- 1 - SYSTEMS, DEVICES AND METHODS FOR | MPROVI NG ACCURACY OF

Bl OSENSORS USI NG FI LL TI ME 5CROSS REFERENCE TO RELATED APPLI CATI ONS
This application clainms priority under 35 U S.C. 120 as a
continuation-in-part application to U S. Patent Application Seri al
No. 12/649,594, entitled "Systens, Devices and Met hods for |nproving
Accuracy of Biosensors Using Fill Tine" filed on Decenber 1030, 2009,
whi ch is hereby incorporated by reference in its entirety. FIELD The
present disclosure relates to determ ning.a concentration of an
analyte in a sanple, and nore particularly relates to naking
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BACKGROUND
Analyte detection in physiological fluids, e.g. blood or bloed derived products, is of
ever increasing importance to today's society. Analyte detection assays find use in a variety
20 of applications, including clinical laboratory testing, home testing, etc., where the results of
such testing play a prominent role in diagnosis and management in a variety of disease
conditions. Analytes of interest include glucose for diabetes management, cholesterol, and
the like. In response to this growing importance of analyte detection, a variety of analyte
detection pro‘tocols and devices for both clinical and home use have been developed. Some
25 of these devices include electrochemical cells, electrochemical sensors, hemoglobin sensors,
antioxidant sensors, biosensors, and immunosensors.
One characteristic of blood that can affect analyte detection is the haematocrit.
Levels of haematocrit can be vastly different amongst various people. By way of non-
limiting example, a person suffering from anemia may have a haematocrit level of
30 approximately 20% while a neonate may have a haematocrit level of approximately 65%.

Even samples taken from the same individual over a period of time can have different



- 2 - haematocrit levels. Further, because high haematocrit can al so
i ncrease the viscosity of blood, and viscosity can in turn affect

ot her paraneters associated with anal yte detection, accounting for
the effect of haematocrit on a sanple can be inportant in making
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SUMMARY
Applicants have recognized that it would be desirable to develop a way to obtain
20 more accurate analyte concentration measurements that account for a wide spectrum of
haematocrit levels and temperatures with little or none of the attendant issues noted
previously. Accordingly, systems, devices, and methods are generally provided for
determining a concentration of an analyte in a sample. In an exemplary embodiment of a
method for determining a concentration of an analyte in a sample, the method includes
25 detecting a presence of the sample in an electrochemical sensor. The electrochemical
sensor can include, for example, two electrodes. The two electrodes can include, for
example, an opposed faced orientation. In other embodiments, the two electrodes can
include a facing orientation.
The method further includes determining a fill time of the sample with the two
30 electrodes and calculating a correction factor in view of at least the fill time. The method

also includes reacting an analyte to cause a physical transformation of the analyte between



30el ectrodes and cal culating a correction factor in view of at |east
the fill tinme. The nethod al so includes reacting an analyte to cause
a physical transformation of the anal yte between - 3 - the two

el ectrodes and determ ning the concentration of the analyte in view
of the correction factor with the sanme two el ectrodes. For exanpl e,
reacting of the analyte can generate an el ectroactive species that
can be neasured as a current by the two el ectrodes. In sone
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determined based on a series of threshold values. For example, the correction factor can be
about zero when the fill time is less than a first fill time threshold. For another example, the
25 correction factor can be calculated in view of the fill time when the fill time is greater than a
first fill time threshold and less than a second fill time threshold. For yet another example,
the correction factor can be a constant value when the fill time is greater than a second fill
time threshold.
In some embodiments, the details of the step of calculating the corrected analyte
30 concentration can depend on whether the first analyte concentration in the sample is less

than or greater than a threshold value. For example, the step of calculating the corrected



- 4 - analyte concentration can include a sumof the correction
factor and the first analyte concentration in the sanple when the
first analyte concentration in the sanple is less than a threshold
val ue. For anot her exanple, when the first analyte concentration in
the sanple is 5greater than a threshold value, the step of
calculating the corrected anal yte concentration can include dividing
the correction factor by one hundred and addi ng one to give an
intermediate termand nultiplying the ingernediate termby the first
anal yte concentration to give a fill time corrected anal yte
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the fill tingomfintdeencasurbd current as a function of time where the slope is greater than a thxrd
predetermined threshold. In some embodiments, the step of determining current drop time
can include calculating a slope in the measured current as a function of time where the slope
is less than a fourth predetermined threshold.. In some embodiments, the step of

25 determining current drop time can include calculating an inflection point in the measured

current as a function of time. The measurement of cell current as a function of time can
include, for example, performing current measurements approximately every 2 milliseconds
and calculating and storing an average current based on the current measurements
approximately every 10 milliseconds. In some embodiments, the method can further

30 include determining a level of haematocrit in the sample in view of the fill time of the



sanple. As a result, the concentration of the antigen can be
determned in view of the determned | evel of haematocrit. In sone
enbodi nents of the above nethods, detecting the presence of a sanple
can 5include applying an electric potential between the two
el ectrodes, and neasuring a change in current values that is greater
than a fifth predetermned threshold. In sone enbodi nents, detecting
the presence of a sanple can include applying an electric potenti al
bet ween the two el ectrodes, and neasuring.a change in current val ues
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analyte for which the concentration is being analyzed can include glucose.
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In an exemplary embodiment of a method for measuring a corrected analyte
concentration, the method includes detecting a presence of the sample in an electrochemical
sensor. The electrochemical sensor can include, for example, two electrodes. The method

25 further includes determining a fill time of the sample with the two electrodes, The method
also includes reacting an analyte that causes a physical transformation of the analyte. The
method further includes determining a first analyte concentration in the sample with the
same two electrodes and calculating a corrected analyte concentration based on the first
analyte concentration and the fill time. In some embodiments, the fill time determination

30 and the analyte concentration determination can both be determined using the same two

electrodes.



- 6 - I n one enbodi nent, the step of calculating the corrected
anal yte concentration can include calculating a correction factor
based on the fill tinme. In such an enbodi nent, the corrected anal yte
concentration can be cal cul ated based on the first anal yte
concentration 5and the correction factor. In an exenplary enbodi nent,
the correction factor can be determ ned based on a series of

t hreshol d val ues. For exanple, the correction factor can be about

zero when the fill tine is less than a figst fill tinme threshold. For
anot her exanple, the correction factor can be calculated in view of
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corrected anal %hﬁ ﬁ@acent ration can include dividing the correction
factor by ond RS and adding one to give an 20intermnmedi ate term
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concentration to gl ve a fill |“g% corrected anal yte concentratl on.
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to heat at |east I@oxpé)éxtelngﬁrjpémﬂﬁﬁnent OF an electrochemical system, the system includes an

electrochemical sensor including electrical contacts configured to mate with a test meter.
The electrochemical sensor includes a first electrode and a second electrode in a spaced

25 apart relationship and a reagent. The first and second electrodes can include, for example,
an opposed faced orientation. In other embodiments, the first and second electrodes can
include a facing orientation. The system also includes a test meter including a processor
configured to receive current data from the test strip upon application of voltages to the test
strip, and further configured to determine a corrected analyte concentration based on a

30 calculated analyte concentration and a measured fill time with the same two electrodes. The

system can also include a heating element configured to heat at least a portion of the



el ectrochem cal sensor. In some enbodi nents, the test neter can

i ncl ude data includes data storage that contains an anal yte
concentration threshold, a first fill time threshold, and a second
fill time threshold. In sone enbodi nents, at |east one of the

el ectrochem cal sensor, 5the test neter, and the processor are
configured to neasure a tenperature of the sanple. I n one

enbodi nent, the el ectrochem cal cell can be a glucose sensor. In

anot her enbodi nent, the el ectrochem cal .gell can be an i nmunosensor.
The i mmunosensor can include a first liquid reagent, a second liquid
reagent, andeleggeiehiical bR6s 16 eihdigatiodiindne, @B t3tvhbtgedin ildudereta includes data

con] Ugat ed t BT I SREGIE 5% 1AL L et PO TR T GLrghale e
be striped ogcédaell @nethr@hsia! lindeeaRBodiminBat attdde oflthe clsarrhdnitdl ginset,
reagent_ can incl ude fen{%g ani de, a sgbst ate for the enz

and. a
second medi at'®Si RetE & TOSESFY 250ttty .toﬁeés‘g%&&’i‘ageﬁ“ﬁ%ﬁ@ Pl
can be striped onpbheethihert) (REEEDAEheRIEh Ealcah®e digiv@se sditkor. MAGA®hdrC
beads, er_. el ectrode and

on the other hand, can he striped on the u

o red. IaThesT TSR parrL 8] (Pl A I oSTab (e SRR RaHe

separator, apnvedd a fidNEedRagdnt, AREGNS Bl Y GH RO RRBEEIc bR 5ROk

can be di sposed between the | ower aqd t.he upper. e ctrodﬁs The

plural ity ofa¢fghijareee ot it Houi dpacit cah ¢ an aptiadsecopyugpfed to

chanbery, andafenfirhd inGhAARE! The S 1q@RAGEdgRR caNBOALPedCRANhPRwWEOHERE dhd can

the separator and can have the first reagent and, the nagqg%ic beads
deolnr e srayEe,

conj ugat ed t@ ¥K8 Aht segend invidiisassat eaR debids ferupypide fetubett

can al so be f@rBghntiMdiReriePan@t &id @dlhﬂioﬁarrh@@ewn&mics@ﬁgeﬂdcamagﬁpéd on
di sposed therein. The fill chanber can be fornmed at |east partially

in the separ @t bveaplgctine apd cane drishelbeamreneliiindse prthe oBieRand coaf bp giiped

spaced a di s§{aRcenRPakLrddeam bf\gl. det ection chanber, and can overlap
at least a portion of the reaction chanber. The vent can be formed at

| east Wartially iThedmpmnetnioneansidjsdnaedsie Plupldly phohembersetoperaer axfel, and
the upper 25gl.e¢Ho ali%n@:%nftﬁsgclgl? sﬁ;a@ték%ﬂﬁ@di%@é&beft\ﬂé%ﬂ‘tﬁehgwer and the

reaction chanber, and can over east a portion of the detection

chanber. 1 n wnper dertrodésmiline plusaditopiechanberpran indedeiagactionplomdnt ¢ delasiione
afi rst s eal éh@&b?r?%eﬂﬁmhaﬂfbgr al“lf%%ga%ﬂgn aﬁgileMn SOFRARE N the ;—egﬁ'a{oi' briilcan
seal i ng conponent” can have an incorporated anticoagulant coupled to
one of the |lowetheding reqgpesrand teanazneleseadsannigatel] tofeaswtizovdposdidhaent |
and Ca}{:(:) be C?h%de%léﬁ&dchta%SQPéaﬁ afsg rl'ag?fo@mg\ﬂnl thé)ge &Q@BM da}l lhfu?egmg&ﬁﬁ%ent
seal the vent. e second seall ng conponent an pbe coupled to the
ot her of t hedibpwerthenid. Jbpéil chieletr codedprmrdmt Ivest gatiphs wmdhaoseerratohand one
vent, and calk tEeelo%grngﬂd%%{ag‘deletcgode_s, c%n be spaced a distance apart from the detection
chamber, and can overlap at least a portion of the reaction chamber. The vent can be
formed at least partially in each of the separator, the lower electrode, and the upper
25 electrode, can be spaced a distance apart from the reaction chamber, and can overlap at least
a portion of the detection chamber. In one embodiment the one or more sealing components
can be a first sealing component and a second sealing component. The first sealing
component can have an incorporated anticoagulant coupled to one of the lower and upper
electrodes, can be disposed over the vent, and can be configured to both form a wall of the
30 fill chamber and seal the vent. The second sealing component can be coupled to the other

of the lower and upper electrodes, can be disposed over the vent, and can be configured to



seal the vent. In one enbodinment the first sealing conmponent is a
hydrophi |l i ¢ adhesive tape. At |east one of the control unit, the
i mmunosensor, and the neter can include a configuration to neasure a
tenperature of the sanple. The analyte for which the system
5cal cul ates the concentration can include Creactive protein. The
sanpl e introduced into the el ectrochem cal cell can include blood. In
one enbodi nent the bl ood can include whol e bl ood. The el ectrochem cal
sensor can al so be a nunber of other analgyzi ng devices, including, by
way of non-limting exanple, electrochem cal cells, glucose sensors,
gl ucose 10nMedegrriBe vdde NBWNE BinBo&RBEAKS irsB0ilingXbripsiensie 8$9dBphilic adhesive tape.
bi osensors, and i munosensors. I n one enbodig&p% t he electngphenical
BARCIh AR

sensor is a §lGesbets ddisapirohyng. Be (fRPeosesis i

el ect rochem gakig&@idn thakh§ife AtenPelshndoheabipderhsaghlfe CRUIHIET thefystem
counter/reference el ectrode. The m?rking el ectrode_and the counter Qqr

count er’/ r ef etesilates hecronsepgation g feludp SeEprtip Biofeiny The sAmpleinERdussy 1ep fe
i cromet ers Qécub8iSticd BelPAS iRHRRMIGTEN In SheeRBEHRGnBOBYE et ihdiede whole

el ectrodes is in the range of about 80 micronmeters to about 200

ni cr onet er s. bla9fe spaci ng can be determned in order to achieve a

desired result, foE RXRHILBicabils: ot dlR el nragBEECHoRE: AnaSizaadiévisésat e
current in a desirable tine. In one enbodi ment a spaci ng between t he

el ectrodes igclidngdyarynl Bpn-lipane panple £ aHe g HrdE-SYPEIeAs ot GHESF

el ectrgde arhiNg, RinoRioda dehitds, ShiRiidaRdensodTiB&nYRE, lkhd Gniaiths€RGKEE BYondr
counter/reference el ectrode can have a variety of configurations. For

exanpl e, t heerehodimpany theslectpehsmicphicnsng sgalvrost fator { hrgfueogn sqpeor can include

substanti al | ¥, JRRBSREhidL QPR IRNRIkinS BlebtRRAY afPdlcdide ofccih@freRiterst de
configuration in which the el ectrodes are positioned apprOX|nateIg in
[5)

the same pl adlectrodheThe werking glesredsing hecoanigror sormfeatr¢iirenselectpds can

correspondin A0mBeRQr REs. Ph3A&EmbddimeHI& spaci
25enbodinentg?%g%g?écf%ggﬁgﬁé% I géﬁﬁﬂyncﬁuéessa morﬁ?nglelecfgggg, a

count el el echatwere,thasertmdedp iy the mngesfaberi 8 nitrepetesde abquh 2ehsicrapcters.
embodi ment  the s%&fgé §a§§a§ga§ﬁﬁ%m&§ﬂ Jﬁ%&%‘a&:ﬂi@f@a e radgaRakrs. The

el ectrode pairs-ca ide any conbi nation of king, counter,
count er/ r ef esubslewijalip achisdpsa stady sefeauapgdn efiesteblotms, e empodiment a

exenpl ary entodt MR SAFD BAFdac ACLUIES: MBI Pl EhGRLfedSoANtkoner

counter or cOuf reference electrode. Tn sti i ment
t he el ect r ocHlesiodahrive bi a wankidgaleetrade. ef f ecti ve cel |l vol une of about

1.5 mgroliters | ess.. Th I r ] . -9
T2 MH R botent s s e REY SRR et Bttt g B or |
a nunber of dinfifatgants. Fechampinte elenicddasicande fimyngrayh ahemthey Eantiet | ng

Crapl €@ e SR o bR S S PR v
the electrodes are positioned approximately in the same plane. The electrodes can have
substantially the same corresponding area. The electrodes can also be planar. In one

25 embodiment the electrochemical cell includes a working electrode, a counter electrode, and
a separate reference electrode. In another embodiment the electrochemical cell can have
two electrode pairs. The electrode pairs can include any combination of working, counter,
counter/reference, and separate reference electrodes, but in one exemplary embodiment
each pair includes a working electrode and a counter or counter/reference electrode. In still

30 another embodiment the electrochemical cell can have an effective cell volume of about 1.5

microliters or less. The electrochemical cell can be hollow.



