntration ratio
steadystate region. 18. The nethod of any of the
beveepetvangpadies aba redwer eait.he acyclic scan conprises a
reverse scan termnating at a potential from50 to 500
nV negative froma reversing point. 19. The nethod of
28Ny Phe hh@hpdasgeadidfahe padaaedivg efaéms hehawythiel acysbascan
conprises a reverse scan term nati ngégqen tllg curren\/
cofprises acheastsenaspaientialata workpgaletieens obajeastoflimyV.
steady-state current. 20. The nethod of any of the
proceedi ng clains, where the acyclic scan conprises at
obeastrhengetholtEg@ysfakie girogeeting elsmsawbeee the determining
concentration rati o between two species of a redox
cpaiprise a kenitietegeal voth tieatwgptof the proceedi ng cl ai ns,
where the acyclic scan

23.  The method of any of the proceeding claims, where the semi-integral
data treatment comprises semi-integrating current values from the acyclic

scan and determining a steady-state semi-integral current.

24.  The method of any of the proceeding claims, where the semi-integral
data treatment separates at least one steady-state current from at least one

hematocrit-affected equilibrium current.

25.  The method of any of the proceeding claims, where the semi-integral

comprises at least one half-step integration.

26.  The method of any of the proceeding claims, where the semi-integral

data treatment lacks a time-dependence factor.
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conprises at | east one potential at a working
el ectrode of at |east 180 nV. 22. The nethod of any of
woherspneoeceedi ng cl ai ms, where the deternining eoTUS2®ES17009

a sem-integral data treatnment. 23. Tgfh met hoa of an%/]
270f e mpethoekoli any ef tierpyocepding daienss wrhere fiegriermiang

co%%@%feﬁ emigEnt corepansag durdranprE bR alAld Py peak
cu6r m(tgglgteetgr a% (Iﬂ_xgt%\%cu@ent VHlGe TET hOd of any Of t he

ere the sem-lntegral dat a
treatnent separates at |east one steady- st ate current

28, T megpé qﬁ”e o oA FEER A A Helnining
, | t | t
o i %21@’?%%‘*%2 method of any ofeafhe"”e
proceedi ng cI al ns, V\,here the sem -integral data
treatment | ack f .-
2 SB35 o SERBRRR Sr g e g Wminine
co&éﬁ RS gﬂer bt ?%ﬁsﬁ%m&&ﬁg'rﬂsm%%mﬁﬂﬁgh' ftgative peak by a

si hg ing a ratio of "a peak current val ue

S?tl\?e ptgady-state current value. 28. The nethod of any
the proceeding clains, where the determning

corrprl ses a deri vat ive dat a treatnent. 29. The net hod
23U cligs svhée wetdRteiiinhg
(2 npamsg{c,etlrptggna ?)t?qt':@oﬁ'per?sa[ffgo% conpri si ng di viding

cé"hn ﬁQ&Ié B’@npééhviﬂ&/eadﬁe?etetatmenpeak 30. The nethod of
of the proceeding clainms, where the determ ning
corrprl ses a seni-derivative data treatment. 3 1. The

3L Porle Ble(RBY oPhnt R o6 BREGAING Elafhgswhikeme sehe-

r|va|ve atretrrent ttansforms at |east a

d@r‘?x?e{thférﬁéiﬁ tRaMAbhBaRLoints stleastrt poriginoof & volkametiic
32. The nethod of any of the proceeding clains, where

ctihentoregermiond pgalconpri ses inputting at | east one

steady-state current value into a conpensation
equati on.

32.  The method of any of the proceeding claims, where the determining
comprises inputting at least one steady-state current value into a

compensation equation.

33.  The method of any of the proceeding claims, where the determining
the concentration of the analyte in the sample provides a concentration value
closer to that obtained from a reference instrument than if coulometry were

substituted for the acyclic scan.

34. A handheld analyte measuring device, for determining the
concentration of an analyte in a sample,.comprising an acyclic scanning

measuring device adapted to receive a sensor strip, where
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33. The nethod of any of the proceeding clains, where
the determ ning the concentration of the analyte in
woOheossiamph e provi des a concentration val ue cl oBET/US2005/017009
that obtained froma reference instrument than if _
coul t@eaayylimcmréugsmeaswés deyice W@E‘Wﬂ atdeéfééwo cyice
A handhel d te neasuri n\g ﬁew ceI g rmn pg
CQIHRCtE Hhe rﬂ%ﬁ BHnEAtIgR @ qipplayd eledirita
g an acyclic scanni ng neasuri ng deV|ce
C'é%ﬁﬁ?”e O receive a sensor strip, wherethe acyclic
SCaniaN@neERstHp! b S1e36s e | &R FAFt 3A8 s@toh@@émsdrwlp contacts,
devi ce contacts in electrical communication with
thai firpl sensbhstoipgtorehedhrel eaticali canomunycatiamdwithe W@mlsmg

