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WD 2005/ 114164 PCT/ US2005/ 017009 Vol tammetri-c Systens
for Assaying Biological Analytes REFERENCE TO
RELATED APPLI CATIONS 5 This application clains the

W fidiePf U S. Provisional Application No.
gg@g‘}% .6388, entitled "Methods for Using Li nggFm8%005’017809
Cyclic Voltammetry in Assaying d ucose and O her

nool SRR Etems forisrlfing Siol6gal Afgites |

BACKGROUND The quantitative determ nation of anal ytes

in biological fluids is useful in the diagnosis and
REFER BENGEAFO RELAREBI APRIGICAIIIOMnor mal i ti es. For

exanple, determning the glucose |evel in biological

fluids, . sych.. | . N s [ i

AT gE e bEneiRP D rorRidnd) ABREkiSh

N&! ¢15793 € 3188V Bhtitldd0“ Nediadatier Liag Lirdaebs Caali Yoltammetry in
medi cation. El ectrochem cal nethods have been used .
Adsaying (ilhcpser ek@sherAioloiginal Apalyies ciilpd tlas bhsi04ahich

. use an anal yte specific enzyme, such as gl ucose
'SHJGO&B‘%@"%&UQE%@E?%%S?W nase, to catalyze the

oxi dation of 20 glucose in a whol e bl ood sanple.

BAYKGROURD catal ytic oxidation by the enzynme, the
—Tedox cente

r of the enzyne accepts the electrons from
the analyte. This redox center could Pe.taggl‘yié avin ful
adeniheedleanitativestatermnipatigs) obgnalyes inRielogls Is"I3 psefu

. the enz ' f : Jalv]y iRl ippe |
o ARG P o SHA T A2, 3 ool
d@bBRININNE caf Getse d8vdl in bitslogiealy/fieids, seoh amfplduel; hoiveubrtant
the el ectrode. by a nediator, which is conyerted To F
tor didoetimlindovidualh mhogmushderiandy cBeck Hieirdiegaglucose leve
Fi na] | th educed form of the nediator, such as
e o IR GOUL der SE R e
fer rEYARIRY EAMhEmual hige heaolseior sudtsp@rposiszed at
the electrode to generate a 30 neasurable current.
Ahldlectprocherseal iniysehsorrapy esean evallyie speeific@nzymienspch as
gl%?:gsg clagigeslée Or(g Lcc%eucfe%% rt;rge[rzr%e, 10 caEtgﬁgeJ’Ehg Bg%%ﬁcgn 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 could be the flavin adenine dinucleotide (FAD) of
giucose oxidase, or the enzyme’s cofactor such as pyrroloquinoline guinone
(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
ferricyanidefferrocyanide 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
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1 WD 2005/ 114164 PCTI US2005/ 017009 (2) Eked + nMedox
= = nMedked + Eox (3) Medaed = = Medo= + ne where Eox
and Eked are the oxidi zed and reduced forns of the

ter of the enzynme, respectively, '
wbgg%lglgg Medked are the oxidized and 5 red%ghﬁg%?/%mm

(8f ERehe mMdiat er= ndegrecti &l y. The product of the

n tic reaction may be gl uconic acid or
( %g?%lﬁc_‘t ﬁéoxﬁéeel ectrocheni cal nethod, which has
|s cou %ﬂjettér)‘i/%[iﬁ% IO%@&%T%F%J@I%@]@F% anF%ggAds #e@g%f of

thdrenzyond, cemiacticelipiviild Mado.andldeditL0d tik BERIFA and
measurenents in 10 U. S. Patent No. 6,120,676. In

re@ifesifetms of fé‘ﬁén%(ﬁai%t @swrtw@kys ehhe peduerafithe ieonymstic
f h h |

B s B Bl PR RS BlroRRlaeler g e curr ent

over Gritelbéthdehafiexidathb8Mwhith s iskd o ahsﬁﬂhz' cal

charge representing the anal yte concentration
apalyeas inwdoldgicakctuidene coyloveaityur s aexhmplotiHdlleanmpaht  of
. 15 stri nport ant

0%& el %“c%ﬂ(a%%&?@aﬂg fwawh?ismg%mﬁeseemawrewts in

b gt of e at

U\/\'/Ei g%E g?fargg\é%ghgﬂgégmﬁeﬂég%éh@Watg F’gé)const ant

cbn(:twteiti@nas guaaifiedsiiyabchauetidkiy ooitlizikBitise stda@Wwitisihal e
portion of the coulonetric curve forns a relatively

SmaHtVOd:lllfaﬁ éad integiatingithe gorenieove: thatimeiol oxidationitag

PRG3R IRl ket Eoor R FhE R S B St e piper
VeSHY Sdovil SHe@f chftBresaht kdtgl MAbIEIHuRRBMWIEER tHSsdhsor

result, this nethod is time consum ng and does not
siio Vi de the fast results which users of

el ectrachem cal deV| such | u i ng

or od (et @poa@%%ﬁ@ecmoq%?mmm Bat Gonros B e e o
SR oV I

Mé ’:apgf' C‘iélttglk'eel nor eer\/Q:'J H%ﬁ?@%|%§a§@@%35?é%bé§ tcmg&

bahomhs oclativety dordstaraub tyield tisteadysese poaditiond Tﬁisvgt@fdy-

Anot her el ectrochem cal net hod which has been used to

stitrpeitiop ofbg gewemelrigrevedeEnd a relaivedy flat plateau region in
HRPER 8 NERLE Yl ol h PLREF RI G mifitfoh& R thé Rorresponding current.

However, the coulometric method reoiuires 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 therend 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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nmeasured at the end of a period at a constant

potential (voltage) across the 30 working and

counter el ectrodes of the sensor strip. The current

' o quantify the analyte in the biol ggi
ngﬁ%ﬁgﬁaﬁ%nper onetry neasures the 2 WO 2005?%1[@%]25/0170"9
rREH WH2A0He0lZanhemitalyatctivbispéciehend thus the analyte, is

el ectrochem cal ly active species, and thus the
baing idized or reduiced- Man vasirtions pbHearaperprigjric method for

o BS80St BT BPBLAN Ik Bl ceg5 7

5NE53. 863;62055,089; ald 6333863, Thel®Rp&RietAd thebhddl sarddlés
The anperonetric method sanples 5 the anal yte
thoaredyterconcentratisar naan $hetlectredel surtagethyosetsyring dse cument

th t hat . ti | . to the djffusi

s ge it o BB RRRE PR bRl
aﬁélﬁﬁ‘ﬁvam age of the anperonetric nmethod is the

non- st eady-state nature of the current after

appl yidigadvaptige nff tted ampéremeitie mufthadi isrtbatnoakstaage-stat®
with respect to.tinme,is very fast _initially and

f
NBRES R thesTLTaAY afier anplying & palpatial, Jhadys af gurrept ¢ghapge

; . TR '
IO O BEHLE vB ST RRS ot (R0 e s RO 593
ptd@edb BGb kOB Swngatenaterus the URdedyihl Wsfion ploeessa

steady-state current cannot be obtalined. Thus,
Ursd $he consuanption @i odheireducedisadigias ag theselacteodd susface

o 3 PRl ABR 8 SISl dale b o b BRI Joh B
ngag% gnggr&%ht aﬁﬁﬁgg% g@éﬁf@e?a??lﬁdté‘ﬁn@”@érb@dﬁﬁaif Be Wi ctated

anples I's of hematocrit.
vHimatooe intdcciimey bieanva measuremeang thkeh abd steably-stagdRIBEE period.

expressed as a percentage of the, volunme, of RBC.in a .
whol 181 GeROrpEReCt Ohiidasiding BANEs oy eleripodagnales is

P gﬁgctﬁy@a goc{rﬁ.zgﬁ/?na&fﬁ‘i‘? i& tola%etcﬁrég)%locﬁﬁ%%@gﬁ%é)

typl Ca u eagent I 0sensors I nc

expalsestl i@ pekantageiof die @luaess RBC i a hihotaboesampie.
via an el ectrochem cal reaction. Exanples of reagent
Thiedwsraioerst Vates fodavhnle binadsampienrasges rommbout 293@ 0P %
bi osg{nsorirs va'hl 8 le from Bayer HealthCare, LLC of
aEij’h CalY N4 é Precision(r) biosensors 25

avai RaBkh i ENARR G dudd arNp BRitdm PRdtkean Idetd P @ik ose in a

Accucheck(r) bi osensors _
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 Abboit Park, lllinois; Accucheck® biosensors
available from Roche in Indianapolis, Indiana; and OneTouch Ulira®
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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avai |l abl e from Roche in |Indianapolis, Indiana; and
OneTouch Utra(r) biosensors available from Lifescan
in Mlpitas, California. Typical electrochem cal
woShERIgsi rips contain a working el ectrode, Bcre@iatddikooo
electrode, and an optional third el ectrode. A

er%?f‘r%rs@lﬁﬁ Qs RAI®RE bRldas@yr gl3dBokedaiyovogtedse and henadistbem
y the counter electrode, if config

ur ed .
suapjs 6aricyaraty or ortheyiutmeerspaivm i pritied 6" RRsited Ao fe
reagent layer with ,an 3 W) 20 :
Wb R ausoar o0 the naykiebetr oroe tithiodes yith a polymer
asg[hél%ﬂ%perdehydrogenase and a nmediator such as
ferricyani de or rutheni um hexaani ne is printed or

 depasabgiesostipplyiners used ki thy: kinder ofdbie rezgepir ipclugle CMC

(o HeBVELeMIPES 57 561 [y sat oRiel b hdgBRn gy
th t ' G t

AR LT oSO e s

2:VRf iroMEertnEied Me6d beileprevantingtiat foof certingribe slactrode

the reagent layer may assist in filtering red bl ood
swrfalcks, preventing them from coating the el ectrode

f . 10 f bly,.th : Pty b
or| e aY depeots P PR B R Y
-t pl L i ' Hgspobddesdribed ih S.
B SR T R o 9,120, 420, The

UrS et Nosh 6153 1,@40; 5, 791, 88/1 ;camdob, i B8, 4%6r Kihegeagrnt can
counter electrodes with a m x%‘sucre of atgeagl UCOSE ¢

coRriates onjo dhe WEKiaE @Rd £oURTe EESH O8RS WASE MRS or
uch as 15 ferri nide, Skl b endR@dtsBichsdsch

& §Oi‘)%?>§/gﬁi9$ gﬂ@'ﬁ%?‘#ﬁ%&%@%% anle' appropri at e

fRHEIRide, SUGrashitic potyradesubhfab polyetitienmaxidedP5O) and an
different reagent chem stry can be either printed or

dppropoatdpdian: sihsasgagitia@ Bii6ht o t he wor ki ng and

MBS ST PR Fre TR AR ke,
AP0ty oL g et i
nigbbd tlescribieddn pdlBrprovasidnal ipatend app h@at@@ﬁp@ ,Oc‘_cober 24,
2Bh oL o0 UM A 1509, B Shk YRl nk B Me BRFEE LecHduEn
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 carboxy! methy! cellulose. .