5exanpl e, the desired reaction of the sanple within the cell. In one
enbodi ment the magni tude of the potential can be sel ected such that
el ectro-oxidation of a reduced formor electro-reduction of an
oxidized formof a sanple is substantially diffusion controll ed.
Sanmpl es can enter the cell by way of capillary action. A control unit
can be used to determine a fill tinme of the sanple entering the cell.
I n one enbodi nent the control unit can 10i nclude a current flow
detector configured to nmeasure cell currgnt as a function of tinme to
determ ne a current drop corresponding to the fill time of the

sample. At |east &E@teﬂﬁal b4dEbeE@pliddab tHerickirodeh 61 Bk eatsrb@@h@mbeladfdﬁ@rém
and the neter can be configured tQ neasure a tenperature of §Epﬁwe

sanpl e, or aW@}aﬂléPF:\}%‘[hgrd‘%E ¥ W% PERQY Epe PREWER S AhS m?%i’é‘i“

the meter or REAN éaatdepsng oha%uﬁibacafmmﬂra@@ks ﬁﬁﬂﬁﬁﬂg Bt wacdrednligididge
meter. 150ne exenpl ary enbodi nment

a or neasurjn
anti gerd i n aeWEd&@élﬁﬁeé r??éﬂoq ?féhWPBrVHW’H’EhﬁQelhﬂllloﬁ?rﬁ‘ﬁB%‘gﬁ%Fhe

havi ng two eh@%ﬁxfu@@'@ﬁh@ﬂ&ezﬁlaﬁ%% sS8AREE LR fal DediiBBxRI861 $IRCBAIECRIM or
cell so that the neter applies adpotentlal bet ween_ the two el ectrodes

of the i nmun®&ewsBuction %{%@d apn phrsermele i sostatielly ditfusion comipptisd-

bl ood sanpl e i nclygding cﬁﬂ]elﬁé}tthQ@e'ﬂ Yy a9 of BillAFHNRS EATBArol AR kit BRGis@ito
el ectric potential between the two el ectrodes, 20calculating a fil

tinme of the Bitgadnesliiplive oﬁﬁha saaRle P HIERE G5llc ShensrantbeisAt (F cqnyal unit can

antigepy i n VieWaof cheRfit fidk 'det%étgieconﬁr%\ﬁed ﬁ%ﬂﬂﬁﬁ@é@l%m‘éﬁtrhsfalﬁ!iﬁch@ﬂ of time to
i nclude a reaction chanbe ection chanmber forned

separat or di 8giorsees w\%teflﬂson pruresroadiap dxthe GH digne of thejspmplgh éﬁr{féft og of the

| east parti aL(JnY of Inglnﬁlg ele@tr&é?l@mﬁﬁp&[] alQltheARbeQ8 b0 I:oﬁfﬂ%ﬁreﬁ‘f@measure a
el ectrodes, and a vent at |east partially formed in the separator and

the two el ecterrmqr@@re afihe $aniple, @h@lm@tw@mtemelztsgmﬁb@mablam@tram@ A er t
fromthe det gekl hGHAIRGY aRUcAARANEl AR Alach&ASthenR@l 11 0N OF t he

reaction cha vent can be space stance apart fromthe
reactin c hanber Queckxemplaryaniodpnent of samethodfopmetsuong of antigen wWatbderdisanple

chamber. The ant %&é&ldiﬁ%?}bghﬂ%s&@m&m o Qgctr%dé aqﬁta' e‘%er%%&%?ﬂe@’g) the

The nethod c&h neasurlng tenperature o t he
sanple. As aeie@muhenmca celbsctbat thaunkionappfiest dywteatislibgorees the tye elsatrales efiths

in viewof fil lu&osggor 3[91 meth%t ?.\:Cl)gxrtli}glr 1n§§cﬁsi}ilt%dﬁgmga%lo%ggarﬁégmcﬁld&g@ﬂ

further inclUde providi'ng an an y-énzyne con
buf fer and nmagiget int the avkgubdsabsed apgyian aladbatgcepptmmabbetweenghe-t“@ezba@m@ﬂes

R T N
seal can be pnb@\blfdﬁdill(m&df ‘Ehefimhgihoshge caf futthe nwhmlb atrmnorf dramberandal |
of the fill gef%&%tgg chamqa ﬁ)ﬁ%gg %nadsega?a or cﬁspose%%e dween Ith%%\qxfooi{actrfod%s, a fill
chamber at least partially formed in the separator and one of the two electrodes, and a vent
at least partially formed in the separator and the two electrodes. The fill chamber can be
25 spaced a distance apart from the detection chamber and can overlap at least a portion of the
reaction chamber. The vent can be spaced a distance apart from the reaction chamber and
can overlap at least a portion of the detection chamber. The antigen of the blood sample can
be C-reactive protein. The method can further include measuring a temperature of the blood
sample. As aresult, a concentration of the antigen can be calculated in view of fill time.
30 The method for measuring a blood sample can further include providing an

antibody-enzyme conjugate in a first buffer and magnetic beads linked to an antigen in a



5 second side of the vent. At |east a portion of the blood sanple
that is introduced into the i nmunosensor noves fromthe fill chanber
to the reaction chanber when it is introduced into the i munosensor.
The nethod can further include opening the vent after a
pre-determned tinme by piercing at | east one of the seals. Piercing
at | east one of the seals allows portions of the 10bl ood sanple
contai ning the anti body-enzyne conjugate that are not bound to the
magneti c beads to nove to the detection_ghanber. Still further, the
met hod can include catal yzing oxidation of the glucose in the

detecti on chaphRrbuffehihGh: ©adioh eBdMter. | Feriidyenitiq rg[tﬁbie@ﬁldchfmécﬁdtﬁﬁﬁﬁﬂﬂhtée
A current can_be electrochemcally detected fromthe ferrocyan

and a concentibaan §a PevideRdn ha dpigien F]i‘\a“l‘l?‘?é 2 P58 4°8 SARNCOTEA dt?éf LR P

cal cul at ed i grd @i @bt fohfs éwﬂnaéthétém aiaﬁﬁkﬁzd}d a%&o%& sedE bl Pld i dver a
DRAW NGS This invention wll fully understood fromthe

fol | owiSng deteasmdaifiepbheriept |Aér¥ea§faﬁ<néﬁﬁan?f %rhlqpﬁéﬁﬂpah thigt $spnipqslyced into the

acconpanyi ngingdhakdAest mdves WBnGRS fIl2eHahiBer 18 el rbabgibl SteBibePwhdnaws Ghakbceaf
an exenplary nethod of a nmethod of determ ning the concentration of

an anal yte i oA BHPINSFoaccor dance with the present invention;

FIG 2A illustratgg nausldden al:evahtiat Gehe 'v@nt%ﬁ@z\/‘dﬁﬁle d(et@ﬁﬁm&c&nﬁ@@g} e)
of an exenpl ary enbodi ment of an el ectrochenical cell in accorda ce

with the prepeningiehlgesiohoef theseds. Pirdging a&éﬁaﬁt&p@gf the pralsrpllgveppripns
above, of t hgsm&inﬁfn:pfe%ﬁﬁmnﬁ‘gaﬂme e@lbbdREnzhnGcoghateRitlafd nod bblddus iedta@Retid

schenatlc dr not to scale), in cross-section, of an exenplary
enbodi ment  ofeads hatdvolp iedeteetivaishambenl Swbfurtherths srsdiod ape Bt saialye

present invention: of the gluchdeh tif d@te&tldn%ﬁ&ﬁ@ctr E5hiéh REHSRRGE hY GordlagM &f
an assenbled test In agcor dance wth Eﬁresent i nvention; 30FIG 4B

i1l ustrates &moerpidodédupertspebs ¢1w§rovhe@w y detacterhfiem dhpPEeryerige, agg %l p
i n accor danc(?on}%n&#am%m& (REAREBY il VA6 Bftpte can be calduhdiia it Gidw bl &

an expanded perspective vie pr oxi portion of the test s |p
i n accuor danc@etewte(ﬁh the present i nvent| on;

BRIEF DESCRIPTION OF DRAWINGS
This invention will be more fully understood from the following detailed description
taken in conjunction with the accompanying drawings, in which:
20 FIG. 1 illustrates a flow chart of an exemplary method of a method of determining
the concentration of an analyte in a sample in accordance with the present invention;
FIG. 2A illustrates a side elevation schematic drawing (not to scale) of an exemplary
embodiment of an electrochemical cell in accordance with the present invention;
FIG. 2B illustrates a plan view, from above, of the electrochemical cell of FIG. 2A;
25 FIG. 3 illustrates a schematic drawing (not to scale), in cross-section, of an
exemplary embodiment of a hollow electrochemical cell in accordance with the present
invention;
FIG. 4 A illustrates a perspective view of an assembled test in accordance with the
present invention;
30 FIG. 4B illustrates an exploded perspective view of an unassembled test strip in

accordance with the present invention;



FIG S5A illustrates a bottom plan view of one enbodi nent of a test
strip disclosed 5herein; FIG 5B illustrates a side plan view of the
test strip of FIG 5A;, FIG 5Cillustrates a top plan view of the
test strip of FIG 5B; FIG 5D is a partial side view of a proximal
portion of the test strip of FIG 5C, FIG 6 illustrates an expl oded
vi ew of an exenplary enbodi nent of an 10 i rmunosensor in accordance
with the present invention, wherein the i munosensor is configured
for use with a control unit having an elgecirochem cal detection

system for calculating a fill tine; FIG 7 illustrates a
pl ot of a currentpigess HfstraBPant dkpaRibEMrspR@ive AgRBEE aisib:DBaBibriednesTileassy
enbodi nent of an el ectrochem cal cell in conjunction with an

exenpl ary 15%%@&0%%“0?@?1‘311@@@?%‘?@‘1%Veé}ﬁ?flaety of bl ood sanpl es

provided herein; FIG SA 11Hs§ate§abdﬂoH§§l£@&1&§ oforRleftbofitnedt GilartEe Bikip MREISIS
time transient perfornmed using another exenplary enbodi nent of an

el ect rdchenik@$incel | in conjunction with an exenpl ary enbodi ment for

testing a vari et Wléfsﬂ?hﬁfagatésam&@ﬁm%wwﬁ@te@% BEFIG. 5A; FIG 9
illustrates a plot of the results of testing a variety of bl ood

sanpl es using a Z0Ga?¢ dbiswatpratienple viewal thedeH sir2EEH dxg to an
exenpl ary enbodi rigat S@Ftda}?anflél)éﬁg vieWB8 2 FRIR portion ofthEltﬁt st of FIG. 5C;

illustrates a plot of time versus haematocrit |evel for a
variety of bl ood B&npilbstaesap eielgdereriey pf an exemplary embodinmnipf apg

I Tustyates lﬁl%geng&l fng&%rd@iﬁ ) Eféséﬁmng&tfoﬁewﬁfﬁﬁh B EBfun8RRok BS 2

plurality 25 t est votages prescribed tine intervals:
FIG 12 il usinfigured fog upd with @fcontWéumblsamgsm@*eeﬁr@é@mwgl dgteghier etgmder

bl ood sanpl e‘?%é%atnngretfdﬁ%é ecting for fill tinme; FIG 13A

illustrates ata’as FIG 12 plotted against the hematocrit
of the sanples; 306l GliBBated 4 pist afatconerd verbwttingf ransientdt farmsdowing an

,'[:lhg S ; r2rp|C gr ' fe:'\x%;n% )I E:mbocful'lént oi’ ge el@é&clpelnﬁéatl & ﬁgglllj{}l%«ttloﬁ Wetnaf gﬁ;ﬂ%"{rs’t of

15 embodiment for testing a variety of blood samples provided herein;

FIG. 8 illustrates a plot of a current versus time transient performed using another
exemplary embodiment of an electrochemical cell in conjunction with an exemplary
embodiment for testing a variety of blood samples provided herein;

FIG. 9 illustrates a plot of the results of testing a variety of blood samples using a

20 variable prepulse time method according to an exemplary embodiment and a fixed time
method;

FIG. 10 illustrates a plot of fill time versus haematoctit level for a variety of blood
samples provided herein;

FIG. 11 illustrates a test voltage waveform in which the test meter applies a plurality

25 of test voltages for prescribed time intervals;

FIG. 12 illustrates a plot of the results of testing a variety of blood samples without
correcting for fill time;

FIG. 13A illustrates the same data as FIG. 12 plotted against the hematocrit of the
samples;

30 FIG 13B illustrates a plot of the data shown in FIG. 12 corrected for fill time and

plotted against the hematocrit of the sample;



- 12 - FIG 14 illustrates a plot of the results of testing a
variety of blood sanples in a clinical setting; FIG 15 illustrates a
pl ot of current versus tine transients obtained when blood with
S5hematocrits in the range of 15%to 72% was | oaded i nto anot her

exenpl ary enbodi nrent of an el ectrochem cal sensor in conjunction with
an exenpl ary enbodi nent for testing a variety of sanples provided
herein. FIG 16 illustrates an alternate plot of the data shown in
FI G 15. 10DETAI LED DESCRI PTI ON The .foll owi ng detail ed
description should be read with reference to the draw ngs, in which
li ke el ements i npgifilianedttated b Wt BGe Aktsiof @BfingCaldrigtyrudmied enpldsia a
drawi ngs, which are not necessarily to scale, depict selected

enbodi ment s AABEFEENEOt i ntended to linit the scope of the invention.
The detail ed desgid;pisiiQfktialek U plot 8f @SrePWeay il rEiea Btaik@twhl bloey with
150f limtation, the principles of the invention. As used herein, th?
terns 5abouﬂﬁﬂwﬁmﬂﬁﬁbﬁﬁiﬁﬁﬁpély%tQEyéaﬁVDﬁEﬁéﬁPéﬁﬁhqﬁr mgpmggﬂgggo
indicate a syidabb@efiddPaaiRnbodBksrAnatardt dahpRly @V ikt Ratdstiga
col l ection of conponents tao function for its intended purpose as
descri bed heyagpiy of sammiesgireyids heggdn used herein, the terms "patient, "
"host," "user," aqd. {cSHBIRES tn bRk 16t e AWERBWRM B 1Rl 20subj ect
and are not intended to limt the systenms or nethods to hunman use,

al t hough use of the subject invention in a hunman patient represents a

preferped engegi PESCRIPTIORr t ai n exenpl ary enbodi ments will now be
described to provide an overall understandi ng of the principles of

the structure, f Uiefdlomingdatailed desgriptionaherld beread witheeferanicde e gFrings, in
met hods di S G RSPl d il in Mifer i oW 8% AT €y Huro B3 CriRIRAA ZERRASh
are 25illustrated I n the acconpanying draw ngs. Those skilled Tn the
art wl | undee setanckssahisit totshale,dlepicicselsclah embasimhentsansmeendt inigfideq to limit the
descri bed herein L Lustwated: i : gﬁ@g hGhy & BWMNTHS néYr
non-limti ngSCS eeorrfg‘lrlk g?i’/é“gﬁ%ofd’? rggﬁ%lésdhgﬁgﬁpﬁ]ggﬁt e &opg of the ’Sr ebge“ﬁa

i nventlison i sofdifiiafied tegiraicipldypfl thednvehiginns. The features illustrated

corbi ned i th  heTaRt el dh R afo R BRpRRYpRRS HRTER Re Soues
and vari at i olsgeatielidatetsemuitatde timdneionah tllearaied tha allvives theparige spléectidn ethe
present | nvecpotn;p%rrl]énts to function for its intended purpose as described herein. In addition, as used
herein, the termas “patient,” “host,” “user,” and “subject” refer to any human or animal
20 subject and are not intended to limit the systems or methods to human use, although use of
the subject invention in a human patient represents a preferred embodiment.

Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the
devices and methods disclosed herein. One or more examples of these embodiments are

25 illustrated in the accompanying drawings. Those skilled in the art will understand that the
devices and methods specifically described herein and illustrated in the accompanying
drawings are non-limiting exemplary embodiments and that the scope of the present
invention is defined solely by the claims. The features illustrated or described in connection
with one exemplary embodiment may be combined with the features of other embodiments.

30 Such modifications and variations are intended to be included within the scope of the

present invention.