strip conprises at least first andoqjecond sensor st r%ﬁ)
ele@ﬂodetagd thecegond sersonsBiP sentap! IRgHeaEcal ForaNaiFat

t ct d th d
wirrudet Fiubhedfo i Erifi SaM i mant cat ton i th
a_counter, BGLIAR 1AEQYBN o Pl helci thdaRIceroRlet | thetfirst

r eagent Iayer Iscon at |east one of the el ectrodes,
réalg@nf Ia&éﬁ c6 @RS ah axkioredopmbes asd anlaast doe epeieasta redox
and at | east one species of a redox pair. 35. The
pdievi ce of any of the proceeding clains, where the

anal yte is glucose. 36. The device of any of the
proceedi ng clains, where the first reagent layer is on
38t | ghstdelhte WHSA ofxhangtoceadingicl@insc hedethe 3TalyEhie
devi ce of any of the proceeding clains, conprising a
ghmoead reagent |ayer on at |east the counter

el ectrode, the second reagent |ayer conprising at

| east one species of a redox pair. 38. The device of
38Ny Theldeider ofcasdbieqiracodingtotaims) dres tu first abagent
circuitry conprises means for applying an acyclic scan
laty@rushenaet@ettf@two&mgﬁ@decoméersféﬂ@ifo S$ip contains
the sanple. 39. The device of any of the proceeding
clains, where the acyclic scanning conprises forward
sand Tavefestcd dihear ofthensrosbediagtdia nisp coanisétga second

reagent Iayer on at least the counter electrode, the second reagent layer

comprising at least one species of a redox pair.

38. The device of any of the proceeding claims, where the electrical
circuitry comprises means for applying an acyclic scan to the sensor strip,

where the senor strip contains the sample.

39. The device of any of the proceeding claims, where the acyclic
scanning comprises forward and reverse linear scans where the forward scan

starts at a different voltage than where the reverse scan stops.

40. The device of any of the proceeding claims, where the acyclic scan

comprises forward and reverse linear scans where the forward scan starts and
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starts at a different voltage than where the reverse

scan stops. 40. The device of any of the proceeding
wobheisnma4i6wher e t he acyclic scan conprises forwaCcd/uazms/017009
" reverse |inear~scans where the forward scan sfart
tharelvéree FeVEEREs alchROBYI@E MAst & HOMY awRyFEan afosm

away from.a faormal .potential E of a redox pair. 4 1.
poifﬁ'ét\'[%ieé/i Coéa(;pggﬁ)?a f the proceeding clains, where the

acyclic scan conprises forward and reverse |inear
scans W thin the steady-state region OL a redox Pair,
4t.he Bradlevinawl agy #f eanroceegding elaimyovhereing aaycligscamn

cRORES Ry ST B RGE TA VPSh ERARI o of o
re?lg%u fidhd BERs IREME Egc%r{‘fan%%%rﬁ;m*ﬁﬁ?% g, t he

fng currents;” apply a data treatnent to the
neasured currents; and determ ning the concentration

4fhe prodbenagearm e (R oentualiy oE <8P lnalar e

Ihe. met hod of any of the proceeding clains, where
Ccﬁﬁg”g‘lﬂg‘bl e is whole blood. 45. The method of any of

the gssiorped DgltehaiaEc férwdrddmeaosparn & the sapmble) ng a
voltametric reverse linear scan to the sanple at a

r evemeasyyindihet reshltingecureanigir d | i near scan. 46. The
t hod of f th di | ai th

Vol t aimitne & UaGriueateRh & ey eraaien maerteand form a

cycl ﬁéte?r&ﬂ'ﬂﬁep%ﬁ% cgngerﬂpatt@?ldo%e%l £ it A% %rﬁﬁ%‘?d' ng

cl ai € forward scan conprises changi ng the
voltage of the scan at a rate of at |east 176

v/ d. 48. Th t hod of f.th di ;
431 ai 76¢ MoisBpd ot RBY K5 s pro el S ree e R R e e
ge of the scan at a rate of at |east 500

val t
g'rlﬁgf)g%cond. 49. The nethod of any of the proceeding
cl aims, where the forward scan

44. The method of any of the proceeding claims, where the sample is

whole blood.