Examples of suitable bench-top electrochemical instruments which
may be used for reading reagént hiosensors 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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nmedi ator or different, and a polynmer. In one
enbodi nent, the polyner used in mcro-deposition is
carboxyl nethyl cellul ose. 25 Exanpl es of suitable

WB%b%H':hQP el ectrochem cal instrunments whi ChPC%XmQﬁomow
use %or readi ng reagent biosensors according to the

Inetr@sents in iPRivesatono Ndw fdrsege  Exhonplesraf pooiabld imstrements,
_the BAS 100B Anal yzer available from BAS |nstruments
inchidegbe AsaensjeBracze? aarl &nte® melersce Havst Famafation.

Anal yzer avail able f i in,

Tt st BRicBe P ek b RhEHRERNG o Redidilr |
d@Ritb@Bhans bRBEMRE e FEe RyisiteoBthistehsortenteasulagiaasse is

and the EG&G El ectrochem cal Instrunent avail able .

affacted @ theRBO bl drétba diffusion/gl theogletant reagents within the

PCT/ US2005/ 017009 | in Pri ' \
bleg sy e B G2 BTPBTTSEE SUTRRL I GHERTL PRIRETORR € s
d@%ﬂ%f?h%?&ﬁ%@% e rrR e e b&fafor, MR Sat8 BN SRave a

f poration. i osensor for glucose may have an _
sigRiyam iaphchonek ataracydeftbs ighexso meahweslests, rideeending

he ability of this senspor to nmeasure-glucose iis 5
onthebematostt {ave! REewhokz kiooHS2Te. das BRCAFUSRa bias iR the
lreI evant,. reagents within the bl ood sanple. Since the
gé’ﬁﬁ%err(?ﬁgl ic current is directly proportional to the

di f fygian @biHode ahedugrdqgiarimvetbetheromstedtionn atiempt to
hematocrit will have a significant inpact on the
realica tae emftaonie effeciod $ee wibala blore nsthe mepiting alycosn

measBmEn doneranie Ofagieldbdt ekl iiarsage ™
dg?{ogﬁgtﬁ rﬁ%’tﬂo&l%‘?@@in%%ﬁé rRRY 8 ARRMPTORSRMwE &Y a reverse

reduce~the hematocrit effect of the whole
pbteaddl puisé kecorepehddie fprghe bemetoonit affest émefectrociFemical

ST S U el T R B B
ST LRSS PRy BRI B PERIE PRl cPive

rRelcepbmaRbedEade saHues skuanmedadingnenhematdofl effectetCanter et
in US. Patent Nos. 5,708,247 and 5, 951, 83

, 836 . :
abliis &1.5sRatent MNea6RB, 59 deriasacmmegiasholysing & wide spacing
rticles . to filter t.he f A
b e elfe T rombingr g TRaT RYe B Ge s PR sample
i&tihe ma;t&rlt'-eﬁ‘ecfat ent No. 5,628,890 disclosed a
et hod of  Usi ng a w de spacing _ )

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, (¢} compensation coefficients based on the
ratio of currents from a forward and a reverse potential puise, 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



20 of the el ectrodes conbined with mesh [ayers to
distribute the blood sanple for the hematocrit

ef fect. These conventional techniques for reducing
the bias attributable to the hematocrit effect

i nclude (a) co-deposition of a polynmer to mnimze
the hematocrit effect, (b) addition of various Kkinds

of fused sili to.enfor the 25 filter effect for
e BT Bt ol R oo bmdn Proibial B ficoB batSheo
basgHole bidoewhitRtdduce$ biak fiofthe hefmatcat éfgopar d and a
reverse potential pulse, and (d) self- conpensation
by utilizing the existing solution resistance of the

V\holggql\mggg sanpl es. Al though these nmethods may be

usefti—,—conventional glucose sensors continue to
exhi bi t ﬁﬂeﬁ:&bﬁd‘aﬁ@%itﬁﬁ@i@ﬂaﬁé&t oPihasnhtisn, Bdra Srdviied a
the 30 hematocrit effect. us, it would be desirable

t o predviddd detesmiming dapcentBatigu ahan aipalyig ima shgnpes thenmethod

bi ol ogical fluyids, in particular the glucose content

of  CRRBIEGTRNNG 4 PEYETF SeRId g pble, Y apheic Scan
hembMpfiding S48 land AMERIcank tha S REAPOSH smr{;.gg & a different
first aspect of the invention, there is provided a

met hothgeftharewieeraitine reyeserscemends ordhe tdrwand ambeyérse istans
a sanple, the msl;hog1 conpri sic[zlgegagpl ying an acyclic
scafURsAigly SHANY 10 REIdaERARNLIeSUEIPNRERRT PLT ff{ji%x pair; and
for starting

. SO U B SR g SO TR S RRR 2L can

ends or khhchrapney Wittas detonderspectsst &rsinvertiba ! taerd igl dryvided
excluding the oxidation and reduction peaks of a
r edekandticld anghde nmpeseing ¢eving fodeteonaiog coraentatiaf oftame

anal tﬁ in the sanple..In accordance_ w th a_segond

2 PRLAVIS I # RRITPIR GHPRIISING 21 2GS SCappigg mgring device

han%‘a?téh R8N La BRI SR IwHESINRe fa%f%ﬁ SE&HRd WBSsuring
cent e, conpr

con ration of an analyte in a sa I'S1 ng
an ey dotnicas bi legstiwagduvicd goriasts dtele@tled) céMniudication with
receive a sensor strip, wherein the acyclic scanning
mea@ display threegh electoeatsirtyies the acyshe scanpinodesdsteing device
contacts in. elect rc; cal commniﬁ:at icgn Wi f a ﬁ(i\“ Sﬁl a
t hr SUGASEP SEEFNEAN B PFCERIT OGP LOARPIYIOREER ANy e verse
MBagdnk ROtHEEN ISt ﬁm%oc;mide%%ﬁta‘&tsf fHe! fB%r@Q%rPstQﬁiﬂ? &p30r

y To o the

configured to app rward and reverse scans
at ditfarght YoNage thancenete fHeaeterse sban érfsvatice e@drd and reverse

starting at a
scans substantially excluding the oxidation and reduction peaks of a redox
pair; and the sensor strip comprises at least first and second sensor strip
contacts, the first sensor strip contact in electrical communication with a
working electrode and the second sensor strip contact in electrical
communication with a counter electrode through conductors, and a first
reagent layer on at [east one of the electrodes, the first reagent layer

comprising an oxidoreductase and at least one species of the redox pair. Both

acyclic and finear scanning measurement devices are provided.



different voltage than where the reverse scan ends or
the forward and reverse scans substantially

excl udi ng the oxidation and reducti on peaks of a
redox- pair; and the sensor strip conprises at |east
first and second sensor strip contacts, the first
sensor strip contact in electrical comunication wth
a morklng el ectrode and the second sensor strip
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| east one species of the redox pair. Both acyclic
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sC amn"inmmmwals with agishéayi tbeugh edgstried| diruitrgrtbe veltanmetric
sensor strip, where; the voltametric scanni ng
ne £§8PNIRG Meavirrg d@d’&ﬁ (CPERESRF C'flcé%tanfl\ﬁo"*’a“&?ﬁ%reconf'gured to

con gt 2 'It%rr&ne?r‘fé ohgatt- Iingmﬂhﬁﬁ{e'a‘? ﬁa‘ﬁ th) o%v%e%BJﬂ%th

t hr rical” Circurl

SC MAIthe) seARBB&tfib BEMBIRek GeleBEtTiRdtiape %eé‘dnﬂ%éhédréétr@%nﬁacts
processor configured to apply a voltamretric

f ortivafindt $eénseastrip cantation ekestrzsl d:aemnmnucakmn ohathiaceorking

contacts; and the sensor strlg nprises at | east
fi redqctradg a@@&*@rﬁfcg%%%ﬂ“&sﬁﬂf’ﬁo ‘“@Fﬁ'ﬁ@!%“"'ca{%mf“i"n“%ﬁt"’” with
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a wor & second
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el ectrode through conductors, where a first reagent

| ayeidorexiugtasatand lableest anespeties bethelredapmites, t he
first reagent |ayer conprising an oxidoreductase and
at | east one species of the redox pair. 6a

6a
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in order to provide a clear and consi stent
understanding of the 5 specification and clains, the
followi ng definitions are provided. The term
"mediator" is defined as a substance that nay be
oxi di zed or reduced and that may transfer one or
nore electrons. A nediator is a reagent in an

el ectrochem cal analysis and is not the anal yte of
interest, but provides for the indirect nmeasurenent
of the analyte. In a sinplistic system the 10
medi at or undergoes a redox reaction in response to -.
t he txodat tooprooide a eldacandoomsisterntendesstariding dhibe

~ oxi di zed or, reduc di at or, en under t he
seppation af”é’cfé@d”}seg'lﬁfgﬁﬁwﬂg #Ff@'mwrﬁ@r Yideds ode and

Is 1 ?ﬁ&(bgﬁqa‘tn‘?éjdﬁ i fs%lef'%éa%% @%h éﬁ&aﬂhhﬁﬁm n?(‘l:‘:glf%%dizg&‘Sr

term OoX reacti on |ne as a cne

réchaetliapd thatmeetansiér dvoospees electronso| A mrglidtbeis a reagent
transfer of at | east owg el ectron froma fir

i pa elestrochemigakanabyrds ansbisinad therppalyte of iigst, Memvéq‘fas

PSPl P BaE el TO g '
nhe@figtbr uﬁcﬁ@'ﬁ@éﬁierd@ﬂ rByctidreinf resirinse pe tHeaskidatur ér t he
reduction half-cell involves the addition of at

redugione dhearedyteorl he@xidiged oF BCep Srediaor tiea ynsiergoes

char e..of ec t 7

50 B8 b ERaSRaT A theIGhar e UL s Tl AP e
o@ilgﬁ{a] bRidatidh ADMbeRF,r ed. Li kewi se, the ionic charge of

a species that is reduced is nmade |ess positive by

an aitbe tﬂrrreqedﬂ)x reactior’ isdeboed g a Cbﬂwal sepction between
transf.erred

RaPEUR [ i FirdRes o 5 RS e sledlch A Frcies
t %‘éb&gncﬂwe?:@ée%u@ﬁ ARlok BactivRREIB deRasl ukidaBon ahd khe

species havin i gher oxidation nunber produces
redima:tmpe crhesmdaatnongwaiﬂqeeli oighe reastiod anvalvesrthatbess.of at least