- 13 - The presently disclosed systens and nmet hods are suitable
for use in the determnation of a wwde variety of analytes in a w de

variety of sanples, and are particularly suited for use in the

determ nation of analytes in whole blood, plasma, serum interstitial
5fluid, or derivatives thereof In an exenplary enbodi nent, a gl ucose

test system based on a thin-layer cell design with opposing

el ectrodes and tri-pul se el ectrochem cal detection that is fast

(e.g., about 5 second or |ess analysis tijge), requires a snall sanple
(e.g., about 0.4 111, or less), and can provide inproved reliability

and accuracy of btk@%sgﬁtmﬁ%sa@@%ﬁ@mﬂﬁgmodsmré feapiedstkon kel | to
assay anal yte, glucose_ in_ the sangle can be oxidized 10to
§

gl uconol act ofderinatign gf w&s@éfwa@ﬁ FIglyEs s Widsrausty ef wawlscidfreosrticylarly

active medi at@lked ERMsdB thS@Frinthas bt nelyRE 8CVEQNBlobd, PRkhh Qe RRZ Hidstiial a
pal | adi um wor ki ng el ectrode. Myre particularly, a reagent | ayer

coating at | Budtorgaavasives thereed de pp REIAF Yot TSIy g based on

i ncl ude gl ucaspidehyd nQgaNRREL) @E?h% eibaﬁ)asls 20 tRYHEOL S AhitA et@dtion aRe
(PQQ co-factor and ferricy anlg n_anot her enbodi nment, the enzyne

GDH based onistif (cRGbEE¥ s&eqnslror lospranplysis imspirequaes wWimdll pHeledpsy ﬁ@u@aﬁ
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T.1 D-Glucose + GDH(ox) =2 Glucenic acid + GDH(red)

A potentiostat can be utilized to apply a tri-pulse potential waveform to the working
and counter electrodes, resulting in test current transients used to calculate the glucose
25 concentration. Further, additional information gained from the test current transients may
be used to discriminate between sample matrices and correct for variability in blood
samples due to hematocrit, temperature variation, electrochemically active components, and
identify possible system errors.
The subject methods can be used, in principle, with any type of electrochemical cell
30 having spaced apart first and second electrodes and a reagent layer. For example, an

electrochemical cell can be in the form of a test strip. In one aspect, the test strip may



i ncl ude two opposing el ectrodes separated by a thin spacer for
defining a sanpl e-receiving chanber or zone in which a reagent |ayer
is located. Applicants note that other types of test strips,

i ncluding, for exanple, test strips with co-planar el ectrodes nay

al so be used with the 5nmet hods descri bed herein. The met hods for
determ ning a concentration of an analyte in a sanple disclosed
herein can be used with any sanpl e anal yzi ng devi ce and/ or system
The devices typically include at |east ope working el ectrode and one
counter el ectrode between which an electric potential can be appli ed.
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Such components can also be capable of calculating a concentration of an analyte in the
25 sample in view of the fill time. Such components are generally referred to herein as control
units. Further, the terms analyte, antigen, and antibodies are used interchangeably within,
and thus, use of one term is equally applicable to all three terms, unless otherwise indicated
or reasonably known by one skilled in the art.
In one exemplary embodiment of a method for determining a concentration of an
30 analyte in a sample, a sample is introduced into an electrochemical cell of a sample

analyzing device that has a working electrode and a counter electrode. An electric potential



5and an electric potential can be applied between the working

el ectrode and the counter electrode for a length of tinme equal to the
prepul se tinme. A concentration of the analyte in the sanple can then
be determ ned. By calculating the prepulse tine in view of the fil
time, nore accurate results can be achieved for anal yte
concentration. For exanple, errors, such as those that can result
fromvarying haematocrit | evels across sanples, can be accounted
10for, thereby leading to nore accurate_ggterm nations of the
concentrations of the analytes in the sanples. Methods can al so
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haematocrit based on the disclosed teachings can allow determinations to be made quickly
25 and accurately, often in less than a second. For example, haematocrit levels of a drop of
blood can be determined in less than a second merely by dropping the blood onto a sensor
strip of a sample analyzing device. Once the blood is disposed on the strip, a digital readout
of the haematocrit level can be provided almost instantaneously.
A fill time can be used in a variety of ways to improve a determination of a
30 concentration of an analyte. For example, the fill time of the sample can be used to

calculate a prepulse time. By adjusting the prepulse time in view of the fill time, longer



sone enbodi nents, the haematocrit |evel can be linked to the fil

tinme, e.g., an estimate of the haematocrit |evel can be determned in
view of the fill time. In such an instance, the haematocrit |evels
can be accounted for in the determ nation of the analyte
concentration in order to provide nore accurate anal yte concentration
determ nations. 10l n one exenplary enbodi nent, the steps illustrated
in FIG 1 can be used to determ ne the concentration of an analyte in
a sanple. As shown, a sanple is first injgoduced into the device. Any
type of sanple anal yzing devices can be used in conjunction with at
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the figsSt  yser visually observes the filling of the sample reaction chamber and initiates the test by
pressing a button. In another embodiment, an optical detector in the meter can sense the
dosing of the sample. The time taken by the sample to fill the reaction chamber can
likewise be measured by any number of similar techniques. In one embodiment, the
electrodes can be configured such that when a sample is introduced into the sensor, the
30 second electrode is contacted prior to or simultaneous with the first electrode as the sample

fills the sensor. However, as the sample fills the sensor, the first electrode is limiting in the



10 el ectrode. In sonme enbodi ments, the current versus tinme response
can be a discontinuity in the rate of change of current with tine,
such as an increased drop in current or a decreased rate of increase.
One exanpl e of the above nethods is disclosed in U S. Patent
Application Serial No. 12/885,830 of Kranendonk et al., entitled
"Appar atus and Method for |nproved Measurenments of a Monitoriing
Device," and filed on Septenber 20, 2010, the contents of 15which is
hereby incorporated by reference in its_epntirety. In one

enbodi ment of the methods disclosed herein, a potential of between
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30 to determine the time at which the sample has filled the cell.



20appl ying a generally constant current between the two el ectrodes,
and neasuring a change in an electric potential that is greater than
or less than a predeterm ned threshold. For exanple, the
predeterm ned threshold value can be in the range of about 200 mV. In
ot her exenpl ary enbodi nent, the threshold val ue can be about 400 nV.
After the sanple has filled the cell, a first electric potential,
having a first polarity, 25can be applied between a first and second
el ectrode and a resulting current neasucted as a function of tine.
This first electric potential can be referred to, for exanple, as a

prepul se. In Sonﬂngﬁﬁ@ghmﬁmhénsHﬁ%wb%ﬂg&amﬁmnghﬁﬁntmapnaepmﬁpuh&e can
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time that 30a prepul se can be applied. This tlrre
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cal cul ation Qf.RneRMcEEs Mdrﬂenﬁ@enﬁlaé%E%ohmge&reeé@@bﬁssﬁd the19 -
times for sanples that take longer to fill the sensor

embodi ment, PrRdcigmEsd hsasholdlie 37 rondharange RRAVAG: 4t‘%‘°1iaﬁlaefr‘f%?‘f366\’5?°ﬁba 40
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FT -3 es
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boundari es on t test tinme a maxi mum prepul se tinme can be set
if the fill @urxmtasgﬂlmﬁlgepftllhan a predetermned length of time. For

exanpl e, in one elmgrgeigﬁgédlmbx'&tsétd@@ct rl&ltile ﬁréﬁﬁce' ag&ﬁﬁg €in ﬁlaﬁ&b ﬁﬂ?f%ﬂg an

500 ns, e.g., about se tine can
15equals t 0 586@riepoteralisstwéan th¢11ms> eéac@nqlﬁs,aangi rr@amas m@hange ﬂfh‘émﬁiltrﬁah*ﬁfrﬁhat

PPT (1 0r {11 L1125 oh 655t HAD ARONLTERY ilbholoaBROQ aflBusdliclehfined

maxi num PPT ts tImes gr an a g., about
515 ms) is athosholdO@0essn bt nmplota@? Ibnmmwmwvhex the h@aeﬁmemoémgﬂecepde is
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properties af S rcu sarrp e or analyte For
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in an electric potential that is greater than or less than a predetermined threshold. For
example, the predetermined threshold value can be in the range of about 200 mV. In other
exemplary embodiment, the threshold value can be about 400 mV.
After the sample has filled the cell, a first electric potential, having a first polarity,
25 can be applied between a first and second electrode and a resulting current measured as a
function of time. This first electric potential can be referred to, for example, as a prepulse.
In some embodiments, the length of time that a prepulse can be applied can be about 5
seconds. In other embodiments, the fill time (FT) of the sample, which can be determined
using any of the techniques discussed above, can be used to calculate the length of time that
30 a prepulse can be applied. This time period can be referred to, for example, as a prepulse

time (PPT). For example, the calculation of prepulse time can allow for longer prepulse



maxi mum and m ni mum prepul se times, or conbi nations thereof.

Once the prepul se tine has been determ ned, a potential can be
appl i ed between the electrodes of the cell for a tinme equal to the
prepul se tinme (PPT) and a resulting current nmeasured as a function of
time. At least a portion of the data (current as a function of tine)
25provides a first time-current transient. The first electrical
potential can be sufficiently negative with respect to the second

el ectrode such that second el ectrode fungtions as the working

el ectrode in which a limting oxidation current is measured. After

the first tigfResiHiam Eﬁals {eake ARSIl The$0GON dn Bhe&hbidem R tprepllsetiar
be applied between the first and second el ectrodes for a second tine

interval . ThanbessaerostiagiorthelloyBesrimplay paguesrs, Foprrmple, (R grerpls
30neasur ed agcdMRchi@Re@bs:ti me to produce a second tine-current
transient. In one enbodinent, the second potential has a second

pol arithy, which is opposite to the first - 20 - pol arity. For
exanpl e, the secqpg ngjgg@(g@, e dagxouf ficiently positive with
respect to second el ectrode such that first electrode functions as
the working electrode in which a limting oxidation current is
measured. In one P%%ExF}B&%E Mft%{m%hm%}% for kiN@infes 1634 tHah 860 b, Qhéﬂ@ﬁﬁat;anade

and second el ectric Tgotentl al can range fromabout -0.6 V1to ﬂo
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electric potential. The,del.a
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nost Ipr ef er aii)baé'tuftﬂﬂrimbl@ Wt arfhife.t Porakouile, @hegvasabicmtllld constants ifl _Itlw eqyasion
exenpl ary enhodi st otentla a apnl.i

oatoed ¥ ne" rsepatrde’ sipldion bf Bp Pt sl b Minfie oS GRBlE Sremays, -
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Af t the first test t |t
el agg ed, ea Igéi o) nﬁlfscgélgeoggq%aqnéq ha%?e%tegg%s%apo@a% 8%‘}/@ ealt(,:]i)(})a[] ?_'dsljetween the

el ectrodes f SEctRdSETAINCAIEsE a m& ediiai @lthd prepailse tiher(YRT) a6 a2 resulling cuBH0
mv for 1000 ns. During Tl an t.he cell ‘#I\[»‘ %tt {is a funf%t%no?{lme)
time can be meaY(rA&s2 THeHen tB’é‘T | Atdeast ¢ PorEonfihetae CPIHL APRRY

or a
currengs trangi,eQts Andt i@t enikafl rhiiaas THR(rst eleduichlp@tchtisletn beaﬁifﬁcmntly

potential time interval Ti, and as 4( 1) 25 urhl{}sg (@H ' ec%ntg he
potential ti AsaiivR witksgspepbio thessecend glgsirade suphthal fFeqngelegiro }Eﬁt}(?’f'si B
working electrode in which a limiting oxidation current is measured. After the first t1me
interval has elapsed, a second electric potential can be applied between the first and second
electrodes for a second time interval. The second electrical potential causes a current that is
30 measured as a function of time to produce a second time-current transient. In one

embodiment, the second potential has a second polarity, which is opposite to the first



time can be neasured every 10 ns with the average current stored
every 50 ns. At |east a portion of the data fromthe first and second
potentials (current as a function of time) can provide first and
second time-current transients. The concentration of an analyte in
the sanple can then be determned fromthe current data using any
nunber of al gorithnms. 30Exanpl es of algorithns for determ ning
anal yte concentration can be found at least in U S. Patent
Appl ication Serial No. 11/278,341 of Chajelier et al., entitled

Met hods And -21- Apparatus For Analyzing A Sanple In The Presence

Interfer ﬁ:ﬁﬁa?lt 180 Bl 1€ heQRcd¥R peTRnidal candQGficidngly pﬁnmxenmm Iefpewm ch
|s hereby incorporated by reference jn its entiret p ne .e %rrRI ary
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calibrating gdffuRctlonlo®tidle®an be measured, herein called a time current transient or a current
transient and referred to as i,(¢), during first test potential time interval T1, and as ip(f)

25 during the second test potential time interval T,. For example, the current as a function of
time can be measured every 10 ms with the average current stored every 50 ms. At leasta
portion of the data from the first and second potentials (current as a function of time) can
provide first and second time-current transients. The concentration of an analyte in the
sample can then be determined from the current data using any number of algorithms.

30 Examples of algorithms for determining analyte concentration can be found at least

in U.S. Patent Application Serial No. 11/278,341 of Chatelier et al., entitled “Methods And



- 22 - described in U S. Patent No. 6,780,645 which is hereby
incorporated by reference inits entirety. In one exenplary

enbodi nent, p can be 0.51, a can be 0.2, and zgr can be 5. Wile 5the
met hod di scl osed herein is described with the use of calibration
factors, p, a, and zgr, one skilled in the art will appreciate that
their use is not required. For exanple, in one enbodi nent, glucose
concentration could be calculated wthout p, a, ancUor Z (in Eq. 1 p
and/ or a could be set equal to one and zgf_could be set equal to
zero). A derivation of Eq. 1 can be found in a pending U.S.

Application Ne atihé M%m ShinMa s Thel FR6ked GHaRtABREE,» 10BHled 90farch

and entltled paratus for Rapid El ect r ocheni cal

Anal ysis," wAf 89‘)@ §hf’rfé’P@B§5 Of WIS poIeEbE dnesiporaaddy arirsneainiits nigRy; freang.