45. The method of any of the proceeding claims, further comprising.
applying a voltammetric reverse linear scan to the sample at a reversing point

of the forward linear scan.

46. The method of any of the proceeding claims, where the voltammetric

forward and reverse linear scans form a cyclic scan.

47.  The method of any of the proceeding claims, where the forward scan
comprises changing the voltage of the scan at a rate of at least 176

mV/second.
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conprises a scan range from 400 to 1000 nV. 50. The
nmet hod of any of the proceeding clains, where the
woeuvErideicscan conprises at | east 25 nV of steadgTAIISA106/017009

region. 5 1. The nmethod of any of the proceedin
48| aire, matterceot arey of tedyroseediagréyinem vtere e faidiferd scan

coraapsecrRoEs Pageore i ot 9 6t a8 kR adh oy o
mg{r;s)éﬁ%d.the proceedi ng clains, where the reversing
|

I's selected to provide from25 to 400 nV of
steady-state region. 53. The nethod of any of the

AL OSRO et BLASY ol B GrolcRea Y Rt 35 BEREAREE 2hn
cogﬁpptﬁse@t 4?&#ﬁ@n%§tﬁio% QQP"YSGI'DGO’W]\EPGG es of a redox

thod of any of the proceedi ng clains,
where the forward scan conprises at |east one

565, Mg Takeba" BTV Sy b et odaLar g R 8%k R scan
cotcr‘gﬁrsizlge%taq Iéﬁs??%%r\]/f of ste r—%?ttqugfdrf?m the group

st1ng of "senmi-inte rivative,
sem derivative, and conbi nati ons thereof. 56. The

51y eat ene R abioRedip e g AR WL eE s bRy Bt
reggcﬁwagfﬂ‘,%o ﬁ@iﬁ(ﬁﬁ%i@s.at SRR e8aitRecHen@icEBcu e with hespect

rea conprises sem-integrating the currents
td v@mdelst diorvardidiogear scan and determning a
steady-state sem -integral current. 58. The nethod of
any of the proceeding clainms, where the sem -integral

at a tof! koS fRe awhaet tie. reb8rsinEhgoint
S?mt hgﬁég@tgﬁg Oéfaﬂ?ﬁt@?ﬁée%dei@ﬁ?glﬁai nms, where the d?tjgo
istdeRALEB S PESVTRE D8 23 166100 thdf ofvsteadiestdtet eegioreat ment .

60. The nethod of any of the proceeding clains, where
the sem derivative data treatnent transforns at | east

58, poﬁﬁ%%‘{etﬂ%ﬁ%f‘é‘i’l tcﬁ"fﬁ@ﬁdrd')@eéalilﬁg eRlims e@here ihetforward scan
peak. . e nethod of any of the proceeding clains,,
cHhpiBed helcdet eiaTvolitagg providing at least a 100:1 concentration ratio

between two species of a redox pair.

54.  The method of any of the proceeding claims, where the forward scan

comprises at least one potential at a working electrode of at least 180 mV.

55. The method of any of the proceeding claims, where the data treatment
is selected from the group consisting of semi-integral, derivative, semi-

derivative, and combinations thereof.

56. The method of any of the proceeding claims, where the data treatment

comprises a semi-integral data treatment.
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conprises hematocrit conpensation. 62. The nethod of

any of the proceeding clains, where the conpensation
woanpriiskes deternmining a ratio of a peak curreRCTAUARWS/017009

to a steady-state current value. 63. The net hod of arr%y
57%f tlhe petvskal any of hienwocapding daiensdaenaraithe fgta treatnent

Rt R LA gl
.of i.0g: clal t he det 1 Nni
If e Bl dRPUPRERPA B IR Y LG Sampte
provi des a concentration value closer to that obtained

Sthubotia DEUEP BF Srh ! 15 PRt MEc H s FThE Je P fegral
, [ devi ce, f
A A O BB e TRt vt e in o
Zanple, gonprgsing a voltammetric scanni ng measuring
: ¢ . ' :
S o BT By S R e RUR AR M Ay BBt Bfamen
cqlxﬁsﬁgesté"@erﬂﬁ&éﬁ\?%m%ﬁtt%ahﬂeﬂ.eCt rical conmunication
ay

a disp rough electrical circuitry; and the
sensor strip conprises at least first and second

' he fi '
60 olli Tiatedd Seanma e i T AR Skn s b stode.
SFNHREITFRARIErG & AR FPteste

ceetueERISintyagse@aka first reagent layer is on at |east
one of "the electrodes, the first reagent |ayer

conprising an oxi doreductase and at | east one species

6gf aqugﬂ’\)é‘thBﬁyf an@%\{ﬁ@%‘gr@@‘é@dﬁ% glirRBYwhErd fhe determining

roceedi ng cl al ns, the anal yte is glucose. 67.

cIRprideyheatfcrarpniferishgopr oceedi ng cl ai ms, where the
voltametric scanning conprises a linear scan. 68. The
devi ce of any of the proceeding clains, where the

6¥0! L JAERLEhEdTIARY $T9hE PIBEcRSg 8labinS) WheRC e compensation
comprises determining a ratio of a peak current value to a steady-state current

value.