S
g@%‘%@%o 17%%%?%@{&%%&%@ %ﬁgﬁ%ﬁér@%hla;ge of a
spedienthat as:oxidleed mrrmmﬂe ramé positive b aofampouriheqialdb the
nijp CIrgZekeﬁql#gl;]s transferrec m(eveisgl t%g%m%)ghg?gtelo % srﬁ)lé(r:rltc)es 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 nore positive, and a | ower oxidation nunber, such
as (I'l), is less positive. The term"reversible
redox pair" is defined as a pair of redox species 5
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scans of the sem - integral is at nost 30 at the

hal frHeieght‘offdatibe neintsert isatesined as theFormaksmpt ehargé nf a
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InceRTaGS 2 Bt 40 B0t BageTgin et ¢ dheidr indngn SO bemugele
. Pa [ ' mesof etanvar d and
ﬁ@\(ﬁéﬁ‘ﬁtﬁg?grnvgﬁgfa ﬁta ﬁggg%%ﬁ?géggﬁc§s o15 | arger than
fePRcyiMidd/ferryaté rédixgpdir bf addigors o thetsisatanditi@nheight are

the redox pair. The term "steady-state’ is _defined as
sihon. P éhe: ke yberathediabaigutint et FRe RESGet Fe
respect .to voltage. i e Lvel e
RR i BV P UERgst B nsts by,
e%ﬁﬂliimﬁ’g A% el lof e Rrty@hide/ferroaganidé cedoX(pasicatrine
en the forward scan is stopped and the reverse scan
diegictet 4caatreld. The term "linear scan" is defined as a
scan_where the volta is,vari.ed & ' .
" or Ths Gyl tzerieunofie sQHAIP s dhfhd) & £ BBy nalr where
1 RRgE ot BeghRen S BrakPalt Re8 stark OF e BT ewrers
|ArB6F SR BOANVCGhaing alf-haighbbbtel skt transitiarhier ithe: reskvs ey

occur very 25 close together, in tine, they correspond
to aTbe MI‘?T/TN %@@Wﬁtﬁéﬁisgc&f%d I’fﬂ%‘?"ﬁfﬁﬁﬁb'f‘ﬂ}g%@ a ch gn ge
f potenti al r.oxi [ j
edesiErh s 5o PR BELOR IHaBE & ekt RBH Ttk Such as

Vgﬁﬁghnﬁqio@p ssgonbination of a linear forward scan
and a |1 1

i near reverse scan where the scan ra&%i. I
i ncl Tthedemhéreyrisitgpaint” isdetned aedgdaitiin Icof agyclic

d ir. F | i oAl
s SRR R Sort B prpepiaiodfie WferkOicRflty MlindiBy 2
V is 30 &% Rh&rebaf is@efined as a scan where the voltage is varied

in a single “forward” direction at a fixed scan rate, Vsuch 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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WD 2005/ 114164 PCTI US2005/ 017009 cyclic scan for the
ferricyani de/ferrocyani de redox pair as used in a
gl ucose sensor, where both the oxidation and
'W@%&%ﬁﬁhgf peaks are included in the scan ra?%?nm&ﬁ%nnmp
erm acyclic scan" is defined in one aspect as a

cyRfitRcAl fdryeé Rbricyani@é/Rreicy fide redmepair o8 usealiarsglucose
current peak than the other current peak. For

semgantere hottie axiditiod angl fedpaion pede arevngluded indbgr
scans where the forward scan is started at a

S@NfRR¥%nt voltage than where the reverse scan stops,
.SUChTI'?eSteFr‘ho’?EQLQ%C‘Bsan’t R dkfiPed i ofBEshas s bQcan thddRlivg
is an exanple o an acyclic scan. 1n another

TRXABPbE: farwaat ye tdversecanrentipeal tian the dtheng¢umentygeak.
substantially the sang vol tagde when the scan i

Fetenanyle,a sqm_g'ﬂcluglmg fopgardynd evgiye &mg?r gqaaﬁwl'%ée the
fo&@%ﬁ% lfc’a%g% gt%%t'ﬁ@ :alt %dﬁé‘reﬁ%lt&gg RarPFhbre the réltd&kan

can 1s ined as a scan

stbﬁg,'s%h g floft Was & @ngorevendtdackitt e, 25 0gnsat basmple of
substantially exclude the oxidati on and reducti on
apaakdicoskan. I ecekepaiamplEoan asyakisissan My sThANGAYd at

begi n, . _apd iL,thin th -
skeraiAI e ey e i st sartae 3t {09 3 2ha0 o
Anfhy 5@% %hpﬁe%ﬁkél tehdi EPAbS the FBGok PARE IN hecther

“scan ast scan rate" are deflined as a scan
a¥feet, ein ddyeliv etdnsigelefised hangeah atcludingfarward apd revgsse

176 mv/ sec. Preferable fast scan .rateg are. rates
ligeersacans i pulztantiafyexcliggdhe gxidslen ap redictiofpenks of a

T R S

stBal-sthfOraaM58Ca rédoxi i ae exelaling tanoxidatesn and
rates slower than 150, 100, 50, or 10 nV/sec. The

reduratiohizaaith of thedeit.ce” is defined as a device that

may hel d j.n. a human.hand and .

ex an‘ﬁﬁ% t%‘msajf?%ﬁﬁarﬁl a(?i%d é%ﬁ?é%a'] '[s?ig? h%e gi%ﬁh%géﬁ? isé% where
' 5@%&/ bt 1 V6 BhV/s6c. BPeéstalleansea

tﬁ%ﬁ?@%ﬁq%%ﬂ Stég%raﬁﬁﬁii%%g from Bayer Hegl tehCar e,n

rhfeSardalakdsagrbatet than 208, 5601 0G0k ori2008gnVised as " above"
and is relative to the-o ientati on , be

For dRepes sl s’ Sl Sharin (e’ G PEh Sb 0 &
A e el
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, E!khar’_c, 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 [east a

portion of a second element, the first element is said to be “on” the second.



30 second. In another exanple, if a first elenent is
present above at least a portion of a second
element, the first elenent is said to be "on" the
.9 WD 2005/ 114164 PCT/ US2005/ 017009 _ The_use
Wég&gﬁg‘“f"erm "on" does not exclude the pr eseﬁggmg%ouamlmw
TisU RS GNpeseRetryRedodshiorteRBrRideand ptavree 6f aieahsedei ng
descri bed. For exanple, a first element may have a_
bete@eh flge apper artdsioveys edeménts beingedesariged oher eXasmiata first
over at |east a_portion of tL&%fir t el enaenf and its
elegnt BRYi 1Y AP BOE PYEL 1 PRFULRCE Y serpiyd plepgnt overat
. . t " on' ' :
S Ty BB Shaioh epageh RYegnmes
5 “qiryhe Sisdt ebanémctThwist thease of dichierm “oBRINEFy OESSRNBTINEAN
OF THE DRAWNGS FIGs.. 1 A-1 B depict top and end
that Bustvest elemenisdheing éelaied a5 impRysical gojast witheash gihes.
typi cal sensor strip. FIGs. 2A-2B represent exterior
views of the sensor strip of FIG. 1 A1 B. FIG 2C
BREEFDESERIMION OFPTIE DHAWINGSOT a measuring devi ce.
FIG 3A TS a graph show ng a cyclic vol tamogram from
a sef&or 1AshBsdepict P drd@nd3dews of thy wprkiog andhgounter
sem -integral corresponding to the cyclic
10 e'\%?"?‘é‘?ﬁﬁfgar%(ﬁf@fs@i%r %R FIG 3C shows an acyclic
scan ; -
oG A R LR 0r AR D IR 0! i PRI AATE.
pr espi@. £ ke seeindtictregesdntafort bfa ampsliing datiee. 20

FI G 3E conpares a cyclic Sﬁ,an to an acgg‘jéi C scan,
wher BG. 13 f5cr siaph sheWHig dEYqlisevolynmpgragpmggensor
started near the formal potential E for the redox
P& FIG 3F conpares the sem-integral currents of
15  Fl G FRE 385G grafh o avsseanidyigista coeraspordihg anthaayelic
scan superinposed in the 25 steady-state region. -
vBlt@nndigraomp&i@s3Ahe seni-integral and recorded

eurt I(?l% 3@ ls#c?v%zs Eu? racyél {Eescgr?,yvghér% fRE %‘ve%e &LGis Rfninated

before initiation of the reverse current peak.

FIG. 3D presents the semi-integral of the acyclic data.

20 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

25  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.

30 FIG. 4B is an enlargement of the semi-derivative curve of FIG. 4A.
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FI G 4A depi cfs the cyclic vol tammogram

sem -integral, and sem - derivative of 16 mM

ferrocyanide in a 20% hematocrit whol e bl ood sanpl e.

Q _FI 4B is an enlargenent of the semi -derivative

whabuRyt F o 4A. 10 WD 2005/ 114164 PCTI Us2865761°708Y""
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depi cts the seni-derivative currents fr F] Gs._ 4C-
4E. RGGAT gdepigisgnesemisdepyaive s niserom el %u"&%s 4t ed

I u e > r
T AT P o R g e ol
théQrbRERGoAArdatan 68 the valaehridgraseilb), des semttinwegralfof the
the voltamopgramdata (sd). FIG 5 is a set of

. d). Fl
vaiamiogra) datmis)ly caddhe rerni-dryivative of thecrolmmggipmegata
%I ucose concentrations in aqueous solutions. 10 FIG
(58" shows the seni-int egral currents of the '

vol {ARTBGE 88 eyt GoltfDefing i e eoctlof varying

vol tamograns 1| l'ustrating the effect of wvariations
glubodearmicentraiforpdanaeptagescutibrgl ucose concentration in
whole blood. 15 FIGs. 70-7F are fag%cl 'hc ‘
vol tRfmBghaws the FeBHniREA WIRETtHER ¥OBRMMARANgE Pons
F]iﬁ(#emat ocrit percentage and gl ucose concentration in
‘e blood. FIGs. 8A-C show the sem -integral

cur raaksy Af7 RretoycllévdEammibkfEns Blstdtirghbw effeet of

sem -integral currents of FIGs. 7D-7F. 20 FIGs. %A—QC
vatiasiopy ¢ hematsioria prisgniage and|gliegosa cPRgentisioprin aWolef

varying scanning rate on the hematocrit effect.
bleods. 10A- 10C show the seni-i nt egral currents

corr onpi i FAYE.
oL ORI Tl e g e

vakationis it @gmatodrit pescenfage 2B drE Gense TOAcAGRtivasadviriet he
bﬁ))g%c'ar imental r gsul ts of FIG. 9A-9C and the

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

FIGs. 8D-8F show the semi-integral currents of F[Cs. 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. r

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

hematocrit content of whole blood.
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t thI-II{;.f [Ig}\ d}lglisgée %g#%rﬁ é\?té}s?é ggﬁs \/érE'Lgsg?lt ?g%s%pa\égﬂzﬂﬁ and

604 pshdetgd in FIG 15. FIG 16C plots the sl ope of
the curves of FIG 16A versus % hematocr,it

~ shovidGt R6Barlete she H-hemaiaseit verguyingdaue of i %?&at'v% F“‘g

hemat ocri t [ tive currents. 15 FIGs. 1
pesiivie peaks Ayt @F@g@gﬁg \1§Sponse plots for recorded and
sem RN EIoPRlof iR beSes bEBIOR ABIAVEyYs of an
acycllzlldcqg’ggﬁleis O?gc conpares the accuracy of the