Qurrent val uexezﬂpleﬁﬁanb&nﬁa{tcmb Bkt aarmomltbeanaiﬁ%@asln HFEBBtatibA-B0S b&hd:-
and current value | can be calculated fromthe first current

transi eht. AFPTEEiSH plgRtithyy) straider (e thgse disclgsgd méb?cﬂf‘i’l?‘}‘e@toéﬁ%ﬁﬁt?fﬁ ajgpdicatipn. In

and in subseguedtboaghiat Iaﬁ@ﬁmﬁaeoﬂé@ﬁrafnb@c&tb%%waﬁteaﬁélﬁgﬂﬁfalgbh@]m as shown
current. 15Current values in it, can be, in some enbodi nents, an

integral of &UfuatitnEades over a tlne interval of a current
transient, a sunmmation of cunreni val ues over a tinme interval of a
current tran5|entqur an gye Agf si_pgl e current value of a current
transient nultiplied by ati & vaF Jof the current transient. For
the summation of current values a range of consecutive current
measur enment can be sunmed together fromonly two current val ues or

20to ajd of the cumBgentc ié&hélﬁﬁlyt%éc@lﬂﬁudha{hé%ﬂn@u, ARNDS afehibilt Fh1 A8
di scussed bel ow. Faor exanp where the first tine interval is

5 seconds | oHi rip Pragy: qﬁéatﬂff‘eﬂlﬂ%?ﬂ%lgjéere‘{fﬂ%lrhratmmﬂan@ to 4 seconds

of a 5 second | ong oH@E::hQ&’duﬁ&Q olfﬁle@i%éntl?cﬁl , b By BBE 898 BHEIENMo afn&ﬁﬁ‘ £hd4
to 5 seconds of as second | ong gerlo as shown in Eg. 2a and 3a,

bel ow. - 23preferably from gbe §tltie poay Ambhecalipstioreiasties Fary bsusehio@pspant fpis

5 seconds | opgsibik vABMidAE 1ﬁ @@dﬁﬁéﬁh@ﬁs df ‘ﬂ{er e@é&%@cﬁeﬁﬂ}ﬁl &9 VePaffors GE@PAS Of
a 5 second | ong period and may be the sumof currents from4.25 to

5 secohds of digessiauscd e ql%ﬁgcfﬁémab@zllcam%ﬁmﬁromﬂeeﬂi shif im g n@ignitude of the

bel ow. 5 $  jeasured current. Under certain circumstances, manufacturing processes can cause the

electrode area to vary from one lot of test strips to another lot of test strips. Calculating a
calibration factor a for each lot of test strips helps to compensate for variations in electrode
area and the height of the cell. The term a can be calculated during the calibration process
20 of a test strip lot.
A calibration factor zgr is used to account for variations in the background. A
presence of an oxidizable species within the reagent layer of the cell before the addition of a
sample may contribute to a background signal. For example, if the reagent layer were to
contain a small amount of ferrocyanide {e.g., reduced mediator) before the sample was
25 added to the test strip, then there would be an increase in the measured test current which
would not be ascribed to the analyte concentration. Because this would cause a constant
bias in the overall measured test current for a particular lot of test strips, this bias can be
corrected for using the calibration factor Z. Similar to the terms p and a, Z can also be

calculated during the calibration process. Exemplary methods for calibrating strip lots are



ir=E i(t) Eq. 2bt=4.25 4 =E 1(0 Eq. 3b A magni t ude of
current for the first current transient can be described as a
function 10of time by Eq. 4. The termi"” is the steady-state
current follow ng the application of first test potential El, Dis
the diffusion coefficient of the nmediator, L is the thickness of the
spacer. It should 15 be noted that in Eq. 4, t refers to the tine

el apsed after first test potential El was applied. A magnitude of
current for the second current transient,,can be described as a
function of tinme by Eq. 5. 4- yr2 n2 DO"E ( 1+4exp )n=1 20There is

a factor of aie%ﬁe)ibgci anl?geﬁqgﬁt fx]%!’ 6,‘7@?64@)&’9%293&@& ih&JrparhtBd Eﬂref&en@@ in its

conmpared to 1e exponential termin Eq. because the second current
transi ent i sngeherated fromthe second test potential E2, which was

D ety o b U263y B35 nens

that id Eq. theihethed disgoted hednim it doseritstapithalbl v véralibetion fcioss p, and zgr,

oL 2R £ A0SR LT b . el
embodiment, glucose concentration could be calculated without p, a, and/or Z (inEq. 1 p
and/or a could be set equal to one and zgr could be set equal to zero). A derivation of Eq. 1
can be found in a pending U.S. Application No. 11/240,797 which was filed on September

10 30, 2005 and entitled “Method and Apparatus for Rapid Electrochemical Analysis,” which

is hereby incorporated by reference in its entirety.

Current value i, can be calculated from the second current transient and current
value i; can be calculated from the first current transient. All current values (e.g. iy, 1, and
i) stated in Bq. 1 and in subsequent equations can use the absolute value of the current.

15 Current values i,, i;, can be, in some embodiments, an integral of current values over a time
interval of a current transient, a summation of current values over a time interval of a
current transient, or an average or single current value of a current transient multiplied by a
time interval of the current transient. For the summation of current values, a range of
consecutive current measurement can be summed together from only two current values or
20 to all of the current values. Current value i; can be calculated as discussed below.

For example, where the first time interval is 5 seconds long, #; may be the average
current from 1.4 to 4 seconds of a 5 second long period and i, may be the average current
from 4.4 to 5 seconds of a 5 second long period, as shown in Eq. 2a and 3a, below.

Eq.2a 2

i, = 7 i)

LR X

25 Eq.3a 4
?s=‘§:i@)

14



peak current for second test potential tinme interval T2 can be
denoted as ipb. If both first - 24 - peak current ipa and second
peak current ipb were neasured at the same short time after the
application of first test potential El and second test potential E2
respectively, for exanple 0.1 seconds, Eq. 4 can be subtracted from
Eq. 5 to yield Eq. 6. 5 Eq. 6ipb - 2iPa = Because it has been
determ ned that 'pa is controlled nmainly by interferents, ipb can be
used with ipa together to deternmne a cojyrection factor. For exanple,
as shown bel ow i pb 10can be used with ipa in a mathematical function
to determne a cofLaGHEH ML Shbrofl 5 ihisnBl 9B h@NBhe | fhag biifiesan and
ess sensitive to 1nter q derived to calcul ate
? current 14umbitefroms. Piodkrseandonéa 5 segong) Gléﬁ)%eéloéﬁ%d gy ke phe|syijof grrrents
racti on of e I Eq. 7
o phas. ot BE o SRR Bk LR RO e B e ot ind.
denom Aator to allow the nunerator to approach zero when no gl ucose

is present. The termi"™ may be estlnated usi ng Equation 8A, for
currents at times greater than a. 1gun1t|ne where a suitable
20m ni num ti me CQQ Q; estimated f quat i on 8B.

Q:iZiﬁ)

Eq. 3b =39

A magnitude of current for the first current transient can be described as a function

10 of time by Eq. 4.

iL,{)=i, {1+22 cxp[wi;rl—mJ}

Eq. 4

The term i, is the steady-state current following the application of first test potential
E,, D is the diffusion coefficient of the mediator, L is the thickness of the spacer. It should
15 be noted that in Eq. 4, ¢ refers to the time elapsed after first test potential E, was applied. A
magnitude of current for the second current transient can be described as a function of time
by Eq. 5.

Eq.5 (£ =1, {1 + 42 exp[-——%L—n—sz}

n=1

20 There is a factor of two difference for the exponential term in Eq. 5 as compared to
the exponential term in Eq. 4 because the second current transient is generated from the
second test potential E,, which was opposite in polarity to the first test potential E;, and was
applied immediately after the first test potential E;. It should be noted that in Eq. 5, ¢ refers
to the time elapsed after second test potential E; was applied.

25 A peak current for first test potential time interval Ty can be denoted as ip,and a

peak current for second test potential time interval T, can be denoted as ips. If both first



25in which, in is the steady-state current follow ng application of
the second electric potential; i is the measured current which is a
function of tinme; Dis the diffusion coefficient of the redox-active
nol ecul e, where this coefficient may be determined fromPick's first
- 25 - law, i.e. J(x,t)=-D dC(x,t)/dx; L is the spacer thickness; and
t isthe tinme for the application of the second electric potenti al

where t=0 for the beginning of the second time interval. In one
exenpl ary embodi nent, the current val ue, 42, can be cal cul ated
according to 5Eq. 9. Thus, Eg. 1 can enable accurate

measur enent ?) %g%i"%ﬁ‘! d%/ L5d SQBES LK bR rfl,}, Rerk RRaR 852 AERa@E short tlme after the

interferent “scussed above, estimate of a | evel of
haemat ocri t Etpahpab@n offivairtpdt petgntigl Enadiseqoat tsstpteatipl E2apspecsively; igt gxgmple 0.1

anal yt e concepl bael iRl AR lS BASTRIRRILA ol evel s of a drop of

bl ood can be fromcurrent values and an anal yte
concenbration. In one exenplary enbodi nents, an estimte of the
haemat ocrit (H) ¢an be deri fLon1Eq 10. 15Eq. 10H = -162.5

log(ir) + 119.1 I8g?(3 + 2 5 ‘ * I'n some enbodi nents, the val ue

of the analyte concentration (G can be corrected in ViEM/Of t he

haematocrit |evel, e.g. u5|n% 11A and 11B.
Because it has been determined that Ipg 1S controlled mainly by interferents, iy can

be used with i, together to determine a correction factor. For example, as shown below i
10 can be used with i, in a mathematical function to determine a corrected current which is
proportional to glucose and less sensitive to interferents.
Eq. 7 was derived to calculate a current /4 which is proportional to glucose and has a

relative fraction of current removed that is ascribed to interferents.

. . {ipb mzipa +iss}
H= Ir P4
15 Eq.7 Fb s

The term i, was added to both the numerator and denominator to allow the
numerator to approach zero when no glucose is present. The term i;; may be estimated

using Equation 84, for currents at times greater than a minimum time, where a suitable

20 minimum time can be estimated from Equation 8B.
, . —4x*Dt
Eq. 8A i(ty=1i,1+4exp 7
2
Eq. 8B (= L ln2 0.01
1272°D
25 in which, i is the steady-state current following application of the second electric

potential;  is the measured current which is a function of time; D is the diffusion coefficient

of the redox-active molecule, where this coefficient may be determined from Fick's first



20Eg. 11AG = G + Corrfor G < 100 ng/dL Eq. 11BG = G (I + Corr/100)
for G100 ng/dL In Eq. 11A and 11B, the correction factor Corr can be
cal cul at ed using sine 25functi ons whose anplitude varies with H For
exanpl e, at values of H<30% the foll owi ng equations can be used to
calculate Corr. Eq. 12ACon = -0.4 (30-H) sin(tt0/400)for 0<400 ny/dL
- 26 - Eq. 12BCorr = Ofor G?_400 ng/dL where the range of Corr is
restrlctedt00t0-5. 5 When H>50% an "asymmetric sine
function" can be used where the anplltud% of the positive and
negative | obes are d| fferent. However e function is continuous so
that there i n r; le& i

to 13C can b% ir}%e t'o ca?gﬂﬁédtxeﬁsnﬁe &?Eérﬁﬁkégggg% adﬁq IS t‘ﬁéﬁﬁi@ f@r thgﬂyphéﬂa&lz
(H50) si n( rof@idseiatecaici@entig)/vereRgn0 foxmgmmgof)ths SQqqn@,t)yne interval.
sin(n@ 180)for 1 Ol=e

ng/ dL where the ?gﬁé&&ggp%%}éﬁr est rﬂljr%t%ggﬁ{vgm I?CQH 6&@%@%%%6&&%%
0 to 53 or G.%. 80. I n anot her enbodi nent, the value of the
anal yte concentration (G can be conected 20in view of the fill tine

wi t hout deriving Eangesti mat e of _t Lgﬁ;ﬁ?grzgﬁpgqjitv ‘i H, e.g., using Eg.
BT e, )

Thus, Eq. 1 can enable accurate measurements of analyte concentration in the
presence of interferents.
10 As discussed above, an estimate of a level of haematocrit can be determined without
reference to an associated analyte concentration. For example, haematocrit levels of a drop
of blood can be determined from current values and an analyte concentration. In one

exemplary embodiments, an estimate of the haematocrit (H) can be derived from Eq. 10.
15 Eg. 10 H=-162.5 log(i,) -+ 119.1 log(G) + 235.4

In some embodiments, the value of the analyte concentration (G) can be corrected in

view of the haematocrit level, e.g., using Eq. 11A and 11B.

20 Eq. 11A G =G+ Corr for G <100 mg/dL
Eq. 11B G’ =G (1 + Corr/100) for G = 100 mg/dL
In Eq. 11A and 11B, the correction factor Corr can be calculated using sine

25 functions whose amplitude varies with H. For example, at values of H<30% the following

equations can be used to calculate Corr.

Eq. 12A Corr = -0.4 (30-H) sin(nG/400)  for G<400 mg/dL



14A (when 0< 100 ng/dL) and 14B (when G 100 ng/dL) in conjunction
with Egs. 15A, 15B, and 15C. Eq. 14AG = G + Corrfor 0O< 100 ng/dL 25
Eq. 14BG' = G (1 + Corr/100) for G ?. 100 ng/dL The
correction factor Corr in Eq. 14A and 14B can be calculated in view
of the fill time (FT) based on a series of threshold val ues of FT.

For exanple, the follow ng equati ons 30can be used to calculate Corr
using two threshold values of FT, Thi and Th2. - 27 - Egq. 15Aif TM <
FT < Th2then Corr = 50(FT- Thu Eq. 15Bif,FT < Thi then Con = 0 5 Eg.
15C f FT > Th2then Corr = 10 In an exenpl ary enbodi nent, the

t hreshol d val ue [ n be abo .4 Secan e threshol d val ue
Th2can be about 9'1 econds. Fg%xgxgnplégp%%gﬁﬁﬂgggd fills the sensor
10 in less than about 0.2 seconds, then its fill behavior can be
described as close to, ideal..Fill ti | @ss t han about 0.2
seconds usual |y ﬁ?hﬁﬁ@ﬁaWHE”%@%%F%%%#?BFESIOM/enough that that the
vi scosisty of the sanple has a mninmal effect on the fill behavior of

the sanple. As a gon ence . of the.|owhemat.ocri . N8itudes of
gl ucose is beIie&gm?gg%éfgéPt?%?%ﬁ@&ﬁFﬁggxﬁﬁé %%5%%% pﬁ%ggLaﬁeﬁéufgo
can be oxi di @egositapiabll yegatind@bes dnedifferenn dowenersthe finstien is sontinupysso thabd

15 to correct the glycose result for the effect,o L I SO
the correcti @Ffef%&sb‘ﬂg%’a‘ﬁep%ﬁ?ecf’“fc IOE'ef(g.exﬁlﬁ%’rEn : E?%/Ee({ 1y3d %ﬂ?l;gjﬁ utée{(}go
hemat ocrit i gidulie carmre-isevhi gh, the viscosity of the sanple can
affect the fill time of the sanple. As a results, the sanple can take
nore tWan about 0.4 seconds to fill the sensor. As a consequence of
the high hematocrig j340st of t hgogkurDge-s0ssileG180e t o fdred 180 igtdloned
into the red blood cells and so a |lower fraction of the glucose is
200xi di zed. Under these conditions, the glucose result can be
corrected in vi eViéh(?fw he fill tége=_0WEN%EYsin(nl/ 188N be £,MB0£GEaV0 nipedL
to over-correct the gl ucose val ue, and so, in an exenplary

enbodi nent, the correction factor can be restricted to a maxi nmum of
about mg/ dL phgsq?cglucose OF/2020a4ts 105 Of gt 38250 ABAL. An

enpiri aIIy-derlvéH i near equation can be’used to gradually increase
the correction termin the range of about 0 to about 10 as 25the fil

time increases i nwlgc?ee thie SHpE of £ 02RO e ro 00 2PRVEDsH 2586 WWIfor G2180.

In another embodiment, the value of the analyte concentration (G) can be corrected
20 in view of the fill time without deriving an estimate of the haematocrit (H), e.g., using Eq.

14A (when G < 100 mg/dL) and 14B (when G > 100 mg/dl.) in conjunction with Egs. 154,

158, and 15C.
Eq. 14A G’ =G+ Corr for G < 100 mg/dL
25
Eq. 14B G =G (1 + Corr/100) for G2 100 mg/dL

The correction factor Corr in Eq. 14A and 14B can be calculated in view of the fill
time (FT) based on a series of threshold values of FT. For example, the following equations

30 can be used to calculate Corr using two threshold values of FT, Thy and Thy.