63.  The method of any of the proceeding claims, where the determining
comprises inputting at least one steady-state current value into a

compensation equation.

64. The method of any of the proceeding claims, where the determining
the concentration of the analyte in the sample provides a concentration value
closer to that obtained from a reference instrument than if coulometry were

substituted for the voltammetric forward linear scan.
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69. The device of any of the proceeding clains, where
the first reagent layer is on at |east the working and
woawstiesi6el ectrodes. 70. The device of any of PO®US2005/017009

proceedi ng clains, further conprising: a,secggg
65r eadehandhgdanalyte Reasyling slevides I Gde Miniee §ond

reagent |layer conprising at |east.on ' :

congabinen o ShAGR BT to® Frele, <ERGUITTE a)RfEnERsHlq Fannine
d c ; I GEi©f of the

m#@@égﬁeﬁ’g&cﬁﬁiﬂ%@ ?mcreé\?étqﬁége égtﬁ }‘ip’cvgllﬁ@bcéi rcuitry

CONMpRé §8RamBatA clsean@ppI e riagwsviaoetprisesaialeastdwo

the sensor strip, where the senor strip contai n?] t he |
desamtantadt? in Gleetiiealicommiinajioniwithe disRlaw & electrical
claims, where the nmeans for applying a voltametric
cir6yHY; 8% he sensor stri p conprises a neans for

applying a |inear . ' ;

320 e U NS PR MO TS e R onacs
thEFAAShQr BRPCBhRRL #h ¥RIcHAERbMBuskaliohavitihe werksoy

strip conprises a neans for applying a cyclic scan to

elétpoEensdthesiadopd séhsobsthiprudinéda i medesatin cal gcodewiugésatiosr
determ ning the concentration of an analyte in a
wistaapioaint e@r®d%TM@vgb§0P§U§U>&tié €0 receive a
sensor strip apd the devjce co I SES; s
a6 Ea8PBplRg! oo Bt FONL B Fea gy e e Feagent
o5 b0 8- EhEFhRRIo- BN 68k AR ko o o
charger and a processor in electrical conmunication,

t he processor .in el.ectrical ,co ' i it :
6@ onptit eY'é%&’éBl‘%oéﬁ'&‘?Bb%ceﬁg %%?ﬁs&bg{éntgecoﬁ%?ésr
Irg(gsdeabl e software code, which when executed by the
gH céssor, causes the processor to inplenent a data

treatment selected fromthe group consisting of
sem_~-integral , deri

6 %ol MaFEYSE qfﬁgyé)ﬁ_ﬁé ip\llgCee%i‘?nrg cARRL WRhEYEth A ammetric

scanning comprises a linear scan.

68. The device of any of the proceeding claims, where the voltammetric

scanning comprises a cyclic scan.

69. The device of any of the proceeding claims, where the first reagent

layer is on at least the working and counter electrodes.

70.  The device of any of the proceeding claims, further comprising:
a second reagent layer on the counter electrode, the second reagent
layer comprising at least one species of a redox pair, where

the first reagent layer is on the working electrode.
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75. The device of any of the proceeding clains, where
the analyte is glucose. 76. The device of any of the
wonosaediong cl ai ms, where the data treatment ceqpisSs®s/017009
a sem -integral data treatnent.77. The devi ce of  any
710f fhe olzavume@fdamgOﬁ:ﬂh@l proceefiBE«laims, @gteéetth%sﬁ%wﬁa'

i s b B o B
strigh, SRTE The SOHBY 486 Sco?xtﬁﬁ%"tme&.{rwl%t've data treatnent.