°/cghemmf|t:oncent rat| on values obtained fromthe
acyclic scanto cyclic, scan .havi a_sl.ow. :
"t oFIG. EFRshas hesHRPHT] T SH RS St FPUBHLRY Dgmatocrit
anal yEi c.s a&éﬁt&determ nes the concentration of

Uﬁ'ﬂgld)y‘?{ég [0l 6gi cal fluids, such as the gl ucose
concegis! atVAozmmhom Heedosel regbnsZ iplots fartrenordad land ssmi-
devi ces that may apply voltametrijc linear, cyclic,

integrat yairent \@bmﬁsfelslefé*‘/%%ﬁ”§ﬂ’?[k? ¥8Rtai ning a

bi ol IQI% 1% comnBares 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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Vol tametric scans neasure currents (anperage) froma
sensor strip while a 25 potential (voltage) applied
to the stripis varied linearly with tine. The
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vbltooeesingdie. The devices also may apply one or nore
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20057 e sl TRTY R EleaT RSO DA CBGIEA PisfeieTminTg e

SRR G, TR b RIS OO, g
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concentration of glucose in a whole blood,sa

| e.
et vt sghal b i 5ichYAREAH aBd CaROner o
TR B RSB ETIGI eb i 950 g, s anc
i iftlHlui@nd carbon nonoxide are found in biological

ur ds 1 ncluding plasma, urine, saliva and ,
Syfiter@rémvied fluid. System Overview 10 The systens

for determning anal yte concentration.may include a
sensbhe gYsterps f%rdaeé%ﬂg%'i”ﬁiaﬂﬁﬁ/&gorécfﬁlﬁﬁgo%ﬁ'@ydnduge a
. . , i _
SSBER Mg r SR e s SRE A BR AR08 BT et
ithplcPféniRERaRL or thbR: doameingitechnigye bred ankior mareldath ng
one or nore sensor strip and a hanghelgegl ectronic

tdatrheds.f br onerpinesbithe Hyeatigr A biga KB IRAuHRBQRE UHBCE
R o AR Bl RO RE T S K

p-may inclu

t@élﬁ?&l&é)% a datoHnRenelesith 0tfe condehtetionafahé ynalgie.
i ncl ude

a reference or third electrode. In one
aspedhe sewmr strigr hiay gnande 8 ovarking aleciideoasgunigy elpstrode,

a6 apriont g B & g cSorh TS A oL AL QBB AgReg the
AR SR dold iptbepanas s oot
k8 @Epiioies/endeposition, tsuckeas tethe AdvensizadfdnODI&Gsensar.
o ot b caorle mebe coadl WY Wagthl Bler
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, whi.ch 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
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bl ood sanple and a nedi ator, such as a redox conpound
which re-oxidizes the enzyne after it has been
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el ectrode. This reoxidation results in the passing of
centent pidhe biendsagrplehe el ectrodes and the conductors
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layar.Whhe diissicharaevoftbe reredsnedizo drom grosadnpipdo the
current passing through the sensor, as a asurn e of
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I ' ' do the sensor strip and the-
E%Cﬁgggéﬁ?ﬁﬁg%@tgfgg é?Uclaaicts with the enzyne within
Sednnifg TeaadiqgiepXxi Mty to the reagent 5 layer. The
“diffusion rate of the reduced diator fromthe

samphalike coneeniional AgPearaseetRbeRd RRNIOMElYWhere aganstant
' bet At i.

B BRoBRLLFRRE LR RSl RSl S00anh f e

vBREWATEhORBAN ARGV SIIEY iﬁplﬁﬁ? aQsutb o {1V yltaded ueross the

constant 10 voltage is applied while the current is
chetrodesat afixal fam O/sen aod measering trg eurenstas v faecim ¢l

i nvol ves appl ying . a tential . (Volt th

ot o o e Ve ooy SR er @R g e
. ; ; e >

e i mai: (R oL AR RS SOt

réepkileo aorowtiyaloitammeetnet . Cyclic vol tametry

scanning is comonly 15 referred to.as !

) . ‘cyclic
Vol t e ineandeameurians f heouprkiniaelegods, & measyred
. | nye ) . o
W bt PR, L TREEMERGe Vlrdes REaMPWAR drfe 2P
c?gﬁ‘t%h%me. r?ﬁ@scaﬁh@n%@,%ﬂch ap@em SUs N t@s+Drsov) may Govertthe
e

. , may cover t reduced and oxi di zed states of
reduasdicandpaxkidized states ofa radgrdiain sorihak diRddoR frafmeone state

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 smail 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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20 to the other occurs. The current neasured at the
wor ki ng el ectrode may be thought of as having three
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rrent, and the surface current. The surfa
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reagﬁggc%mBLé < 60@5‘% Eonrf@far(g%hc?%aewcrgy@ktlo a'F%wer "
reveiédcepitch@yalnedisdands applietarsubstantally the sarierscan rate as

peak current, the nmeasured current dg\hcl:fgg/s and .
. thafipnast bes. LCetlicaand §t saree FHAEEHATY GaN§ Ay examine
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e t; i iefHdt@ital ol th MERO00/ thé 4iféusion
V'%ﬁfﬁé@%@?@?@g‘%gﬁ%ﬁfh% pl :tgau regi on of the scan
rafel IMhé retox dpecids té te elecirodd swrtrceur rent passi ng
t hrough the el ectrodes, which can be._ :
meadurelaéen i%é?@r?%‘&éﬁf U R 57 i3 3RF g“o‘”‘ 5%@}1'&@&
fter co L f 3 i itelPphodiod ot ke scah.
el BB G158 sickly st Wb RbitolPpoiiopict thes
TraPRVaRtheatof Ty bist and heydli sches mayrbessperialin advastagenes for
forward scan. Cyclic, and in sone |nsi%)?nge(e®% ac C}t@c
qumifgngrtiye Sathi-Hate qURENES OB RRIHEFRTE Bty epset gt
froma reduced, st.ate .t Ji.di i
sconras. AAUGT TR Py S SRy Jetaniiney
g glb%tfbﬂﬁ‘ﬁi §10 “£1B6rSiHehish Methoat:eF uridatvieata eauk AppEcatiess”
the el ectrode surface. 10 In relation to a |inear
by @dnBakyaid t.Rafdulkog;lli980scans may provide a better

et ek Sey
Imhg ggggﬁtgﬁ’&h'tﬁné GAOS sUBMal®al fRRRGEAIH the amount of

or quantifyrng the steady-state
RS Nb IS ol b EHBrEiealy comxetesltbitke medsyrablei styeatlhpgdt the

IR e Ol R R iy ok L (e
ey R B RN et
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, & 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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Acyclic scans may have multi pl e advant ages over
cyclic scans including a shorter scan tinme and a
substanti al decrease in the amount of nediator
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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 shorien 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.

BT, [0x]
nF  [Red]

0.059.  [Ox] » [Ox]
5°C EY+—"1o n=1 E¥ +0.05%1o
TRod] —22= n CBRed]—— ®Red]

E=E"+
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gradi ent creates a driving force for additional
medi ator to diffuse toward the 15 electrode. In
conmbi nation, these forces provide the initial forward
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For reversible systems, it may be 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 inherentiy quasi-
reversib.le, fast scan rates may cause a redox pair that is reversible at slow

scan rates to demonstrate quasi-reversible behavior. Thus, it may be
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the potential at the working electrode wll be
approxi mately 60, 120, 180, 10 and 240 nV away from
the zero potential, respectively. Thus, when the

ratio of ferricyanide to ferrocyanide is - :
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is@A6ded deopfevehtble bpstomb, thotreversing paintdér a axcliceacyclic

pai r. For quasi-reversible systens, it e
sqanehay bebelecied spdbatdeora 1894R %@rf@ng Qi ghp 3%6496“\’ of
1000 n¥V, thus scanning.. f ¥ 7
S R R L R e S b

icHr Aby iR ean be seleebe 5o ashi firmm 180 to 400 mV
pé—ﬁggr%%\%!rcsi blyé syster;SWbecause 25 the steady-state

opfrota 200 of 26 e\s obsteadyystale degionte P@VIdes.- pl at eau
region of the scan.s.no

cdosngathernREGRan Rreisi § Ry e del B sate

| r%@% rt§§ AN JRUNESE tHRYe eeSRaA MBHPX sdIddted fdtain dcyclic scan.

bl'e"at slow scan rates to denonstrate
AdWas iberRuRis Fitt. S H etaainmihe fShward scan aay tayminatingthe
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inG a9 PALL Akl AREa 3G heralRkst cfent BasE
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aspect, the reversing point 5 for a cyclic or
(@ewd dayckic dn stanssliffer thaisteadyiaie FArBeR o5thescatioRie
from50 to 350 nV, from 10 ) f )
neagy Me M esResally Wi f?%%ﬁ%oth%%g&pefgévsicg‘é‘d?v@@rﬂ‘géem
iLRYE] ol 10kB8 if BHET $F,MBe BRAMN-sthlercuareny edading
:%t%ﬁgaé%megscaﬁg/%@ngy be 'sel ected so that from 180 to
AU pMteas regiom Fabe tetu@igamovasf 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 ata
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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steady-state region is provided. For quasi-reversible
systens, the reversing 10 point for a cyclic or
acyclic scan may be selected so that from 180 to 400

r from200 to 260 nV of steady-state regi [
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e PRORGEh PR of AuadrERAL Wil REG/BERESE Thetolc
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3C, the forward scan. inclu £
Peaok Tguebltar SRR o S tegncibbad@Ridtedbfon
W& HABEEREIY Hiftain@Y SFiBRuE havingtto dnitipteithe ipdlid scamib the
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{828 HWin Bletidral- foUreMearise
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1RO cyelFse of AGe Abg b ACeRE ol dah e Sian are
B
Faiient. TR2keady-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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FI G 3G conpares an acyclic scan that excludes the
forward and reverse oxidation peaks of a redox pair
with a fast cyclic scan. The acyclic scan rate was

V/sec, with starting and endi ng poi
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Freverse scan fromthe reversin point to the point
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Urate representation of analyte concentration
Chem. a9asi 4913903 iOldhanme ok, "@9@@“@@% geneedt scan

vt el o AR B

teadl)lé)gét g%&,&ﬁ&fg '?ilros-ghj RA.POBRAITRRAT RIAS, quiﬁﬁﬁfﬁﬂol D,
“Application of the Cyclic Semi- Integral Voltammetry and Cychc 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
peakj. The semi-integral of the experimentally obtained voltammetric current

it} has the following mathematical form:
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Data Treatnent Through linear, cyclic, or acyclic
scanni ng, the concentration of the 5 analyte in the
sanpl e may be determ ned. Furthernore, the henatocrit
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i npl & ound in Bard, A J., Faulkner,
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' nd - #p-Anal . Ch
135&8%“?9%{&%@&%@ HHeisG |rg(§n§rﬁﬁefé.&’), al . Chem