One exenpl ary enbodi nent of a device that can be used in conjunction
with at | east sonme of the systens and nethods di sclosed herein is a
gl ucose sensor. The gl ucose sensor can include an el ectrochem cal
cell, such as the cell illustrated in FIGS. 2A and 2B. The cell can
include a thin strip nmenbrane 201 havi ng upper and | ower surfaces
202, 203, and 30can also include a cell zone 204 defined between a
wor ki ng el ectrode 206 di sposed on the | ower surface 203 and a
counter/reference el ectrode 205 di sposed,pn the upper surface 202. -
28 - The nenbrane thickness can be selected to achieve a desired
result, such as vifg the reackirp« preducthsn Epema(RUmt)er el ectrode
arrive at a working electrode. For instance, the nenbrane thickness
can be selected so that the el ectrodes are separated by a distance t,
5whi ch can be suff] ¢igntly cl osgrpuch, ihatokhe products of

el ectrochem cal reaction at the counter electrode can mgrate to the
wor ki ng el ectrode during the tine of the test and a steady state

di f f usi on profilq%g@nge subst apiral iRk theved Typically t can be

| ess than approxinately 500 m croneters, alternatively in the range
of about 10 mcroneters to about 400 m croneters, and nore

particularly in the, E@%arﬁfem@@ﬂﬂl@nt?@e Hr&hOERhRE Thi@n 8 abbut 89@econds and
10m croneters. In one enbodi ment a spaci ng bet ween the el ectrodtfs can
3

be sel ected Sutheshhldivaluadhs eradeiabant Prioensets For example othae BrodfidLir srer
arrive,at a workiig 6086t ﬁg&dgq@r@ ffﬂlhﬁhﬁm o8l bd BRcARAAY elose to ideal A1

el ectrodes can also have a varie configurations. For_ instance,
the el ect r odgmeseilesh éhaplabeni 0.2 sEeantihesuallychievhan taemaqerisis ey erpugh that

embodi ment the, & gigéeoéf&?ﬁth%?%n&l@ga% Jﬁini’aﬁﬂ&it &ch@[%ﬁfbeﬁat\g&rofaﬁqaraﬂ@. Asa

. 3
substantial | y opp odinents the el ectrodes can just
be facing eacisafuber of thedyw bamatbeitsuens pEthe ghibesy ivinbiesd be padfiensd into the
other, or they can haye. 2:5L96s 1Sl denif9N Unditifdst Cohdit b lis iR need
el ectr odes ag%s%a r]}afei ‘gﬁeéglté’gﬁlgﬁ%%%g%dg lglghqnﬁéejr 1Z‘ﬂgasrre pl ane. Exanpl es
of di f f®r ent toalometttindguaoniasgufoatiecffsct offill bimef andid thgtcotreetion fcpr gande set

Patent No. 7,431, 8§20 of dges.. enti = MyC.ak .Gl of theREN1
filed on Qct BYEF %it,em Bﬁg’p V‘%@? hhg%grgﬁt%)érﬁsgﬂ%fs%mﬁ:%ﬁhéé }%erlsé:%y <3hfpe
i ncor por at edcdnaffeeftee B timeiof thetsamplat As etgpults, the samyle sampkemes pessiapews A-4
or "target" area, 20 an be defined on t r f forlch& ;
menbr ane 2015%"[%‘13&%%]11@296 $picte ngmge%ﬁeréctegﬁg{eé% (e ggoc?ﬁglﬁ%gﬁé&g e
merbr ane t hi slress Herpartitioned inel the 2 o2 0dls afiteo atorvier &aaiof 01 the ghicbrave

a di ffusion zone 20 hat can . extend between,the, tar r d
the cebl zonexigEad &“‘gﬁﬁ?éeo‘foé‘d‘ﬁ%sgﬂ’ﬁtgpuc?&ﬁ? PR RS (éonr%g%%% ‘g‘%’rrégtlﬁ%ﬁ@r
M ﬁn enﬁyrretilﬁle_ ﬂﬁdreaerﬁfhﬁ}tﬁefiﬁlboﬁn:ﬁﬂ;@@chox&i‘-cwlﬁ’dccmte)(gh.ltloi&e/amﬁ;mﬁdismlélﬂan
within the ce zone 204 of the nenbrane and/ or tween the ce e
D04 and e, ExOL SbatmeT, I RenRba e B oA f e Sy Bl 40800
and the |ikemgdl }8eha0fluddB@ors®Bstangs: ¢ ti dmahf Abémgitdcayricheedlirgaetuaion

the target zone 207, and_ the. bl ood conponents can w ck .t s th
cel | zone 2080 EoEatie gsfdualinincreatedle ?ﬂ%%‘%laﬁh%&%e of agﬁgég‘? ?br?ggw as

area. bha the g emOghoRREcaseRfn the range of about 0.2 to about 0.4 seconds.

One exemplary embodiment of a device that can be used in conjunction with at least
some of the systems and methods disclosed herein is a glucose sensor. The glucose sensor
can include an electrochemical cell, such as the cell illustrated in FIGS. 2A and 2B. The
cell can include a thin strip membrane 201 having upper and lower surfaces 202, 203, and

30 can also include a cell zone 204 defined between a working electrode 206 disposed on the

lower surface 203 and a counter/reference electrode 205 disposed on the upper surface 202.



FIGS. 2A and 2B the cell zone 204 can defined by edges 209, 210, 211
of the menbrane, - 29 - which can correspond with edges of the

el ectrodes 205, 206 and by leading (wWwth respect to the target area
207) edges 212, 213 of the electrodes. In the present exanple the

el ectrodes can be about 600 angstromthick and can be fromabout 1 to
about 5 mm w de al though a 5variety of other dinensions and
paraneters can be used w thout departing fromthe scope of the
present invention. Al ternatively, hoth sides of the menbrane
can be covered with the exceptlon of the“target area 207 by

I am nating |y g-%eﬁnﬁgn% tﬁgﬂetsg &gr e selt &f t@gch\f%@%sﬂ’ga'rgsmt%@h S8laVRg kR

prevent evaporation of water e sanple and to provide
nmechani cal rwoitist pedscts HomheotGapietirada ptiveR) aporiing lpctede wBarapstqnge, the

bel i eved to ]Qg ngeetﬁi[cmg & Q‘% slel%ctgc?ﬂ)e SOIFE?&E%&O&J&%I‘@S%HQ‘L\I@% ]lgf!l h@%ﬁﬁcetrhe

el ectrodes to ution to cool ecting
di f f usison ¢ o‘e}ﬁn‘:h canémtsuﬁ'mtn‘éj’ chaberrych that thrprpdrsticfsleeireobemispl mestigh at the

di ffusion co OF.I t'eﬁ%l&@ltodg &h Q%f&?%é@&ﬁg??%%%unﬁ&h@'ﬁn’l%lorfﬁﬁa@&% én\fi%

enbodi nent, rated 1n ectrochem cal for
15use with t#edyysediffusamprofile havks sdbwidbe@hhwdeﬂ“rmcgllmmubeéqas thathe

el ectrodes 303 30(%?16 30 g‘%rérﬂ%@ﬁ ra‘lt%%a@%l)ﬁ g?l?e gfe%%mﬂ(?b ﬁﬁﬁf)mg@s kSabout

330 to defi n®PX*RS n open e provi on one

si de of the 408l mlcmrfeteesbyndamsamaﬁeubdﬂ nb‘.be wdgd thaéchtﬁﬁtrmcmmetecﬁdv plpoyat 200
332. Ip this enbo

enbodi Tfent s J'° ?%n <%%ﬁE§§£F%%E”@ d@ﬂ¥ﬂ§%§ﬁ§g?%%§§§%%5% g@%ENNhHMt
variety of cta fdagwhqimchms,ﬁoat a teast clagrog@dirive asseat kg elesirod@ybefgag the fnd
non-llnitingggg nF the el ectrodes can be spaced apart by |ess than
about 500 m UrBHEt®rs, preferably in the range of about 10 or about

20 microneters torhabhutrod®amileriowet ety civdnfpraiops. ef@risbinye, ihe ekectrodes

(a7e, O 2hou, 00, LOMRL Ly A0 0% O EL o TonS RS e

el ect rgchem gaihg 6@h|oﬁleﬁﬁnd:dr€§;bs@ﬁtla1125ppcgacﬁ iBotharenibedinsats thmelecttodes can

Creps of 1 ol HOU et ey SRB ey AL R e AR eTRL A, Ry FPRaFe

di scl osures §1@A—E§Lﬁde o fighatiel Rovhicche deaaldecet b&ltmﬁled:dqﬁ&xnﬁaﬁﬁlym&hc samak

SUCRETERENEE M TR

which i's hergbys 431,820 of Hodges, entitled “Electrochemical Cell,” and filed on October 14, 2003,
20 the contents of which is hereby incorporated by reference in its entirety.

A sample deposition or “target” area 207 can be defined on the upper surface 202 of
the membrane 201 and can be spaced at a distance greater than the membrane thickness
from the cell zone 204. The membrane 201 can have a diffusion zone 208 that can extend
between the target area 207 and the cell zone 204. A suitable reagent can include a redox

25 mediator M, an enzyme E, and a pH buffer B, each of which can be contained within the cell
zone 204 of the membrane and/or between the cell zone 204 and the target area 207. The
reagent can also include stabilizers and the like. In use of the sensor, a drop of blood can be
placed on the target zone 207, and the blood components can wick towards the cell zone
204.

30 Each of electrodes 205, 206 can have a predefined area. In the embodiments of

FIGS. 2A and 2B the cell zone 204 can defined by edges 209, 210, 211 of the membrane,



30i ncorporated by reference in its entirety. For exanple,

el ectrochem cal cells used in conjunction with the present

di scl osures can have two el ectrode pairs. The el ectrode pairs - 30 -
can include any conbi nati on of working, counter, counter/reference,
and separate reference el ectrodes. Another exenplary enbodi nent of a
device that can be used in conjunction with at 5 | east sonme of the
systens and net hods di scl osed herein is the sensor described bel ow
and illustrated in FIGS. 4A through 5D. Jhe sensor can be in the form
of a formof a test strip 62 including an el ongate body 59 that

tend | i | - e ; a i 0
extends a Ogghlgi.h [aa%f}g}rg%gh?@rhh @aa‘%eﬁ ofthf ERRA %i@%%dﬁéydgg% 8¢ (Ritirespect t

di stal end havi ater edges 56, 58. can include a
proxi mal santpt Grgetarce &N cdgraRhar218 of thh glectrodat: A e mEesertexyaRls theglectradss
and a reagen ' gpg, st Lt DS aboBSd MARw L BlRbAY:
posi ti oned é%QE%?P%gﬁ&%%%%gﬁ?ég 3,§$§?%r elecﬁricéfly cormunicati%\gz1
with astest vaeiewrofpthet diehsiensrand pajmeters can be ysedyyisheys gerertingtfrogt the pgoppof
62 is forned i.hle layers including a first electrically
conductive I%%é%&%g&kéhggécer_Go, a second electrically conductive
| ayer 64. | ::i rst gfuma:tiivdw Hogh s;gz@uﬁénimﬂelbmyean 1@@0?%9& @f#tllﬁte@&?ﬂon of the
el ectrically,caondu VAT : i YA chf sfved
conductive ntﬁ{g'e?r?rgcéd’ft e%lf]rgpe{llrg{é?g |¥|69%%gqgmn{1§%%?r5ne tﬁ‘é%ggit I onec(kj) on an N
i nsul ati ng spreent énptrasdhovivater Spacthe sdnzpjeanddo proaide prechapiorbbRyiegss 1g the
. 7 ol Ceally i ! . p
¥ or ot r om “e i Bty OEAL TP PRV EL o an A QSR es B Pl
whi | e a t hr edlidwaylereldcesticsgd diypuk,snd hllawstthestobdion sogbiol, inBerding the diffusion

| ectricall ducti | at | -
Cect strip vty s wstafpe PR KRet bR RaG feehad

sanpl e reactasaoehanber 61 can be defined by first electrically
conductive | ayer

66, second el ectricall Qn i

spacer |ayer 60. AS"AIEpHYE Sﬁ‘lb?cﬁ%trl u%%ttegil? ggggo%/{v;ﬁmiogg%%to?nhegﬁ%g%eeﬂrfor
(13%40 agl sal so hgafz;lvimdﬁe @sfeﬁlagﬁcﬂlmefbﬂdsgcﬁd;}dséd Istrein ischrevddagin d he klecttadesid¥, 3BBan

. For exanple, a cutout area in r .60 can,expose,a i
of second el E%%“PPWI%? SRASRY ARAT RA I?eéglﬁgﬁg%zﬁgﬂﬁﬁfei e 1o‘glcglc?:'t pn 8}%%?%% )
25conduct i vecdnayerovifed oarde sidetety cdiefliensds afsimple cel cidnitel iA66hemasty
second el ectrode 164, respectively. R%%%enﬁ %% C%P be in %%F fgr§1of
a layer posi ti%odadupsmpqdiagnt amenybrangds nogEsed, although iy SURe CTRRASIRT et |
reacti on chapbgbrafd cdnbeasditdead Thoslcanabycah Agvesmbibty\wobonTigumaonsl &deast as
For exanpl e, sanple reaction chanber 61 ca QE%gga vol u ran

. | n
from abbut OdiscussedaBpye: dlysVaYPIABBURI S REPRIF c,tmﬁ?secfaggﬁﬁﬁ’aﬁ%@g’ﬁ?y
0.2 to about |3; @hEill S0 SicroRitebrdPFe@erably in the range of about 10 or about 20

micrometers to about 400 micrometers, and more preferably in a range of about 80

micrometers to about 200 micrometers. The effective cell volume can be about 1.5
microliters or less.

25 The electrochemical cells of FIGS. 2A, 2B, and 3 can be used in conjunction with
the meters, control units, and other components and steps of the devices, systems, and
methods disclosed herein. Further disclosures related to the electrochemical cells of FIGS.
2A, 2B, and 3 are found in U.S. Patent No. 6,284,125 of Hodges et al., entitled
“Rlectrochemical cell” and filed on April 17, 1998, the contents of which is hereby

30 incorporated by reference in its entirety. For example, electrochemical cells used in

conjunction with the present disclosures can have two electrode pairs. The electrode pairs



30preferably about 0.3 microliters to about 1 mcroliter. To
accommodate a small sanple volume, the electrodes are preferably

cl osely spaced. For exanple, where spacer 60 defines - 31 - the

di stance between first electrode 166 and second el ectrode 164, the
hei ght of spacer 60 can be in the range of about 1 micron to about
500 microns, preferably in the range of about 10 mi crons and about
400 m crons, and nore preferably in the range of about 40 m crons
5and about 200 m crons. To further,assist with the reduction in
t he vol une of reaction chanber 61 the |ongitudinal and/or |ateral

di mensi on of cuf Quit ag% g@n@gaﬁ%ﬂ df %rkp%dyouﬁt%r CothtleRAhLS El%ﬁee_plﬁ‘% reference

exanpl e, test St p can I ncl dde cut away portions 5 such
t hat the | ategcitiodss dth of reaction chanber 61 is snmaller than the

full width (w des Lot %at éﬁ%y Eﬁﬁédlﬁéﬂtwa !@a%é téa?car;l&%a e\/@)@uwohwmt

51, 52 can also elivery o anpl e to reaction chanber
61. Ford ex anlpﬁsesonmnf.twtepg end mptheds dls\g@sega}erqqtawéheasegmé@;cnbed below and

cor r espondi ngugu%te@ fu’? E{(ﬁ 35& u@h g]? NGRS sefor ?ank%(%ﬁ the\ml%pofaa 43 bf a test strip

expresses a i nger st he cut-away portions

51, 52 can h& lpcltidhsg ars elpngake lgwdy as ﬁah‘pslt@dﬁ)@igng 3 ongigndine! miisk ifem Fnrergep!

with a sanpl € ) Al I

56, 58 of body Da° s sl faflng pRRFBARESG SR) Bl b RIS

while two cwamm'yaqmon thaprter G thai dohass clattexdles 1@3&6%4%%6486@725@"8@6@1%

I ncl Udl[% gn;%%c@g%b n%l f‘?irtﬁgrtm&x?eydlﬁﬁ[fﬂg?ﬂglferd efegtrﬁﬁlltcomg Og,;%gfg%ﬁlcany