proceedi ng cl ai ns, where
the conputer readable storage nedi um further conprises

dabl f d
SOl saceile solule St chahoh efie
apgﬁﬁééagﬁ%@ggﬁcgﬁettaﬁﬂ& QQnM?estrgp?’ RbAfrizes ﬁQneérﬁBefor

roceedi ng ains, where t
ap@i}ﬂﬁ%%ﬁfnéa@@@é\bt&tff&oiémf strippde, whi ch when e_xecut ed
the processor, causes the electronic circuitry to
in’pl enent the net hod of any of the proceedi ng clai ns.
Th irA@answWoer e
7¥he Mgl ey of SafRs Y oot DR QaREs U Rarchen e
ap?ﬁﬁgtae@ol%ﬁéﬁlcpk%ﬁ%&ﬁé seﬁmﬂptcbmmisesiarmaams for
itry to i nplement the nethod of any of the
pgaﬂwng@chMmcslcanm@th@iens@rh‘armhel d measuring devi ce,
or determ ning the concentration of an analyte in a
sanpl e, where the device is adapted to receive a
fensf‘?%aﬁﬂhém Bdsirie; devicesfor depuriiniig thertomcesiratéen of an
east one display; and el ectroni c circuitry
argdytebihiasdarmgecivbere i cal comTunl cation between the
contacts and the di ay,.c risin
chartferdeyiee ﬁﬁﬁa@&éi r,ecpweeq SPfé‘g“O %‘ﬁ{ﬁwéé\gﬂ on,
t he . rocessor in electrical communication with a
C%Hﬁ er readabl e storage medi um conprising conputer
readabl e @&ﬁtgg\@/re code, which when executed

at least one display; and

electronic circuitry establishing electrical communication
between the contacts and the display, comprising:

an electric charger and a processor in electrical communication,
the processor in electrical communication with a computer readable storage
medium comprising computer readable software code, which when executed
by the processor, causes the processor to implement a data treatment selected
from the group consisting of semi-integral, derivative, semi-derivative, and

combinations thereof.

75, The device of any of the proceeding claims, where the analyte is

glucose.

76.  The device of any of the proceeding claims, where the data treatment

comprises a semi-integral data treatment.
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by the processor, causes the electric charger to apply
a voltammetric scan through the contacts. 83. The

wdevisaedied any of the proceeding clains, wherePCH@S2005/017009
vol tametric scan conprises an ac clic sca

77devilte deviemgf afy pﬁ@eppr@@@@dmn,gg: @urrgﬁ, erﬁﬁge éia{anté(-aratment

voltamretric sca rises a linear scan. 85. The
COHRRSI 68 era\f%l;lvgppa[t%g egintedi ng cl ai ms, where the

vol tametric scan conprises a cyclic scan. 86. The
devi ce of any of the proceeding c|ains,
78 onpltecdevieaahbny o §ie w&e@!wla\mﬁ,éfhh%ﬁéﬁe @B@&U%@“e”t

by the processor,. es the Iectronlc circuitry to

CQWWMﬁﬁhﬁﬁ@?' 'ﬁﬁ?ﬁ@dﬂgﬁaﬁﬁvn “the proceeding clgins.
87. The device of any of the proceeding clains wher e
the conputer readabl e software code, i ch, wh

793xecﬂ1&ed|e\b§leDlﬁénblo(ﬁd&@mceeéﬁlgs@@mhé’v PEchPGOMpUter

CI rcuitr
repelaRl gégqr)ég %{Tﬁg]epe trrwtertcgemprﬂesteg ggm%tutgn%aagbferk%ftware
code, which when executed by the processor, causes the electric charger to

apply a voltammetric scan through the contacts.

80. The device of any of the proceeding claims, where the computer
readable software code, which when executed by the processor, causes the

electronic circuitry to implement the method of any of the proceeding claims.

" 81. The device of any of the proceeding claims, where the computer

readable software code, which when executed by the processor, causes the

electronic circuitry to implement the method of any of the proceeding claims.

82. A handheld measuring device, for determining the concentration of an
analyte in a sample, where
the device is adapted to receive a sensor strip and the device

comprises:

contacts;

at least one display; and

electronic circuitry establishing electrical communication
between the contacts and the display, comprising:

an electric charger and a processor in electrical communication,
the processor in electrical communication with a computer readable storage
medium comprising computer readable software code, which when executed
by the processor, causes the electric charger to apply a voltammetric scan

through the contacts.
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83. The device of any of the proceeding claims, where the voltammetric

scan comprises an acyclic scan.

84. The device of any of the proceeding claims, where the voltammetric

scan comprises a linear scan.

85. The device of any of the proceeding claims, where the voltammetric

scan comprises a cyclic scan.

86. The device of any of the proceeding claims, where the computer
readable software code, which when executed by the processor, causes the

electronic circuitry to implement the method of any of the proceeding claims.

87. The device of any of the proceeding claims, where the computer
readable software code, which when executed by the processor, causes the

electronic circuitry to implement the method of any of the proceeding claims.
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