"Sem -in r.al y . Shapes of

NeopdI's? ﬁi@'?%i & M4r8%%ﬁér ETH‘?973 45, 2043:

Dal rympl e-,Al f M., O dham K. B., "Peak
Shap gpfj 7 dpiRe. %W'T‘EFEE%'OQIOF’@I@Q'E roanal ysi s, " Anal .
Chem 1977, 49, 1390; 04 dha Copvol ution: A
Genehhh smcanémmgi"cﬁ@ﬁlaeem ppreaaé'd d?eesfrrrgr*%ﬂteﬁ?%-’wgfé‘
Uni ver sal Al or| thm" Anal. Chem 1986, 58, 2296;
CF‘B’HPU§§'VE§' , Martin, MT., Ruiz, J.J., Camacho, L.,

" APPl. catnrl_-g@r@(f: (émlsgy@r iC Sem - nt egr aI Vol t ammet r y{3)
and clic Sem- D fferenti al VoltamTetrytothe
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cur 1 at STRNICY i BOCRERG0 20eE SEHY FACSGrIT MG ARe
T BT LESTf o s
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 it 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 = kAt and u = jAt, and
i is determined at the midpoint of each interval,

1 iﬁ i(jAt—1/ 200 A8

)
e fk-j+1/2

A preferred algorithm for digital processing is given by:

I(kAY) =
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WD 2005/ 114164 PCTI US20051017009 /2 dr-112 i(t) =
I(t) _1/2 J(t i(u~"z du (2) where 1(t) is the tine
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equally "spaced tine intervals betweent = 0 and t =
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eferre orithmfor digital processing Is given
by: Egdation (3) also shows that reversible or quasi-reversible redox pairs

are preferred for use with semi-integration. This is because the semi-integral
from a reversible or guasi-reversible redox pair can exhibit a sharp transition
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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'nﬂH %ﬁieak%\éﬁfe?écp hﬂh@&%&lt]@ﬁld‘f tis@redexiaii. tFIG. dhatepicts the

ition fromthe reduced state to. the ox@(olézed
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SRR RPN, Y ey
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thobeh rag‘état' or Eamraat an IR E B DB O B revere
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ation procedures, such as those

sgﬁlﬁfgl bed in U S Pat, 5,429,735, may be used to
ieve the preferred el ectrode activity. :
HeamatoDet Effeti ve I n addition to sem-integrals,

sem T RN Kgr%a’%cn?ran%e (REFRILBRARRP) 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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may be used to quantify the analyte by nmeasuring the
peak of the sem 22 WO 2005/114164 PCT/ US2005/ 017009
dg{l vat hve. I The sem -derivative of the experinmentally
obt aj ne voltametric current i(t) has the
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% i @e\ﬁgl@%‘% nb%tstH{% ] frbaﬁ fr%g@ acr% e']a‘?tl'org in tl}eognalysm
henﬁ*é)r‘:éc'afn Wqt ﬁe@@@ﬁnﬁ%iﬁ?ly&ab’r&lﬂeﬂ Il ok @ sdaaivepis rhdde

wor Ki ng-e ctrod the sensor strip |acked enzyne
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efers to the dif
olqeskisae B remnini PO ranaeRl ol Rﬁs“ﬁ%mt?niﬁéﬁ'ﬁﬂﬁ?
v‘éﬁ{,@’g F&Ft%thﬁﬁbb/%@ﬁrﬁrat@h'ﬁheas the YSI 2300 STAT
aval | ab rom YSI Inc., Yellow Springs,

Hdm&AoctiRedutiiexper i ment al gl ucose 25 concentration

readi ng obtained fromth . .
The In gne aspect, a slow scan rgte rrrneatlyhgdgor% ls’n%ﬁl v?rf?lq llﬁgﬁ'\fﬁychc, or

acyclic scanning and semi-integration to reduce the hematoctit bias of the ‘

concentration determination when whole blood is analyzed for 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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di fference between the reference and experi nental
readings results fromthe varying hematocrit |evels
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For %4 Hedsnigtring ml AEvagie YRENBUAIRENA oG f et
p(lg&ed ggcal?r?st%hg’ | hLE @mcoggegncem‘ﬁﬁonst H&aPR Mematocrit 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 vollammogram. 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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portion of the sem-integral plot is responsive to

the hematocrit content of the 25 sanple and the

magni tude of the peak nay be quantitatively rel ated

to the hematocrit level. In another aspect, |inear
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ankdyterron Aertratian itheuicorpensslirn LaHaliih @8 siscugsedfygher
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per cRNnoRerBke&dt! fasten sédheratdNRUch. as ThE SO0 tanidS] 00D in/sek:
the derivative peaks may be used to determne a

stuemates of FIGE d@Bearsht 0Gnmay ha sombinedbwitgdineat «yclic, or

determ nation, as.descrj.bed, furf.her_ bel ow. .l n.anether
agichectannp Rl soay inisgration, decliafive o Sl depy MpR B!

| | hiaftRi it B &dstrd headl Bk dobtent of
QRS rodick e BEhvafitrh i o figdshrd eI Tae doirent o
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glucose concentration, FIGs. 4C, 4D, and 4E depi ct
tiges, & signifigant henahl éordDe Wear- from the forward i near

scanyport 9 o s i coiveRtional

R Bl S B o5 o
afiHerémElY BPsiely sdan voakanann the diffusianmafghamediatogant the

glucose). 20 FIG ‘4F depicts the sem -deri vaig ive
correnemessuredwilkbedargaly, affecteddpgtheRBC content of the sample.
Conversely, if the scan rate is fast, such as 500 mV/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 Analyie Concentration

FIG. 5 depicts the effect on the cyclic voltammograms when the
glucose concentration of an agueous 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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pl otted agai nst the reference glucose concentrations
at each hematocrit level. The overlap of the 20% and
40% hematocrit |lines establishes that the hematocrit
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r a reduction of the hematocrit bias {hat would,
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trati .. Sem - deri .
effestotherine e sE e thercreeiit SppE" HEbaREhe
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S [ R LR B Rt T Or W T hott 2 conpensat i on

pRsty Bt tHergychie scirscars showhusstFii@s: 84:8Cowherarthartigitigement

aspect, faster scan rates,, such as the 500 a 1
bebcihestsayrsite cUnPnisRes BB GRSy HG™ 7 D7F
compi ned with,l i r i C, o i hlRdo
BB BR P Rb et et U fosr@iHg MmEAEor a
aﬂ@?o?o&?aw&i%ts@@ﬁlt to reduce the hematocrit bias and
mea

T O o ocr b ot S E R Lon 2BbF v
h%(\:z\?erlfer,tthg?)?éfefarea Lan lfain%grgitepgr?&egﬁ Ihef Rlok PSir¥@Hiator) 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 th‘e 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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When the total length of the scan is relatively |ong
as in conventional anperonetry or slow scan
vol tametry, the diffusion of the nmediator and the
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each of the gl ucosg conc ragi T L NG
500 e e B 3o SETETRS L. PR o R FERBS e
(h@'@é?&frkélate&fvfli the 4dAfl PL-BBATatddiR cBAfEAt BEthetsample to
percentage in the sanple, the greater the i .
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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15 reading for the sanme glucose concentration. The
correspondi ng sem -integral plots of the cyclic
scans are shown as FIGs: 8A-8C, where the
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P ' ased. Thus, as the scan rate
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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 dontaining acrylate-modified polyurethane was
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concentration values fromthe YSI instrument (X-axis)
were conpared to the sem-integral currents (Y-axis)
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e | _ . e

DBl T “BOCeRby B fin Rty Ballapred

th B8 HHARBI difror@ErRESdEhT saquial arvtheledspect] thed t o
escri be Phe curve of FIG 13A provid

des :
Retsstiaptdealdey200 isedrandbeldr meagUrog d%ﬁﬁé@%ﬂﬁ‘}lrtpé REChEnE

| ucose concentration, regardl ess.o :
s%nsor strip and imp}ement voltammetric sca?mlng. fhother 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 eiectrlical 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. 1A. The
electrical circuitry 210 may include an electric charger 250, a processor 240,
and a compufer 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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underlying hematocrit content of the WB sanple. FIG
14 conpares nultiple 10 conpensated and
un- conpensat ed gl ucose readi ngs obtained froma

sensor system of the present invention with th
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t eChi{ kS RpQes fdaddaBR stéralib edRah.24520aNoe anf,siBgd31
and 5,120,420, to prepare an el ectrochem cal sensor

ki, sieh a§|magﬂetip,aepte:ai,semg)rtﬂé§§tﬁ irpemony agdthe Hke.
a&!gg%llpg ontchb?eastgéa(g% St ! IrlgD a@p&l&;ﬁ&&?%ﬁeace

o ot e e 1

TRe ﬂis@ldg 78D eapdecinalug cadibital, BEncheadpieatia LChbdisplagn

by screen prlntlng in a pattern 22 and 24 to
adm’[ﬁdtmdisp@ylﬂga%/@ﬁ”@f'caéﬁé‘ﬁnéi ectrode, a reagent

| ayey,,26 .and 2 f [ ;
o ne DB BR e BB B SGE ORI SRR in

'ic%l BEmmiUMBcAMIHGV B tiidgonteayinR ey thel p&otess@dlezzl(l ghagnd
1 had surfaces of 1 mmand 1.2 m®2, 30 resp% 1hvely

divedt thheheiget 250 de spplyravel Bpanelrisscay ta fnsany

SHEiYA Gearabiis ﬁx@%ﬁ%ﬁéﬁab GoAEHE R B8 RMA0E resprnsa e
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iRicd tsbodbr sﬁaq)‘, eirrm ngpboseio@ URB m;aﬂ:t for edayiphey, t he
base was bonded tgo a lid 32 t ormt&e sensor _stri \P
Lo TG e et o op lereatatog QIgas RlQIpMAIY s@ndna

S5 B B0 R e

readable storage mediumn 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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pol yur et hane di spersion was spread on one side of a
pol ycarbonate strip and allowed to dry. The strip
was formed into a lid by enbossing to form concave

wgggqgﬂgdigggg by punching hole 36. The I|d ?ngzg%gmmg

by aligning and contacting the
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Per I
Pl ovBRETo SR AR v ol e Py PR b reen
090N tAd 1054 ¥2€ri é?caﬁipﬂi@,twastaibstanﬁmﬁmze&at wbde\l\he dn‘ference
el ectrical circuitry 210 and a displ ay g
bdmmtthetsﬂeed‘f\ﬂatﬂwfﬁtﬂguc@@dltbéf%@@“i‘ §Ufé%!§|cﬁeé‘ (Sigkthe
handhel d an eceive a sensor strip. In another

angtYWEfSHS%%& ¥d4&Gr i ng device 200 is a handhel d
meaSJl"I‘ié P(gué%ﬁ)\ﬁ% eSedtaRhRdefRiftegal ¥ftadreatRORPaNGtHE P
and ment vo tamretric scanning. |n another
d@ﬁmme athsedeeas'arm\vm@atd él\eratmenzs)de?lcsl bed lelsswhere was
measur i vj ce, ada ted |ve a . sensor
e ha EperPEh R G RTECkas, LPrsion
t ed 4€ [ th
AR e RpL S, SRACMALE éﬁ‘?”&ﬁﬁn AREAT TH iudterd |