As state € proximal por test strip
i ncl ude at I@mﬂumangwnhlaeesdmbwv@pwlp@medf or delivery of a sanple to
reacti on chamber 61. For exanp

transversely to tH8 XPEHLfs eélﬁ%g 1%%&1@%% %&% l‘éfé?s ﬁglhgﬂgggm

provi de 20t vﬂedm;(mﬁy ngsiudivellayer bhe sader &(Eraisq:rgnd)f:leqzthwlb@bm@pnm layek G#.dFirst
to sanple re e two n Qone
can act as aa}gcé ec?‘idrmtll‘(/e’l?‘lyﬁr 6%\&%& TSFCOHS O%E\?Lre?ﬁg’ A Z&c ,3! %ﬁgﬂ]tb

whi | e tshe ot hehedfdin achrigg a@ondabive Iﬁnmaﬁl‘thdtlaeadm dmeteimbosarnemv\pdsitxoned on an
appreci ate that sanple can be.d I|v red Ie r.eaction. cha

using al ter n’éif‘il?}@grsr‘g‘?eﬁ&”toﬁag’é’mi)' ]?alﬁ%fl g géﬁ%l |fr\?|mnagvaﬁlgpltts} g?df aIG
vent ?‘ posi ti Iﬁlélﬂﬂmﬁtmdﬂérfaﬂﬁxﬁmhn inowat, iopbsfoimmed feah, @tadhqsivESb)nelyluE@l, in sheakt
as, for exanple cei ving, ports and/.or ve 0si,.tjoned, in
first and/ orwgb@éﬁa%tgﬁvﬁiﬂéél“?@g]@g dottRE ! ﬁ‘é"\}@i’eg %8R eiecmcaq}y I'n
one enbodi MegYndudiRs br ﬁ&ﬁlh@ve@%/et@oaﬂajaw& tb @)rﬁrtaso/sﬁ;@mpﬂpssr nto reaction
chanber 61 via ca |IIar¥ action. r ex

t he dj nensio n
sur f ac® char act erfpsilpggtegrinf %%t‘lr‘*d ¥Ry ‘?%@FO’%‘Taléﬁ‘ap pEit Q’a"‘f’gerdé&r?a'b%e
adapted to PEIGHEEy BrsE ARt eohdHchR: 1ML B6,Bedond dleblrically conductive layer 64, and

spacer layer 60. As discussed in more detail below, reaction chamber 61 can also include a
reagent 72 and first and second electrodes 166, 164. For example, a cutout area 68 in spacer
60 can expose a portion of second electrically conductive layer 64 and first electrically
25 conductive layer 66, and thereby defines first electrode 166 and second electrode 164,
respectively. Reagent 72 can be in the form of a layer positioned on first electrode 166.
In one embodiment, reaction chamber 61 is adapted for analyzing small volume
samples. For example, sample reaction chamber 61 can have a volume ranging from about
0.1 microliters to about 5 microliters, preferably about 0.2 to about 3 microliters, and more
30 preferably about 0.3 microliters to about 1 microliter. To accommodate a small sample

volume, the electrodes are preferably closely spaced. For example, where spacer 60 defines



30sanple (e.g., whole blood) is brought into contact with one of
openings 70. One skilled in the art will appreciate that reaction
chanber 61 can include additional structures to assist - 32 -
with/create capillary forces such as, for exanple, beads, a porous
menbr ane, and/or other fillers. As nentioned above, a reagent, such
as reagent 72, can be disposed within reaction 5chanber 61. The
conposition of reagent 72 can vary depending on the intended anal yte
and the expected formof the sanple. In_gne aspect, reagent 72

i ncludes at |east a nediator and an enzyne and is deposited onto

first el ectrQdg iR veNdlch BKS cRBHIRYBE $hddachhaklcBiRedLMes, tA Beidit bhipace: be
spirit and scope of the present disclosure. For exa%pl e suitable

medi at or s i reehbelé theranze glaboutel miceqnrte abawe 00 Bicrays.dwelcgblyiiy deirapge of about

osni um bi pyrfﬂﬁfcroﬁgm eﬁféﬁtsdloojnqicfoﬁé Qﬁ‘d‘fnb’ﬂ@p@f&rbﬂly Iﬂ?%@ﬁﬁn@@of A0 ALhicRAe
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exposes a PomthkRNIWebp&RGRMY a8l @edehi @@lchyact as a sample receiving port for delivery of a
fluid sample while the other can act as a vent. One skilled in the art will appreciate that
sample can be delivered to sample reaction chamber 61 using alternative structures
including sample receiving ports and/or vents positioned at different locations in test strip

25 body 59, such as, for example, sample receiving ports and/or vents positioned in first and/or

second electrically conductive layers 66, 64.

In one embodiment, test strip 62 is adapted to draw sample into reaction chamber 61
via capillary action. For example, the dimensions and surface characteristics of reaction
chamber 61 and openings 70 can be adapted to produce a capillary force when a liquid

30 sample (e.g., whole blood) is brought into contact with one of openings 70. One skilled in

the art will appreciate that reaction chamber 61 can include additional structures to assist



30conductive |layer 64. Applicants note that test strip 62 can include
a variety of alternative electrical contact configurations for
electrically connecting to a test neter. For exanple, - 33 - US.
Pat. No. 6,379,513 discloses el ectrochem cal cell connection
structures, and is hereby incorporated by reference in its entirety.
The sensors of FIGS. 4A through 5D can be used in conjunction with
the nmeters, 5control units, and other conponents and steps of the
devi ces, systens, and met hods di scl osed_{faerein. Further disclosures
related to the electrochemcal cells of FIGS. 4A through 5D are found
in US Pat e»ﬂ%h/;ﬁpﬁé éagﬁfa}mrcggf;dcﬁlas %l*exéxﬁf)lg 1RaBdd pGbuiahehhe inddr ofter
entitled "Mt Appar at us For Anal yzing A %anple In The
Presence O fillstserferents,” and filed on March 31, the contents of

whi ch is hereby 'A@%%{?Qﬁeﬁtaggvebéfrellgén?fs%h%gégéxﬁ 7th§n%QHisﬁ&Eyw1thm reaction
Anot her exerrpl ary enpbodi nent of a sa | e anal %lg device for use in
g

conj unét i on ohimbergl. Thaeympnsitien of reagea ??éiﬁhﬁﬁré’ dGP sadheigieaied angiye

i mrunosensor , &a
ooren: ooy EAHR b S PR B0y10 BB AR ARG lls oo

entitled " Adhésh meyBonpdisidepesiisd owp fitss eleqtivda H66. nYAIRES LR RN —
on Sept ember, 30:4;:1 %%ﬁﬂrt aﬁ@?coﬁ@gfttﬁ@é s]eﬁﬂc daé’g‘fﬂsﬁﬁé ISy Qﬁ&%@‘su{tm&hﬂﬁi‘c&% ed

by reference in its entiret chanbers can be forned
wi thin the iingludedsminyamide, femebma ﬁng@n¢ iiqrwa@m,rm@#um bipyiiil epmBleXsinpl e

b t d d
can ngplen C;g CeglumI (ﬂ@ ea&a\%ﬁ?% Ongﬁﬁ&fé%gﬁvatﬁesr %ﬁgrg\blggoi’:slﬁﬁgaq?@énzyﬁﬁs 1\§@hcfeh

a sa € reac nore desir mat er |
det ecti on chaudosy oxiduye, whicote cﬁhﬁdmmmm@DH@hasod ompparlequingliae q@ume i@}

of the sanple Ct%(l}[gﬂ%et rorlrllé-;:i]cg) P?%-l €3 enme amugl St %%8%&t ga d‘Ha'JEE' a&ienlm@t

| east a port‘i0 upper el ectro
separ at or Ofdlﬁd&&ohwmmr(}])ﬂ KlléA]D-rGﬁH])os@mrs&mmpm @hEot fonnmlardze which

vent hole to al ter escape i_[mun

desired, and” ?Li}‘% g‘i S“g‘ﬂl%}e ic’é 81g§8a§le? r‘}a@'ecoﬁpo r?’%cr{bcd {'eP eéolgjlggﬁ vgﬁlcamn qer
first 1and sag@nd/,s1des e@ﬂitleﬁhlelemeﬂ bf Mehgactubing afSterdized sl @amgramdrﬁmmmm-

can also forma wall the tr

i nmmunosensorB afifbMFﬁﬁ?Iﬁ?fé{éceapq 9@9 a%ﬁgj F?%‘&é%%sf?nh Ii’% ata?lﬁgé |2|bg‘g?1 0848,

reagents 130yhidi3R héieby ﬁﬂé?@ﬁteﬁbytrefe%ﬂ%1hﬁ!d\&{t1rﬁireCtrode 112 can be
formed using any nunber o

techniq e form el rodes,. but
one enbodi nent aLbﬁFlﬁ%mr@ﬂ@akW%ﬁaﬁu%rg é’ @b%‘jﬂngﬂ‘g‘é‘{ ctoﬂ%‘?ctl?"straCkS
filled wth RardddMcaiy) RAaLR fiks mm&érﬂrete@@@de@dewmwgaldmal EI"ehﬁdSai contacts
non-limting e | e of formng an electrod | os in

Pt en20No. | S0 ok o7 Snst. TSR LY SR e G RS I BRRCIE track

Cel 1" and fij@daQichey B ifhectOfirsPdQBodd 148 v @RE decBicaiingidt 67 Sheilely
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second electrically conductive layer 64 can include a second connection track 78 that

connects the second electrode 164 with a second electrical contact 63 (FIG. 5A).
First and second electrically conductive layers can also define first and second

25 electrical contacts 67, 63 that facilitate electrical contact of test strip 62 with a test meter. In
one embodiment, a portion of first electrically conductive layer 66 extends distally from the
distal end of spacer layer 60 and second electrically conductive layer 64 to define first
electrical contact 67. Second electrical contact can be defined by a U-shaped notch 65 in
the first electrically conductive layer 66 which exposes a portion of second electrically

30 conductive layer 64. Applicants note that test strip 62 can include a variety of alternative

electrical contact configurations for electrically connecting to a test meter. For example,



-34 - Likewise, the liquid reagents 130, 132 can have a nunber of

di fferent conpositions. In one enbodinent the first liquid reagent
130 includes an anti body conjugated to an enzyne, such as GDH PQQ in
a buffer that contains sucrose, as well as a pol oxaner, such b5as

Pl uroni cs bl ock copol yners, an anticoagul ant, such as citraconate,
and calciumions. In one enbodi ment the second |iquid reagent 132
includes a mxture of ferricyanide, glucose, and a second nediator,
such as phenazine ethosulfate, in an acigic buffer, such as a dilute
citraconic acid solution. The first and Second I|qU|d reagents 130,
132 can be d{J'Segat%(g @ 3t75651£ 3188bses leﬁgtwcﬁgﬁ}lcéll J:gll cd%n@é{f@g%{m&&re ecRhaHes
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el ectrode 11§ndceascr:]ap2?he immunosensor as desired, and first and second sealing components to
selectively seal first and second sides of the vent hole. The first sealing component can also
form a wall of the fill chamber.

25 As illustrated, the immunosensor 110 includes a lower electrode 112 having two
liquid reagents 130, 132 striped onto it. The lower electrode 112 can be formed using any
number of techniques used to form electrodes, but in one embodiment a polyethylene
tetraphthalate (PET) sheet that is filled with barium sulphate is sputter-coated with gold.
Other non-limiting example of forming an electrode are disclosed in U.S. Patent No.

30 6,521,110 of Hodges et al., entitled “Electrochemical Cell” and filed on November 10,

2000, the contents of which is hereby incorporated by reference in its entirety.



- 35 - interchangeable. Thus, the |ower electrode 112 can include one
or nore magnetic beads 134 and the upper el ectrode 114 can include
two liquid reagents 130, 132 striped onto it. Further, although in
the illustrated enbodiment the length of the electrode 112 forns the
5l ength of the entire body of the i munosensor 110, in other

enbodi nents the el ectrode can be only a portion of a |layer of an

i munosensor that serves as the |lower or upper electrode or nmultiple
el ectrodes can be disposed on a single Layer of an i munosensor.
Further, because voltage applied to the I mMmunosensor can be flipped
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associdted with hé reat tection chanbe

I n some enbothareniige stheageattfi2riavérpnlogs toocneouyheSt the linp pEhe Imsgan branplied

el ectrodes 11]1'521r’1g l%slegf aﬁgtgon or with a sharp metal edge. In one exemplary embodiment the line can
be applied before the reagents 130, 132 are striped on the electrode. The line can be
designed to electrically insulate the section of the lower electrode 112 under the detection

25 chamber from the section that will be under the reaction chamber. This can provide a better
definition of an area of the working electrode during the electrochemical assay.

The immunosensor 110 can also include an upper electrode 114 having one or more
magpetic beads 134 containing surface-bound antigens thereon. The antigens can be
configured to react with the antibody disposed on the lower electrode 112 and the sample

30 within a reaction chamber 118, as described in further detail below. Applicants note that the

components disposed on the lower electrode 112 and on the upper electrode 114 can be



- 36 - the separator 116 can be |am nated together to forma

bi-1am nate, while in other enbodi nents the conbinati on of each of
the I ower electrode 112, the upper electrode 114, and the separator
116 can be lanm nated together to forma tri-lamnate. Alternatively,
5additional |ayers may al so be added. A fill chanber 122 can be
formed by punching a hole into one of the | ower and upper el ectrodes
112, 114 and the separator 116. In the illustrated enbodi nent the
fill chanber is formed by punching a holgin the |ower electrode 112
and the separator 116 such that the hole in the |ower el ectrode 112
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reaction chamber 118 is aligned with the electrodes 112, 114 to allow an antigen-antibody
reaction therein while the detection chamber 120 is aligned with the electrodes 112, 114 to
allow for the electrochemical determination of ferrocyanide therein.
In one embodiment, the separator 116 can be placed on the lower electrode 112 ina
25 manner that allows the magnetic beads 134 of the upper electrode 114 and the first reagent
130 of the lower electrode 112 to be at least partially disposed in the reaction chamber 118
and the ferricyanide-glucose combination of the second reagent 132 of the lower electrode
112 to be at least partially disposed in the detection chamber 120. It can be advantageous to
include an anticoagulant in each of the first and second liquid reagents 130, 132 so that an
30 anticoagulant is associated with each of the reaction and detection chambers 118, 120. In

some embodiments the combination of one of the upper and lower electrodes 112, 114 and



- 37 - chanber 122 so that the sanple can be contained therein.
Properties incorporated onto the adhesive side of the first sealing

conponent 140 can be associated with the fill chanmber 122. For
exanple, if the first sealing conponent 140 includes properties
making it 5 hydrophilic and/or water soluble, the fill chanber can

remain well-wet when a sanple is disposed therein. Further, the
seal i ng conponents 140, 142 can be selectively associated and

di sassociated with the inmmunosensor 110_4gu provide venting and/ or
sealing for the i munosensor 110 and the conponents di sposed therein
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drilled or punched in a number of dlfferent locations, but in one exemplary embodlment it

can overlap a region of the detection chamber 120 that is spaced apart from the reaction
chamber 118.
The vent 124 can be sealed in a number of different manners. In the illustrated
25 embodiment, a first sealing component 140 is located on the lower electrode 112 to seal a
first side of the vent 124 and a second sealing component 142 is located on the upper
electrode 114 to seal a second side of the vent 124. The sealing components can be made of
and/or include any number of materials. By way of non-limiting example, either or both of
the sealing components can be hydrophilic adhesive tape or Scotch® tape. Adhesive sides
30 of the sealing components can face the immunosensor 110. As shown, not only can the first

sealing component 140 form a seal for the vent 124, but it can also form a wall for the fill



mai ntain certain conponents of the i munosensor 110 in one chanber
whi | e ot her conponents flow to the other. In one exenplary

enbodi nent, the nmagnet of the neter is located such that, upon

pl aci ng the i munosensor 110 in the neter, the magnet is di sposed
5bel ow t he reaction chanber 118. This can all ow the nagnet to assi st
i n hol di ng back any magnetic beads 134, and nore particularly any
anti body-enzyne conjugate that is bound to the beads 134, from
flow ng into the detection chanber 120._47._ An alternate feature of
the meter includes a heating element. A heating element can help

speed up thenpsaaetbOR thatiBe #RHIIGNhRe LoRaiRANTRr8inf PAYeiiBE PUSPok{RE onto the
i mmunosensor 110 in a 10desired manner by reducing the viscgsity
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fill tinme. e cont ro unit can i nclude a nunber of
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nor e chanbeﬁ%‘%@e i MUnNos can e configure
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A

control uni tfiledasn Apnl 22, 2004 U.S. Patent Application Publication No. 2006/0134713 of Rylatt et
al., entitled “Biosensor Apparatus and Methods of Use” and filed on November 21, 2005,
and U.S. Patent Application Serial No. 12/563,091, which claims priority to each of U.S.
Patent Application Publication Nos. 2003/0180814 and 2004/0203137, each of which is

25 hereby incorporated by reference in its entirety.
In one embodiment, the immunosensor 110 can be configured to be placed into a

meter that is configured to apply a potential to the electrodes 112, 114 and measure a
current that results from the application of the potential. In one embodiment, the
immunosensor includes one or more tabs 117 for engaging a meter. Other features can also

30 be used to engage the immunosensor 110 with a meter. The meter can include a number of

different features. For example, the meter can include a magnet that is configured to



- 39 - be configured to communicate the results of the fill time
determ nation, the results of the analyte concentration

determ nation, and/or the haematocrit neasurenent to outside

equi pnent. This can be acconplished in any nunber of ways. In one
enbodi ment, the 5control unit can be hardwired to a m croprocessor
and/ or a display device. In another enbodi nent, the control unit can
be configured to wirelessly transmt data fromthe control unit to a
m croprocessor and/or a display device._ ;3. Qher conponents of the
system can al so be configured to make such neasurenents. For exanpl e,

the imnOS%ﬂ?ﬁ inQbrtdil) orBirhts 6 8iRe REMERAEISBUN 10Gn bR RRASHIWhIR other
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infer the tewpprantiiovoko the etherpilonesyemplasy Frbodimen fiFiMAENStSY Tedels i
variety of qfher sﬁg}gtgnétl? Fﬁ{n‘ r&cﬁ@h@ﬁlﬁﬂ&ﬂbseﬁﬁ&ﬁ@ﬁ i 88 niefer, HREm&@B1k Bisposed
|

and/or the system _ ther, Applicants note that t,hesﬁ%i features
of a cént r ol beig the eeantidsechambarrld Rafhbis sanaiawdbs Bagrel el aysiE dhin Hag b3ck awy

singl e cont phe Ul doagd P, SXATRE BactiBulbf Uiy Abiibtal lenfal Balad el bing @

fill tinme an sure a tenperature of a’chanber. 'In 150t her
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the various control units a eS|redefunct|ons to be perfornqg.
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accur asy of beunsystaarts, conlariraigs picaasdt lvett lneief therfiist ngecand yeiag of
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1 qui d20 embodiment, the control unit is capable of measuring a fill time of a sample when it is
introduced to the device. In another embodiment, the control unit can be configured to
determine a haematocrit value of a blood sample. In yet another embodiment, the control
unit is configured to calculate a concentration of an analyte in the sample in view of the fill
time. In fact, the control unit can include a number of different features, depending, at least
25 in part, on the functionality desired and the method by which the system is designed to
measure the fill time..
The control unit can also measure other aspects of the system. By way of non-
Jimiting example, the control unit can be configured to measure a temperature of one or
more chambers of the immunosensor. It can also be configured to measure a temperature of
30 the sample, a color of the sample, or a variety of other characteristics and/or properties of

the sample and/or the system. By way of further non-limiting example, the control unit can



- 40 - sanple. Sanples were introduced into the sensor. Wile the

i ntroduction of sanples into the sensor could have been acconpli shed
in a variety of manners, in this exanple each sanple was adm tted
individually by way of capillary action into the fill chanber. As
soon 5 as the blood started to enter the detection chanber, a 300 mv
potential was applied to the el ectrodes by way of the neter for
approxi mately four seconds. Alternatively, the voltage could have
been applied prior to or while the bloodgwvas arriving in the
detection chanber. A plot of the current "versus tinme transient

resul ting from, i 28X 80l e elliSh! AR finfliGernnathh, SORMISIRuhe
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the liquid fidsretrushiraberbeedomas. contacted with liquid prior to the
first electrode being contacted with |liquid. Wen this sensor was
used to test a plurality of blood sanples adjusted to various
haematocrits, theg80p@tEarn of currents obtai ned shown in Figure 8
was obtained. In this Exanple, the four |levels o aemat ocr |
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devices, and methods disclosed herein. The samples were blood samples that contained

25 three different levels of haematoerit, which were known so comparisons of the test results
could be compared to the actual results to determine the accuracy of the systems, devices,
and methods. The four levels of haematocrit were approximately 20%, 60%, and 75%.
Testing three levels of haematocrit allowed the accuracy of the disclosed systems, devices,
and methods to be confirmed over a broad spectrum of concentration levels.

30 In this example the electrode covered with the dried reagent is the second electrode.

The first and second electrodes cover the entire area of the chamber to be filled with liquid



S current at the tinme indicated by the arrows in the figure. Once
again, the tinme at which the current decreases sharply is taken as
the fill time. The different configuration of the sensors leads to a
di fferent dependence of fill time on haematocrit. EXAMPLE 3 10The use
of variable prepulse tinmes in an el ectrochem cal systemis
denonstrated by the follow ng exanple. A potentiostat neter was
constructed which was capable of using the fill time information to
vary the prepul se time using the methods,fdi scussed above. An initial
test of the new nmeters was perfornmed using heparinised capillary
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time neters accuracy and precis
electrode (wh1ch would tend to decrease the current). These two processes are

approximately matched while the sensor is filling with blood. After fill is complete (at

15 approximately 0.5 s) the first process is over and the second process dominates so that the
current drops abruptly. The latest time at which the current decreases sharply is taken as the
fill time. The results for 20% and 60% haematocrit blood showed similar results, with a
current drop at approximately 0.3 s for 60% haematocrit blood and at approximately 0.1 s
for 20% haematocrit blood. The results of this experiment demonstrated the feasibility of

20 using a measurement of current to determine the haematocrit percentage of blood.

EXAMPLE 2
A second type of sensor was constructed which included two opposed electrodes
with reagents designed to react with the sample dried on one electrode. In this example
25 however the electrode with the dried reagent was the first electrode and was configured
such that it did not cover the entire area of the liquid filled chamber whereas the second
electrode was configured such that it covered a wider area of the liquid filled chamber and
was contacted with liquid prior to the first electrode being contacted with liquid. When this
sensor was used to test a plurality of blood samples adjusted to various haematocrits, the
30 pattern of currents obtained shown in Figure 8 was obtained. In this Example, the four

levels of haematocrit were approximately 30%, 44%, and 62%. As shown in FIG. 8, the



5EXAMPLE 4 The use of an el ectrochem cal systemto determ ne
haematocrit on the basis of fill tine is denonstrated by the

follow ng exanple. In this exanple, the systemincluded a sanple

anal yzing device, in particular the i munosensor 110 of FIG 6, a
nmeter configured to apply a potential, and a control unit configured
to determine the initial fill velocity. In 10particular, a potenti al
was applied to the electrodes of the i munosensor 110, a |evel of
haematocrit was determ ned, and then the,potential was reversed. The
concentration of the anal yte was subsequently determ ned in view of
the determ ”%9 #Jgﬁl &t tr%@ecgﬁgéﬁsﬁdstt th-g?@rléded{lﬁhg %mhmtl%gﬂoéesm&eases
determined if View o o? e sanple. A plurali
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coul d be conip@dsewjaﬁ@fetméd@endfaw ofdilyimpasont hpematortitni ne t he accur acy of
the systens, devices, and nethods. The four 20l evels of haenatocrit
were approximately 15% 49% 60% and 72% Testing four |evels of
haemat ocrit al | oii2AMREE&ccuracy of the disclosed systens, devices,
and refohods to, bepeRdl o IRMIONRpu R BRI PHEGEAIRON FRRE BUIBAAARA by
| evel s. IS exa I munosensor was preheated t
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which in turn al Iﬁgeg sktaor\lh?s tﬁ)atoh d77¥’}) hJexlng%,(\)lcgltrb cpc}dtgave negatn%a biases (-19 to -28%)

when tested with the original (fixed time) meters, but that all points were within 15% of the
20 reference glucose measurement when tested with the variable prepulse time meters. An

example of a commercially available instrument configured to perform a reference glucose

measurement is a Yellow Springs Instrument (YSI) glucose analyzer. The overall statistics

for the two types of meters are summarized in Table 1, below.

25 Table 1
Parameter Fixed time meters Variable time meters
Mean CV (%) 3.6 3.0
Mean bias -9.4 -4.4
Global SD bias 12.0 5.9

% biases within 15% 62 100




reacti on chanber of the i mmunosensor into the detection chanber of

t he i munosensor. As the bl ood entered the detection chanber, a 300
nV potential was applied to the el ectrodes by way of the neter. As in
t he exanpl es di scussed above, the current versus 5tine transient was

used to determine the fill tinme of the sanple according to the
met hods di scussed above. A plot of the fill tinme versus haematocrit
percentage fromthis exanple is illustrated in FIG 10. In sone

enbodi ments, the estimate of the haematogrit according to the nethods
di scl osed herein can be used to express e antigen concentration
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first calculation based on the initial current may be the only step
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current decrease due to the consunmti on of. i.oxi dant species near
t he anode anéPiifaed over a broad spectrum of concentration eveE

In this example, an immunosensor was preheated to approximately 37 °C before a
sanple was introduced. The meter associated with the immunosensor was configured to
25 perform the preheating, although other alternatives could have been used. Samples were
then introduced into the immunosensor. While the introduction of samples into the
immunosensor could have been accomplished in a variety of manners, in the example each
sample was admitted individually by way of capillary action into the fill chamber.
After approximately two minutes had elapsed, the vent of the immunosensor was
30 accessed by piercing the first sealing component. A piercing instrument of the meter was

used to perform the piercing action, which in turn allowed the blood to flow from the



5 slower current increase which acconpanies filling of the sensor.
When these two rates are matched then a pseudo steady state current
is achieved and there is little change in current while the rest of
the sensor fills with blood. For this reason, the earliest fill tine
shown in FIG 11 is about 0.15 seconds. Follow ng application of the
first potential (El, for about 1 second), a second test 10 potenti al
E2 of +300 nmV was applied for about 3 seconds after which a third
test potential E3 of -300 nV was applied,, Values of it and 'r were

cal cul ated using Egs. 2b and 3b. A val ue*of it was cal cul ated as the

sumof currents from3.9.to0.4 seconds of, t NG R b QHsrNd
a val ue of 4“4\933 n hambgf %tge’%l“%rgm% S%nsgrdﬂtl%é y %ﬁerc ?%r?]t&g%? %odm 4,25 tng&SSO
seconds of tAehbbked et drglefpetiorodiamberfd 3etmYlpacogad wae arrdind foethé on i n

t he sanpl e s then cal cul.,ated using,15EQ, 1, i e,
t he val ues \ggecﬁ?deé%ﬁr’ﬁyzo Fhev%?q%r‘ .Sélg@g?xag{‘pé%ﬁgg%%ﬁabf Fx%tﬁé‘é&e%%ﬁé

r espectsi vel ytime transientigs fsed Stdeghine the fdlomesfithatainpte ateding énthe methods
corrected in.viewof the fill. tine.of t - ' : le i
Con CTan. 108 ok e ot gie TEt I REATRI R BCt e g’s"tmtg’isgi e
val ues of FTilluFhieddanB8IGHD. hesenelnbogdioeoisobe estichal: of tedwomeliostit according to
respectively., As w.ll. he di scussed in the f ] :
Appl i cant s f%ﬁﬁﬁthf’ﬂ%‘%ls':?ﬁggg%r&ﬁc?%g% Se(gligﬁ)ue(}fi %55 tﬁ%é@@regrg%%té@g%gﬁgg'{egpw
in view of fiolplasiia FEhacieardiolgblbal, Bae: thik 4sAport 48;ep@BlA in patBogyand | 5C

i nproved accuracy, resulting in a |lower bias fr e

EXAVPLE 6 25The S ok B RS PPetRE Se‘frt il @%ﬁ%@gﬁ’o‘%"%gﬁma
concent r at i oRvARS hiveatdchit. THuwehofirssainplatisn basedienthn dtitizd cedernt may hi the only
exanpl e. Sanples with . a range

of hematocrit fr . %
were tested tER g EAISIRq uBRLLY §£%{@%8? ‘d;iﬂirl\%ac%uoa??]ﬁ%%g%télggP{ﬁerrg&%{mﬁp
di scussed abRy&cabbd det@itned @t qaiokly ecthe thitfab curfent tantlicrvalculreds. T, oAyt
that the bias of sanples fr, ref erence. val yes, of anal yt
concent r at | oPPERIEE B’éar?a%ﬁtlfo‘g]ﬁ AL YT IS EFAOtE g%sﬁcgoré%ryr%vl%rea.ge sy toe first
30exanpi e, asy $NEMIods, tht BvAIAf hidh@itdiiasandk dsampihablollawing ticrfassiongl y

negative as fill time Increases. In_other words, the accurac f
uncorrect ed willisreandss Thiva MpRRUTHAES £ ATt g‘v?@tf? %5)8 g FEa geeéanf or

sanpl es vvithpgrgﬂgg([inflggslth&idﬁggecoﬂmus, there is a distinct dependence
of the bias on the fill time of sanples. 5EXAMPLE 7 The

i nprovenent resulting fromcorrecting anal yte concentration in view
of fill time is degRRgiEded in this exanple. FIG 13A shows the sane
data set as shown in FIG 12 plotted agai nst the henmat ocr rangﬁgof

it
the sabbles. FI G AnggmhsysleoRbm iptasFensAn pp SimEE whgh Ib?sﬁg ony Yl e f

'S

corrected in ag&ﬁy}é Qfthdlc hrttel BEVAR&PEAh BorteRtiGHr hekfAocril dlembbdirated by the

following example. In this example, a sensor which contained the enzyme FAD-GDH,
instead of GDH-PQQ, was tested. A blood sample containing glucose was applied to the
sensor and the potential waveform shown in FIG. 11 was applied. A fill time of the sample

25 was determined during the application of the first potential to the sensor (El, which was
about +20 mV in this example) for about 1 second. In this example, the fill time was
determined to be the period of time from the first detection of sample in the sensor until the
time at which the maximum value of the rate of change of the current transient during
application of the first potential was measured, i.e., the maximum value of i(t) — i(t + dt).

30 The maximum value of i(t) — i(t + dt), i.e., the sharpest drop in current, corresponds to the

time at which a sufficient volume of the sample has filled the sensor for the analyte



1015B, and 15C, above. As illustrated in FIGS 13A and 13B, the gl obal
SD bi as decreased from6.2 to 5.7 after the data was corrected for
fill time. Thus, correcting for fill time according to the above

al gorithns provides inproved accuracy. EXAMPLE 8 15l ncreased accuracy
using fill time correction in a clinical setting is denonstrated by
this exanple. FIG 14 illustrates a plot of the bias versus fill tinme
data for sanples obtained from 311 donors tested usi ng FAD- GDH
sensors in a clinical setting according o the al gorithns discussed
above in Exanple 5. For this data set, the fill tinme correction

pr ovi ded a drﬁ%rlgﬁrgeentit;nbc%o%g ted: I%'hg lf'ﬁ%m&erv%pngt 45 ége(a d%rééthe-gﬂﬁommately first

i npr ovenent I Nl Ca at'a was est because nost
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uncorrect ed ﬁ% i t§ ng Al ookl AR tgg%%?ﬁsggﬂw%%(g ant QH%@ieQ@Ja@fh'e @n&d@%nd the

previ ous exal re optaine ensity (
25cur rént vallavesr wasens tnoreesk vehiglr acc&Opanis} fillBgtof the sprsgo| Wh@’otheﬂerﬁw‘ii faFeIS are

tinmes can be i,ned w th h&reis Hifle ABin8@4hRurrent
density, as ‘gﬁgﬁﬁ Halflsadofgegg}ﬁq% g%%ﬁ“?%%{s“qugg?%@ the curren Hrren

transi ents obitikithedstwiidre sehoofillswvitnblhedheion dhis reasonsthe prsligshil Emsphoypdnt
15% t o about IZ:IZ( Ysélgouft%q(ged |Qto sensors. FIG 16 illustrates fill

ti me data caI1T romthe data of FIG 15. FIG 16 shows the raw
fill time val ues Faﬂowipgapldwammmﬁhe ﬁrlstem‘ree‘aai (BF, fer abey| lj seeand} azerpsd test

fille gSguar es verts.
fill ti%es r%e&gglrﬁﬁr ﬁBQ@Sﬁswas e@g se 81(‘) %o a3 O%’gﬁ Qﬁ%lg%x Js: tjgg% ;c]e];@potetnﬁﬁ
hi gher hemat D:Cdsﬂ BO(BIaTv’piraeapﬁluddl iVatpesroffigand 4, wee calailaied ysing\Bns 2t 4nd 3Bafa

ted ted. f o
01 abal SD bi YLRARFERERH FF R b b P e LSO TRCRL b S hepl (e

wer e correct ggiofl efid £ vdlbe ¢ z,rmasltslcn]gteti laetha sgopf ¢1hm=sts duosw%%@di wbodeof the

Exanpl e 5. 5Appligcants ese ni
of any oxanbiEe P RRtne taHeRCE el AR RS R e At Bl e

per f orjsed angy. ussdve. Fuirthis exampt, tieowbies bihe aned Ao cere @wtsee@mamud 18,
devi ces disclosed herein are primarily used in conjunction with

det er m ni ng BSREBHEENt rati on of an analyte of a bl ood sanple, and are
primrily fOCUSedrlﬁﬁﬁr@%ﬁﬁuwdoﬁ@nfrmon@wsmes chateddaniewesuliet filf tipef the

varying fitl satn‘lpgaeasécoafglglg L SUSE 3487 1 ABRPIRYSE! Lk 1158, Ho99 %0 IR 88 two threshold
values of FT, Th, and Th, were 0.2 seconds and 0.4 seconds, respectively. As will be
20 discussed in the following examples, Applicants found that the resulis of glucose
measurements corrected in view of fill time according to Eqs. 14A, 14B, 15A, 15B, and

15C improved accuracy resulting in a lower bias from reference data.