ERRASEReridal Workstetio@smbdel CldbdsGt s 20a and 20b of
the sensor strip 10 depicted in FIG 1 A The

el ecExample 4:| rcuitry 210 may include an electric
charr 25 ) iofNd @ conputer
L l E L)
e el ectrical charger

250 | 7 ;*%S\Fvai liddhe Asickssia AU DIIE
char é@%%%&&oﬁ%@% vo?%]ge 30 to the contacts

R 2ddsehehwer seipslahdegl whb agueols glh@OS@lﬁpMWﬂS €8niHBE Oon
a_ charger-recor 0 5/1141
180T PORLAD AT FOBSTE Hh 5Ot dRTP 380 R B g As seen In

{ fig8 roSthd dHifeed t
tﬁ E‘E(Ef (t:h %ea eltgﬁoéragggwédg?gﬁwﬁczﬁ@% Iantgl‘ot he di spl a;)

higher potentials as the glucose concentration increased. FIG. 6 depicts the

corresponding semi-integrals for the cyclic voltammograms 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 unitul PQQ-GDH, 250 mM ferricyanide,
1.8% CMC, 64 mM phosphate and 64 mM NaCl. Whole blood samples
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230. If the charger is not adapted to record current,
the processor 240 may be adapted to record the
current at the contacts 220. 5 The conputer readable
torage medi um 245 may be any storage nedi
W§_§8‘{%§3ﬂé‘ti c, optical, sem conductor menory, Hanrg%b&%}mmm
contdifin .5%%&{%&9&&& ahaadab) L%t of 60B Heditvoriidihehaya-c,
P Y PiXked e ry device or a renovable nmenory
reglictioly ig Gms.df\—mrwa?ﬁabbé?mtbeéam@r stris- di spl ay
30 may be anal og or digital, In one aspect L
di s mhaweak@uaaabﬁ%@a the 66k 6?‘89‘?%8%”%@#3? i "(‘f%ﬁathe(‘;‘qoghes"'
readin Clack RS SRROEurPdrtiaB the samples
b"lf&%F%Ye%{ w\éw%?t%sgtrbp?kg&g?@&%%nggeggfr Feal  Gommun; cat i on
in 'u‘dlfh%W/o(‘(g)rﬁ@llmoﬁphemhlecrjt. otiessarer 4capproadises dor
the charger 250 to apply a volta tric scan to th
66 meEmnmtocitughols thdead sagniRlpe then2l (/& ComeniRlR Sshintiar
240 may start_th na IS, 1 ;
oAb SRR 425,160 BRI ccébgons
re%;géﬁii'vslgk OASHRRYRY ThcerltRgiOhtincreasusiarths GOMphematoicrit
responsé to a user input, for exanple. Instructions

‘whelasldbd gainpldseihertendy stato tutrprt webie desraaserdn seaRORE)

ereuke! ¥R OBRNPSAEEH 8TaC A e A L IHES The  —
Ges PBMESor bant rol I 1ng the functi onal ity described
in t%rﬁi-ﬁ@rhﬁ@ﬁ bpByclitheltimmogiams resul ts fromthe
W oyt st 2ovid o o sed Satety i GRTRY ie
shRpessa o Bl gk ot o L
R i e T
chreshahkiensif thagenpled? mfznksi_ntgﬁdaﬁmsgn@d@ IG5, BA, 8B
S ETEL o0 TR LD A0 408 MR s
IR S RO oA ol s b
P tispamat, Rpvchimatrt Sasresee Soarseor
nierie)anderpo@1prominent from 40% t6 60% hématocrit ) o). RisE % He
glucose concentration increased, the three steady-state currents at 20%, 40%
and 60% hematocrit separated further. The steady-state current at 0.3V 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°/c, 40% and 60%
hemnatocrit levels. FIGs. 9A, 9B, and 9C are cyclic voltammograms of whole
biood 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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WD 2005/ 114164 PCT/ US2005/ 017009 plotted as FIG
313. The data was plotted as a function of the
scanning potential vs. the potential at the counter
el ectrode (ferricyanide). FIG 3B further
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provi si onal patent application
filedlGL9 701 mtmeﬁhédosémﬁangéq:ﬂmalfon\ﬂje regyreed carent
sensor strips were constructed Ia E’ﬁ% diff ﬁ rent
and agaTHinTEERAb PN \ANESMERSRPFY ehh I NBIRIORrt0 6 FRPEIRSS

Al ff 0
el By 8 PR A5 Pl o o i 2t
éﬁ?ﬁéﬂéﬁl m%faﬁﬁicﬁnbﬁs beasedtethesic adl Kiﬁf’/otslamplmmtbextable to

ectrode. | ayer was deposited on the \f(\q]rkl n
te¢ betmabmmit mﬁ‘dﬁ FIG. 17C compares the accuracy o

e glugose
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
YS! instrument than those from the longer cyclic scan.

Example 9
Calibration curves of si currents at different scan yates

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. T1A, 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
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s ifPele" | JpEsnanBral | (PRI, gk Sl
56yClic volk amest 1y %34 ucod®n V%A 4225 alst 31.74
186an 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 (H1): 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 plotied 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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The sensor strips described in Exanple 4 were used to
conduct fast scan cyclic voltammetry with whol e
bl ood gl ucose at 20% 40% and 60% henmatocrit |evels.

FIGS. 9A, 913, and 9C are cyclic vol tammograns_of
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Acyclic voltametry of glucose in WB sanples, fast,
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scans, 488 iRV IY. 498CWhReds WeiatdeependantFl G
3H, the acyclic scan current value and the )

cor r espodighilag netinid aleo ewpyabe vsedrterfind/ihe hematogits v
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i n eackependaid ie(g8PEanpl es. FI Gs. 17A-17B show t he
dose Q& t t K REn eikéd ®Néonv@itthe si
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 aBedacy Bt@vidéntPpaBisultlyet highes sLsAEERRNENTEHOR-al ues

obtai ned fromthe acyclic scan are closer to those
Expmplntd fromthe reference

Derivatives of cycli¢ 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
biood. 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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correctlon 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 arf 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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o’ﬁgﬂés{éfﬁ%n(@%%i ngle slope (and intercept) at 40%
hepplyipgrantacydiceghe td hesampie, §leasyelis sgan gemprisiagriontard

.l i 0 .1 -

e SLAHEANE forkaRF B SRS %%?‘ﬁ@é*ﬁﬁﬁ“@%ﬁ?me?

rtbe reverse(sein ahdser the forpeekangtaveibabeans sebsteatinlly exeleding
Lk -ntear . f : 2 was obt ai ned,

f{ R%S%antllaotﬂoa%rgi r?&fcr’%%g;)g?ﬁs?f avrg%ae%’\ggn&cal cul ated. (D)

Usletegminiirigstheliconegntretion efdhempaiviainibeisempld. ue of a WB

sanple was 10 found fromFIG 13A (c) Using this

% hematocrit val ue, an appropriate calibration slope

s  demethedrasdlefinedhinfilain 11 3Berethe @nalyle is glucose, cholesterol,

1. o od al
VERTE 5L RSt B B SR B0, KRy or
carbon monoxide.

3. A method as defined in claim 2, where the analyte is glucose.

4. A method as defined in claim 1, 2 or 3, where the sample is a biological
sample.

5. A m'ethod as defined in claim 4, where the sample is whole blood.

6. A method as defined in any one of claims 1 to 5 where the forward and

reverse.scans ate linear.

7. A method as defined in any one of claims 1 to 6, where the acyclic scan
comprises forward and reverse linear scans, the forward scan starting and the
reverse scan ending at a point at most + 20 mV away from a forma! potential E*

of a redox pair.
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15 (d) The slope (and intercept) from(c) was then
used to convert the si current into a glucose val ue.
FIG 14 shows the final result of such a conpensation
procedure, where unconpensated gl ucose readings are
shown as di anonds, while conpensated data points are
'shown as open squares. The inprovenent in 20 accuracy
is evident, particularly at higher glucose
concentration. Exanple 12 Derivatives of cyclic

I'ta ' i I : IS IS
55 t ne ol B ae HRERAOR ol o8 of BRI Py R Ao Sean
peuiprises sranging theavaliage of theissan aha iate of & leasd 6 my/second.
FIGs. 7A, 25 713, and 7C, where the current decay is
the fastest in 60% hematocrit whol e bl ood. This
fPeat urfemethod ageigfinrd ineiaine Sewhew thy acydit gepn ¢renprises

. : . he

SFER Koo e SCor RN bfatRcl B0 AVIpEBRd TP,

vol tammograns at 50 ng/dL, 100 ng/dL, and 400 ng/dL
i~th 2009 % 0 i

1k ge i oS e A R SRk 1 RO et Syt San

compasemtimnging thenveliage of therasan atia iy obat mest 1€H e1\/gecond.

vol tammograns of Fl Gs. -7A-7C. Thus, the peak hei ght

in the derivative 36 WO 2005/114164 )

ACT/ usemethod BzeednedlinatgimmOnaheisdhe gextlic scangrapmnisas e

f . Lyt i acrihh ef fect

eRorg i rRBlAGD 6the SLdPalcoud O st BRSSPI 1 ot oc

in FIGs. 16A-16C was used, which is simlar to that
isScu : - r ;

S251 o 0B ARy She of S ThEHH (s el Soan

soopdgesd atan apge amof000o B00waN.t s ver sus the %

gl ucose at 20, 40, and 60% hematocrit. This is

simlar to FIG 1 1A for sem-integrals and

113 ustA metrediasalefinedinge coesf claives ¢ i tbivheradhetacyclic scan

| Bf1R28d D9PIREOGbi's00Th Fopd By Shows a plot of the

avefhge FAE10 of {he negative to positive peaks

versus % hematocrit of FIGs. 15A-15C. This ratio 10

115 _anof E%{hogejs! dUrhe PR o?le’?ﬁ RRIRCT kd 11, WY thb%c%&fc%can

caSe using derivatives of ‘the current 'versus voltage

reatineises feamardaaddeverse linasg seansovithined steadypigte regpg of a

redox pair, the scans having a scan range from 10 to 200 mV.

15. A method as defined in any one of claims 1 to 14, where the acyclic scan

comprises at least 25 mV of steady-state region.
16. A method as defined in claim 14 or 15, where the steady-state region of

the scan comprises a change in electrochemical current with respect o voltage

of at most + 10 %.
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shows the slope of the curves of FIG 16A versus

% hematocrit. In a simlar procedure to that for

sem -integration, derivatives of current versus

vol tage were obtained.and the negative to positive

peaks were used to define a 15 Hematocrit I|ndex

(HI -DER). The HI -DER was used to determ ne the

% hematocrit fromFI G 16B. Then, FIG 16C was used

t13. corr methog e defiragsin claim Jruth 98 18 gvitesn therasy Cligsean

%bﬁlg)ﬁgés‘)& Felvters g faint LelcRAWBFVIdRGront 84 110 AT of Sfeabifle

crit ef 8 using the derivatives of currents

stataregiah. by voltammetry. 20 While various

enbodi nents of the invention have been described, it

wil | be apparent-to those of ordinary skill in the

46t 1 hametbofies defitestinimelone ohelMSPdeNneeitBn Soxiescan

FAE ﬁ%’rx?ésea Y&E%%&H ?erﬁﬁr%ﬁ% af a pOenidMH#EMHAAB-500 mV negative
ccordin the 1nventioh 1s not to be restricte

ém@re\nerﬁlmg et of the attached claims.and their

equi valents. 37 CLAIMS 1. A nethod of determ ni ng

concentration of an analyte in a sanple, the nmethod

c@npr iAsinatiod ae pefinerinany 269 of clalr@daﬁ@ owhpre tha gpycdic scan
tim ﬂgasc% [eReaa Wﬁﬁé]h?%hﬁﬁfﬁ%ﬁenmhé RYBFseScan

sca orward scan starting at a different
\isViategevtat apshRSbdrom asteady-sletecuieah ends or t he
~forward and reverse scans substantially excluding

t he oxidation and reduction peaks of a redox pair;

20 dek wethodiasglefined by one AEIRI b thwharedhe @eydlig scan

t{égnpzl%ég’étqeas% oneA‘v g%gqoxﬂtﬁi ggf £88% 100: ‘Pc';d?‘icﬁhtilatlo\‘\’@ﬁtfcﬁ

te 1s esterol, triglycerides,
abelt\mﬂretwe SPQC@?ﬂU%&d@X Pah. al cohol , bilirubin uric
acid, NAD(P)H or carbon nonoxide. 3. A nethod as

defined in clai m 2, where the anal %te is glucose. 4.
Rinet Hothethoddsfdefiaed inranyloae el ¢laims bio 20, whires i@e@gyelic scan

i@ﬂﬂrﬁg?ﬁ St 18 oRE %gie?]\%]l at SBkiRg efectrANd B NRAsEfR0 mV.

In claim4 ere the Sanple is whole blood.
6. A nethod as defined in any one of clains 1 to 5,

wher e A RRtHdarasalcin@@mh any one of claims 1 to 21, where the determining

step comprises a semi-integral data treatment.

23. A method as defined in claim 22, where the semi-integral data freatment
comprises semi-integrating current values from the acyclic scan and determining

a steady-state semi-integral current.
24 A method as defined in claim 22 or 23, where the semi-infegral data

treatment separates at least one steady-state current from at least one

hematocrit-affected equilibrium current.
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reverse, scans are linear. 7. A nethod as defined in
any one of clains 1 to 6, where the acyclic scan
conprises forward and reverse |linear scans, the
forward scan starting and the reverse scan endi ng at
a point at nost 20 nV away froma formal potenti al

E' of a redox pai r. 38 8. A nethod as defi ned in any
one of clains 7, where the acyclic sca

&8npr v"sfé§th€ﬁ@ﬁ§§eﬂ@eq in&laiBI22age A5R4( Waere é%ﬁwsedlt" integr data
@leafiertt @8mbridesbat B4t 86Ol -ste§ intdyrafdmod as defined in
claim8, ere the acyclic scan conprises changing
the voltage of the scan at a rate of at |east 500

PN/ s e@@rﬁ@tho@l Qs defiRey |HQﬂly e @eEhinRMDI B BNYHeRAhEEemi-
cl ai s where the acyclic scan conpri-ses

#hegrgh q!?dagrﬁgtrqmt{ag[ﬁagmetq@eg%eg@cg rate of at nost
175 nmv/ second. 11. A nethod as defined in cI al m 10,
where the acyclic scan conprises

#61 t ademethodias defingd igrany OPﬁloédé'f"SaT tq?é;%qt”hS@ the determining
%lé’piﬁ)‘ﬁ%ﬁes hematdchtddrstnastidheohipriging HeRMMintYea Rftio of a

cl ai ms to 11, where the acyclic scan conprises a
§§ﬁ‘ﬁ°¥"'é?f§é’apﬁd?na@¢ﬁ?dﬂt§t%®9urﬁ?ﬂt valge. A net hod as

defined in any one of clains 1 to 11, where the
acyclic scan conprises a scan range from 600 to 1000
% 14 mathederslgfingd Beany RBg of faimsy T o, whets the dstermining
Liep d&iﬁj’ri@e& BRleAMIE dataStfetimestOnPr i ses forward and
reverse linear scans within a steady-state region of

a redox pair, the scans having a scan range from 10

9, 200\ MMhodBs d/éﬁﬁ@i m%H%ﬁe@ﬁélhm PR WhekNBe @btermining
claims 1 to 14, where the acyclic scan_  _conprises at

ISW”H'SWhéma@P@W@”Q?@”W@ﬁIRﬁ'ﬁ'“g Péyiding apegritye peak by
@afdshied peak.cl ai m 14 or 15, where the steady-state
region of the scan conprises a change in

el ectrochem cal current with respect to voltage of

ab. MK metBd8 dbfinedSniEy pd or8lamef | Bt Whefd Rk Meffmining

15, or 16, where the acyclic scan conprises a
ﬁwnﬁ'@%aﬁﬁm' g%‘l“@é‘i’%éaﬁadreﬁFWtde from25 to 400 mv
of steady- state region.

31. A method as defined in claim 30, where the semi-derivative data
treatment transforms at least a portion of a voltammetric current region to a
peak.

32. A method as defined in any one of claims 1 to 31, where the determining

step comprises inputting at least one steady-siate current value into a

compensation equation.
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18. A nethod as defined in any one of clains 1 to 17,
where the acyclic scan conprises a reverse scan
termnating at a potential from50 to 500 nV negative
froma reversing point. 19. A nethod as defined in
any one of claims 1 to 17, where the acyclic scan
conprises a reverse scan term nati ng when the current
of the reverse scan deviates by at |east 25% from a
SBeady methbe as ldefirmdtin apy on\ohalaitnsd tasi2dehenadioe stepohy
n . :
SBfenul P Bonckolrdicor S RAE MBS s |
to0cehtratioreealte eiosi;emo tkmt obta:rbdtfmm refeienepiostigserdtthan if

r ' . ed in any one of
gﬁ@l?@seﬂﬁh{ege %‘&St@ﬁe P@%a g%'g%f%rp scan conprises at
I east one potenti aI at a working el ectrode of at

ast 1@9@@35‘% yieing %LEQIS éﬁ?lcg %r'ﬁ@m\ﬂhgi%&ﬁg%t@é ofan

a| ns ermnin
anakyta iniarsaegpleg [conhatising re atyain scar@®g meamring deviee adapted

?gigcgﬁ,g aitggng&agt,rg 2Aerdihere the semi-integral data
Feat nent . conpr

I'ses sem -1 nt egr at i ng current val ues
f r om theagcicstanningameasndngldedeandammiges at lsasiAug devieg e

mac{sgé g%%l gl c%w]n%ﬂﬁcaitlﬁﬁ with a@éﬂ‘é{ﬁthﬁﬁjﬁﬂ %fe'cﬂfcg[ &ifduitry;

alm e sem -1 nt'egra
t r eat macmmn@g rmasuemdemﬁeccmmady cisqLitryeansia r ent

B

aevizd comlaehs,ethe fiewaehscanrstatingat aidifferent vcx&agerﬁlan where the
%@gé gc.ea% d o? tfoRNrgf‘d gﬁé Feva' an% ingd's ﬁ?@( eg%ﬁ.ndw@ the

ined In any one O
wixetation Iamd wm:non paalsgp‘é\a retme(@atrrm ment | acks a

time- qﬁ@ %Q;%Fgt?ﬁg@%&)ﬁéeszé?eavﬁﬁg{aéﬁ%cgﬁ? gsﬁéopgﬁilg' d?)ntacts

any one o ere ne ermn
ghe first sensoi-steip chetaslt v efectricabenpemuritation witbrepworsing glectrode

gﬂ%ggé‘g%%%? esgg%o?trsg c?Jntfct mocﬁgén&x%rﬁﬁ‘%lm’gggdshe\néﬁlfa Qounter
i atecioge threuglf caridattoss, and e fist reagest leyerton aldaast nﬂléhbfrtge
f’reté%ﬁrggggnlﬁé ﬁrgtsreg Qrﬁrtéﬁé?kbﬁ’: r:glgé &n F))EI&&'E .lénse %@i ast one

i n-any o ere
tapecige bbtheiredaxgpair.
35. A device as defined in claim 34, where the analyte is glucose.

36. A device as defined in claim 34 or 35, where the first reagent layer is on

at least the working and counter electrodes.
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step conprises hematocrit conpensation conprising
dividing a negative peak by a positive peak. 30. A
nmet hod as defined in any one of clains 1 to 29, where
the determining step conprises a seni-derivative
data treatnent. 31. A nmethod as defined in claim30,
where the sem -derivative data treatnent transforns
at {east a portion of a voltanmetric current region
t%- a Apeayice apdefinedin Ham % 33or PRPMANISERR THTandfeagent
Gy BR at ekt tRd colMier QedthRie OB REPIHY B8gert IBr SAAPHSIrgSS

i nputting at | east one st eady-state current val ue
il9Ash 0Be SRRGIRFeN SdPAShPAfuati on. 41 33. A nethod as
defined in any one of claims 1 to 32, where the step
‘of determlmqﬁ%grm concentration _of the analyte in

t3e sdhie ned inanyciecd $taime SH i %7a|%f@r%1h@§é@ctrtca'
tchea.tr? @&ﬂbf‘% rhéR78r AR EAT BcyciS$danB ie dMBr dtfip, aEd

coul onetry were substituted for the acyclic scan.

A SPRESEP SARPPEAINEATARI ng device for determining
concentration of an analyte in a sanple, conprising

an acycllc scanni ng_measuring device adapted to

e ei Vedeyiceassafingd in ﬂaimw&erﬁ thﬁﬁ%rwaa%mq eveEs FRRNTAre
mRaguri ng device conprises at |east two device

contacts in electrical conmmunication with a display
through electrical circuitry;, the acyclic scanning

geRS UTA adlidteNd 4&tine@ "H%Haﬁﬁ% 61 3& Whefa/tha Beydlic REAE 8&ﬁ;§ﬁses
con%@gured to apply forward and reverse scans to the

derwagd gnd f%rsedﬂ@Wr@@aa%ﬁh%mardﬁqén pBrtiRgranddea reverse scan
Endinyi 09 Rint at ﬁhbétfﬁﬂ@ RV @y PGB atibrathl PRl EPf a redox

reverse scan ends or the forward and reverse scans
$f@Wstantially excluding the oxidation and reduction
peaks of a redox pair; and the sensor strip conprises
at least first and second sensor-strip contacts, the

41 st Asdenes assdqiingd ibelpig: 88,39 qg|4gcwlp¢r§étpe acyclic scan

CRHIPHBES AV JAt trBveRsd\iridal BEarRIVAGIH P8R adyRBidtd fGion of a
second sensor-strip contact in electrical

CBANURAIG i WANHNRHNG A Seamfange fiemeld o8 Yir ough
conductors, and a first reagent |ayer on at |east one

of the electrodes the first reagent |ayer
cﬂ?rrpr |/§F‘ﬁ§‘°§r9f8§1ieﬂ?3¥”§l$tﬁf’tnﬁ%@raﬁﬁﬂo gn P'@M? inyj &mple, the

method comprising:
applying a voltammetric forward-linear scan to the sampile;
measuring the resulting currents;
applying a data treatment to the measured currents; and

determining the concentration of the analyte in the sample.
43. A method as defined in claim 42, where the analyte is glucose.

44, A method as defined in claim 42 or 42, where the sample is whole blood.
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defin

species of the redox pair. 35. A device as defined in
claim 34, where the analyte is glucose. 36. A device
as defined in claim34 or 35, where the first reagent
| ayer is on at |east the working and counter

el ectrodes. 42 37. A device as defined in claim 34,
35 or 36, conprising a second reagent |ayer on at

| east the counter el ectrode, the second reagent |ayer

eksnpr Aomeifjod s definpstin slaim 43643 @stomhare e dowatd scan3sg,
Hl?yéé%ﬁch%ﬁ ﬂ@ftr'len ab& of¥ PRt rofte & ziﬁea%f"ﬁ@m@kecond.
WRere the erectri ca circuitry conprises neans for
appl yi ng an acyclic scan to the sensor strip, and
the s [ ' as
1851 manothod pEidBnglh el 40 s SAEP WRer e 1ohaRY SR
sompgsenr ehanping &g voltage opthgsoarat arateial atirast b0 EIVaespnd.
38 or 39, where the acyclic scan conprises forward

and reverse linear scans, the forward scan starting
Aid t Hemetbod as definethin asnane gf eeimg 47206, whergdlge forward

{d Aloofyof a redox pair.
}}I[?ﬁ% Hege@%gﬁgéﬁgr{re%mﬁﬁ@ l aim 38, 39 or 40, where
the acyclic scan conprises forward and reverse

'4!s”eafA HEARS awo*eﬂhéa A a%g%ﬁgxf a&.ﬁ%s%zrt%gﬂwfmnﬁér (%mzﬂrf%ﬁﬁx

al r, t he scans avili n scan range rom
ra¢plymz a woltamniasc @Ne@@tilm?@ﬁ SeRR P V8 FeEwler %tta TgMersing eRint of

ﬁdlﬂe&wiﬁ l e, the nethod conprising: applying
tammetric torward-linear scan to the sanple;

msasuri ng the resulting currents; applying a data

Qe at lEﬁ]lE’[ tsl'b%ﬂﬂgfﬁ%a%q 48U hER e vé!fé%m&ﬁﬁ ?d’n%ti&l' aﬂﬂ

e concen tion anal'yte in the sanple
nev&mlhrwra@nsrfedn Rgydicsican. 42 vvhere the analyte is
gl ucose. 44. A nethod as defi ned in claim42 or 42,
where the sanple is whole blood. 43 45. A nethod as
¥ i nefdmiethodasidefined ingadaird8ay 49wweere the EEVEHORERB scan

comprises at least 25 mV of steady-state region.

51. A method as defined in claim 48, 49 or 50, where the reversing point is
selected to provide from 25 to 400 mV of steady-state region.

52. A method as defined in any one of claims 42 to 51, where the steady-

state region of the scan comprises a change in electrochemical current with

respect to voltage of at most + 10 %.

44



conprises changing the voltage of the scan at a rate
of at least 176 nW/ second. 46. A nethod as defined
in claim42, 43 or 44, where the forward scan
conpri ses changing the voltage of the scan at a rate
of at l|least 500 nV/second. 47. A nethod as defined
in any one of clains 42 to 46, where the forward
scan conprises a scan range from 400 to 1000 nV. 48.
A3net Wodethed de tiefinad in any age ehdaigt 42 taicrswhgre thy lpyward
5H5d BSho rfs%%f leSh{he \%Rgé%bl%gldﬁ‘l VR IdRPHBHE: h Congentration
reverse-li1near scan e sa l'e at a reversing
patiorhetwéen tivespeoieaaf dr¢doxd@ir- scan. 49. A nethod as
defined in claim48, where the voltametric forward
and reverse linear scans forma cyclic scan. 50. A
P8t hodk msthad fab definddhn @ngions #BclaimsAP togievbereliee forward
I

BAFE R BTN ARl ol KB ofE oo oast tpo v
48, 49 or 50, mhere the reversing point is selected

pr Qv r S n.
55, PP e ol B8 Befind ) Btk Quink PAPAT LS (S0
Sreatrogrd nsesarmenteyr@hdi?ﬂ\!@wat seMmiglgrivativef Ortﬂw@r@bi%ﬁf*on fhereOf
conprises a change in el ectrochemcal current with
respect to voltage of at nost 10 % 44 53. A nethod
&6. defA methodasalefineshis dsimdiSaivherebe defadizaingi cempriges a
f Sd}j?é‘ ses at | east one voltage
prgg]v é@q{al rgé;(g}téhg 100: 1 concentration ratio
bet ween two species of a redox pair. 54. A nethod as
?:eff | ned ool RAfePh i ﬂ'd%swﬁgrettﬂe data tr‘@%ﬁﬁ&t%@ﬁl rlses

ward scan conprises [ east one potential a
werniniggretirgcthe odeenss fram the &erwanBmeayscansmd dAtermrtmda

f f clains 42 to 54, where the

%f?sﬂﬁ eJ'ttérlgg wgﬁ?éyasl%{s}gr?n&-l ntegral, derivative,
sem -derivative, or a conbination thereof. 56. A
@ hody AsHARidNRANLinddinB5> 86 oY‘@? r\ﬁhetr@ﬁ]ed_éhﬁ‘ mtegral data
tTreat ment” conprises a sem -integral data treatnent
Seatmentdadked time-deandencd facior.ai m 55, where the data
treatment conprises sem-integrating the currents

fromthe forward |inear scan and determ ning a
A% adyA pethod asalefingh inedaial 5% wheeenthe data treatment comprises a

semi-derivative data treatment.

60. A method as defined in claim 59, where the semi-derivative daia
treatment transforms at least a portion of a voltammetric current region into a

peak.

61. A method as defined in any one of ¢claims 42 to '60, where the

determining step comprises hematocrit compensation.
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58. A nethod as defined in claimb55, 56 or 57, where

the sem-integral data treatnent |acks a

ti me-dependence factor. 59. A nethod as defined in

cl ai m 55, where the data treatnent conprises a

sem -derivative data treatnment. 60. A nethod as

defined in claim59, where the sem -derivative data

treatment transfornms at |east a portion of a

Bal t ammalaﬁhbd as deiiradtin claign 6, winere the comepetsaten comprises
od. as,

BB PR bLF Beaodity 03he ) o el BT ol rkHalue.

conpensatlon 45 62. A nethod as defined in claim®6l,

ere  the c r
?5. ﬁé‘gﬁtheg ggg%ﬁr?ed |ﬁ Iala g@a\,vs éttﬁ@%&%ﬂ% %OEI']%?IEQS
\radudting 26 Brasomesttbanty- astedmfrenfe@!umn’r@l mmmsamaﬂm
determining step conprises inputting at |east one

steady-state current value into a conpensation
@duat ifomethod 4s défimestihady ase dbélaimsdt tn E8nyheradhestep of

clains.4 3 ; ‘ f t he
ARt Saar S & he'SnaVEih e salBleplBLed |00
moncmmatim vadue olaserdo tHab setained fitohaa reaferencmvdtrémenhiban if

f I
SEHBIERY Pt PO R o PRl PG AR REn. o

65. A handhel d anal yt e- neasuri ng device for

% ter .'Fg”' %gfa%%&{g &%gé&mg%\lr’a@ fordilithdnd &b mh%fan

ric-scanni ng neasur ng_ device
anha]gtead atsmmgm: ebmerising enfstbammetnqﬁcaMM measuring device

Vaggtgf ecegg s%rﬁ%lrkgn %yél ng devi ce corrprl ses at
t6

contdcts in electrical
conmunhe acbliammevbrltb beamnihigapéaspring devighcarhpyises iat lgbst two

et o Fol Py SRR LA AR T i ek ©

ajipliyry;a vol tammetric forward-1inear scan to the at

| east tg%‘g\ag‘#nevétﬁg i;&?\ﬂ @[% éﬁﬂg dE\n é&ﬂﬁr@és%‘r&wtﬁ’y and a

conpr i Tehs con sensor-strip
quotessorssonfigired ta apply 3 eolbmmetric fgpwetshiingar s¢am to the at least
Iectr| é cation with a working el ectrode
Wa dF’H'ggg r&%& sensor-strip contact in electrical
c ommurthe a¢mson siiptcomgrises attieast first and second sensor-strip contacts,

the first sensor-strip contact in electrical communication with a working electrode
and the second sensor-strip contact in electrical communication with a counter
electrode through conductors, where

a first reagent layer is on at least one of the electrodes, the first reagent

layer comprising an oxidoreductase and at least one species of the redox pair.
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el ectrode through conductors, where a first reagent
| ayer is on at |east one of the electrodes, the first
reagent | ayer conprising an oxi doreductase and at
| east one species of the redox pair. 46 66. A device
as defined in claim®65, where the analyte is glucose.
67. A device as defined in claim®65 or 66, where the
vol tametric scanning conprises a |linear scan. 68. A
®6vi cA deviakeds dedided im daigi 60, 8bers the@nalyleos gluchse.
vol tammetric scanning conprises a cyclic scan. 69. A
devi ce as defined in any one of clains 65 to 68,
Wier e A tayidel assdefinedignesiaim $%agredt, inbersrthavoltasametric Iseanning
L ] er electrodes. 70. A device as
\clff\gﬁéhg%?ﬁngegﬁg%ﬁie of clains 65 to 69, further
conprising a second reagent |ayer on the counter
ectr the d.r. | S -
Pene: Aoires AoEeg I b fEGES oo, Frete inE ORI ALAR sBinning
fcomptiseseagpiit scarayer is on the working el ectrode. 71.
A device as defined in any one of clains 65 to 70,
where the electrical circuitry conprises neans for
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layer is on the working electrode.

71. A device as defined in any one of claims 65 to 70, where the electrical
circuitry comprises means for applying a voltammetric scan to the sensor strip,

and the sensor strip contains the sample.

72. A device as defined in claim 71, where the means for applying a
voltammetric scan to the sensor strip comprises a means for applying a linear

scan to the sensor strip.
73. A device as defined in claim 71, where the means for applying a

voltammetric scan to the sensor strip comprises a means for applying a cyclic

scan to the sensor strip.
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