EXAMPLE 6

25 The dependence of bias from reference values of concentration on the fill time of
samples is demonstrated in this example. Samples with a range of hematocrit from about 0
to about 70% were tested using FAD-GDH sensors according to the algorithms discussed
above, but were not corrected for fill time. FIG. 12 shows that the bias of samples from
reference values of analyte concentration was dependent on the fill time of the sample. For

30 example, as shown in FIG 12, the bias of samples was increasingly negative as fill time

increases. In other words, the accuracy of uncorrected values of analyte concentration



10Applicants note that the disclosures contained herein can also be
used for a variety of other sanples containing anal ytes and can test
for a variety of antigens and/or antibodies contained within a

sanpl e. Applicants note that to the extent various nethods,
systens, and devices rely on a particular equation, the equations
provi ded are generally based on the exanples to which 15 the
equations were applied. One skilled in the art, in view of the
present disclosure, will be able to nake _adjustnents to the discl osed
equations for other situations w thout 'dd’éﬁarti ng fromthe scope of

t he i nvention. Sti,l |l _furthers., h ol : e ;
such as t hoSEoPasPd foX FpRies st rorl%gtﬁiﬁrllld}nge%b gﬁ%"éﬁltgfr% alttg%l gﬁéﬁﬁ g‘%& E?éri%gé ?ﬁ%ﬂ bies
systens and odeM fileSme af erglieso not |imted by the particular steps 20
or order of the steps, except where indicated. One skilled in the art
wi ||l recognize various orders in which the nmethods can be perforned,
and fusther, w | EX»pigihi’ze t hat steps can be nodified or added

wi t hout departing fromthe sco of the i ' : = ot fA
exanpl es of somqu? ”’E‘I?{Bvecﬁeﬁg’fesﬁglbgeéo%lp bit ec\{}%{%e}lfsaiy\?ﬁoﬁm%ria%%mﬁleéwrrﬁ%lotg%
di scl osed hag @inore@atedin this exhnaple RIGs 1 deuvsite sgme detesetde shovin in F1G 13,

Patent No. 255,942,102 qof dges et .al.. nt ighechn eTedal=Tas Hoy-Th
Met hod" and I??qeg&g%wté&ﬁ]e?%fggﬁge@f © Sg’alﬁlgghtﬁhb%%gf%, 42%$of Hodges
et al., entidotaed WHes dierdache toremated Gevibw ofifild tifne lhexprding WERAS1BHA, 198 3A,
U. S. Patent . 6,379,513 qof . r : [ 1 ] d
Connedfi on I\ggn%“d %ﬁd a'?qvleeg‘s 6@%&%‘?@%@% 1% amig.g% ,tﬁ%fq%?al g%[bzaﬁt “Ro.

6, 475, 360 ofpdiodges 5 gtafiad the detatiat tettcltdHEatiifldingel. dtms,cotesting &ir fdidine

and filed on Septenber 11, 2000, U.S.. Patent 6, 632, 349 of
Hodges et al%cc%’fﬁ‘f‘f%ttq @a a%qlf@ﬁfﬁﬁ‘gﬁ’?s@rglé%e%lppm‘éeﬁgg ?lllr%C d on July 14,
2000, U. S. Patent No. 6,638,415 of Hodges et al., entitled
"Antioxidant Sensor” and filed on July 14, - 47 - 2000, U S. Patent
No. 6,946,067 of BAtELEStal ., entitled "Method of Fornming an

El ectriscal ConneghdoReBaicwasyudiy fl tak cathan nalclifiehl seaing isdeMensgated by
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9, 2002, U.S. Patent No. 7.043, 821 of Ho -
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10sone confi gurat i ong thahe SRAmBGIgUSMEL W th the present disclosures
i ncl ude sensors havi ng

EXAMPLE 9
The data in the previous examples were obtained at 50 ms data density (i.e., one
25 current value was stored every 50 ms). Better resolution in fill times can be obtained with
faster data storage, e.g., 10 ms data density, as shown in FIG. 15. FIG. 15 illustrates the
current transients obtained when blood with hematocrits in the range of about 15% to about
79% was loaded into sensors. FIG. 16 illustrates fill time data calculated from the data of
FIG. 15. FIG. 16 shows the raw fill time values as open diamonds, the mean of 5 replicates
30 as filled squares, and = 1 SD as vertical bars. As shown in FIG. 16, the fill times ranged

from about 0.06 seconds to about 0.32 seconds, with higher hematocrit samples filling more



two el ectrodes facing each other, sensors having two el ectrodes on

t he sanme plane, and sensors having three el ectrodes, two of which are
opposed and two of which are on the sane plane. These different
configurations can occur in any nunber of devices, including

i mmunosensors and the other aforenentioned devices. 15Various aspects
of the devices, systenms, and nethods can be adapted and changed as
desired for various determ nations w thout departing fromthe scope
of the present invention. Further, one skilled in the art wll

aﬁpr egl ate further features and advant ages of the invention based on
t he above- de crlb e rggﬂg} (o]
be limted bi/ V\,ﬁat {ﬁ% dd{arP r&ten 19 S og\ksﬁggzg%déo pélg{;:grs{e g&gélﬁggz(ﬁ:’%é&e
as i ndi cat edglil Sﬁé:iaz(daq:rpﬂmtlﬁdmél(mwm 71 Aftdcr thpuhdosavdlens svepsebrrected for 1ill
ref erences Clted aiE S ted herein b
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met Eod sfig deter mppllmtﬁiwﬂ:ﬁﬁlaiemsﬂ amr: exmrtpﬂesarf: Iacrab'yme dfmaay sxamplles of hdve
met hod conpr roduci c

into an el ec 4’? oé‘%llénrﬁs 3?talge4]$erei¥l ‘G S%Pi‘%gﬁg Uéze?nh:glgﬁ&gdhﬁ&gtﬂ 8 lifods,
el ect r ochen wakme ehd dévass ﬂgclasaddmteurmge ﬂdixamily @sh@ im n@hjlalccomwttb determlnmg a
el ectrode; determning a f e.s | e: cal t .
prepul se ti n® N %'oé’\/ﬁ ‘e)g%ge? Pel’ fmcﬁqp ?mar?l? f&"%%p‘%“&rg %“g“‘é“r% for
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el ectric potential tween ﬁhe wor ki ng el ectrode and the counter

el ect rode ascoﬂlﬁépegé” Te? 48Pt r oduced:

Applicants note that to the extent various methods, systems, and devices rely ona

particular equation, the equations provided are generally based on the examples to which
15 the equations were applied. One skilled in the art, in view of the present disclosure, will be
able to make adjustments to the disclosed equations for other situations without departing
from the scope of the invention.
Still further, the methods discussed herein, such as those related to determining a
concentration and using the systems and devices, are also not limited by the particular steps
20 or order of the steps, except where indicated. One skilled in the art will recognize various
orders in which the methods can be performed, and further, will recognize that steps can be
modified or added without departing from the scope of the invention.
Non-limiting examples of some of the other types of devices with which the
methods disclosed herein can be used are discussed in greater detail in U.S. Patent No.
25 5,942,102 of Hodges et al., entitled “Electrochemical Method” and filed on May 7, 1997,
U.S. Patent No. 6,174,420 of Hodges et al., entitled “Electrochemical Cell” and filed on
May 18, 1999, U.S. Patent No. 6,379,513 of Chambers et al., entitled “Sensor Connection
Means” and filed on September 20, 1999, U.S. Patent No. 6,475,360 of Hodges et al.,
entitled “Heated Electrochemical Cell” and filed on September 11, 2000, U.S. Patent No.
30 6,632,349 of Hodges et al, entitled “Hemoglobin Sensor” and filed on July 14, 2000, U.S.
Patent No. 6,638,415 of Hodges et al., entitled “Antioxidant Sensor” and filed on July 14,



measuring cell current as a function of tine; and determning a
current drop time based on cell current as a function of tine,
wherein the current drop tine corresponds to the fill time of the
sanple. 3. The method of claim2, wherein determning a current drop
time is achieved by cal cul ating the maxi mum negative val ue of the
change in neasured cell current over time. 4. The method of claim 2,
wherein neasuring cell current as a function of time conprises:
perform ng current measurenents approxinPger every 2 mlliseconds;
and cal cul ating and storing an average current based on the current

measur ement rsztoﬁgﬁig.’éﬂr?p%% RoYo 546361 ob Blolfdds ki A0S v Binod BEr RO Eilenica

claim1, fu r1 sl ng: termnrng a aematocrit in
the sanpl e iGonvieaion Bktweae at ElebirachamicalfCellpd ¢ Mepar and filadon Becemppar 9, 2002,

met hod of cl.ai e e 1, d el ] e
conprises c a‘?‘g @az‘?“.t #é fﬁjéf%% notggfr?t %i %}%Hgdo ?ﬁg&aﬁlﬁdf ?%hﬁho%ﬁ%@&?é %f%e
dﬁt er misned | @apélarsodr WinkimgtFit Dievice aind Tited onipkibdl 2603.¢hd iUk Patepiile- i44 1,820
the sanple a zi ng_devj.ce . i o : hod
of ol aim 1, VB TOph S BB RAR Ao AR ARISE Ukfor Bo0hEeclel 1O
i MMuNosensorwhith is ikebyrbktipdratfl by Ireferenck in Whentikdtn t he sanpl e conpri ses
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having a particular configuration, any number of configurations can be used. For example,

10 some configurations that can be used with the present disclosures include sensors having
two electrodes facing each other, sensors having two electrodes on the same plane, and
sensors having three electrodes, two of which are opposed and two of which are on the same
plane. These different configurations can occur in any number of devices, including
immunosensors and the other aforementioned devices.

15 Various aspects of the devices, systems, and methods can be adapted and changed as
desired for various determinations without departing from the scope of the present
invention. Further, one skilled in the art will appreciate further features and advantages of
the invention based on the above-described embodiments. Accordingly, the invention is not
to be limited by what has been particularly shown and described, except as indicated by the

20 appended claims. All publications and references cited herein are expressly incorporated
herein by reference in their entirety.

What is claimed is:



11. An el ectrochem cal system conprising: an el ectrochem cal cel
having a | ower el ectrode and an upper el ectrode; a neter
connected to the electrochemcal cell so that the neter applies a
potential between the | ower electrode and the upper el ectrode of the

el ectrochem cal cell; and a conmt4Ssl unit connected to the neter
so that the control unit determnes a fill tinme of a sanple
introdq§ﬁgnh§10 the electrochem cal cell and uses the fill tinme to
cal cul at'é¢ a Concentration of an analyte in the sanple. 12. The

el ectrochem cal .systemof .claim 11, further c rising,a heatin

ol enent-conts GEHEH T Hrdaiag s FulghvaionaE £ wiaTeF m hE IS A BN cal
cell. 13. Themgliewksr ochem cal system of claim 11, wherein the

el ectrochem cal cell conprises an irnnmunosensor. 14. The

el ectrocheni cal d¥iEdspingf samalerasdingaepnsyie ttean patirrshenisalcel of g sapple
conpri ses: LS 4hd: QUi : S i I d
fo Bn enzyma"iFEE CLyiR fe GRRAERnERTR bl R0s 0uB L BAe AT sadhe

t he | ower eledsctrpdegde and dri ed; a second liquid reagent
conprising ferricyanide, a bstrate for the enzyne, and an

el ect rocheni cal ﬁé%VBW8F=%ﬂﬁ§”ﬁfﬁ F€3Q8kd sol ution, the second Iiquid
reagent being st chipediinna bReulsovre iielestoradeaandt f©ir iigd;

magneti ¢ beads conjugated to,an antjgen, tRe magnet i c beaqi bei n
striped on the u@a@wn&8@&4%‘&@%%1&5?%%“& Rivagmne electigge ancythe SBWet or

di sposed betRePdd fof a |QMRT otk LRBEK 18 SEHNISORRe; and a reaction
chanber forned in the separator and having the first reagent and the

magneti ¢ beads cdajeugiinge tacetiwtianef geanaiteposed t herei n; a
detection chanber formed in the separator and having the second
reagent di sposed therein; a fill chanber formed at | east

partialdy i mMhehetiseperchtiar, andreondetatitihga hidwete @hbe stppee ceh@eses odes,
spaced a di stance omthe detection cha

art f er, and overl appi ng
at least a porti 6‘H€]§F]gtaﬁéeqercggcﬁqt%'atkwé‘?ﬁf@r{?e WOH(?Hg electrode anc? the c&?nter
electrode as the sample is introduced;
measuring cell current as a function of time; and
determining a current drop time based on cell current as a function of time,

wherein the current drop time corresponds to the fill time of the sample.

The method of claim 2, wherein determining a current drop time is achieved by

(8]

calculating the maximum negative value of the change in measured cell current over

time.

4. The method of claim 2, wherein measuring cell current as a function of time comprises:
performing current measurements approximately every 2 milliseconds; and
calculating and storing an average current based on the current measurements
approximately every 10 milliseconds.

5. The method of claim 1, further comprising:

determining a level of haematocrit in the sample in view of the fill time of the

sample.



a vent forned at |least partially in each of the separator, the | ower

el ectrode, and the upper el ectrode, spaced a distance apart fromthe

reacti on chanber, and overlapping at |least a portion of the detection
chanber; a first sealing conponent having an incorporated

anti coagul ant coupled to one of the | dfer and upper el ectrodes,

di sposed over the vent, and configured toforma wall of the fil

chamber,. and ,%%%?hgf d

nt:. and . a .second sealing.co nent .
Soupl o't o t N5 Tar har ot Nisteln detsraipparoise it R e d B Sy rister
the vent, andlcabrifig gigroedcdnarag@ndf thhgnahenin vidd of aelertBidtd Gablesr cal
system of claim 14, wherein the first sealing conponent conprises a
hydr ophi | i ¢ 'R8&&Fle tape. 16. The el ectrochenical system of claim
14, wherein at |east one of the inmunosensor, the nmeter, and the

cont r ol 7.uni tTHengdihisteo 1 GMNT, wghdfedt the Barh fle BRAFANEd&VidcQIIRREadsW Buse tdiSor.
sanple. 17. The el ectrochem cal systemof claim 14, wherein the

anal yte co ises C-reactive protein. 18. The el ectrochem cal system
of claifn 1%%%?'@94@@?@%&%?@% ﬁﬁ%méééfl%%%devmcoméses an

el ect rochemig@luns¥stgm of claim 18, wherein the bl ood conprises whole
bl ood. 20. A nethod for neasuring a blood sanple, conprising:

provi ding: an i munosensor having two el ectrodes; and - 51 -

a net er?- connldétedhadoefichdm lnfiiasgethe sample comatises Awoget er applies a
potential between the two el ectrodes of the hnnunosensor;

i ntrodugl ng @kl aRd SRMRN®, WhelUihBg1aa cé‘:ﬂblii%@vll'orétﬁ?ocgd?e

i munosensor; applying an electric potential between the two
el ectrodes; calculating a fill tinme of the bl ood sanple; and
det er m i ng 4 Yeritoshn el ypfews CUMEIsHi® i gen in view of the fill tine.
21. The nmethod of ,6lakid@mi ML el idd oMY ARS0 808 ad WEQE trode;
conpri ses: aaereéctlg% cﬁaﬁ%g} an8 gmcvletectllonacﬂ{“;f)te er forted in
a separator di spesederbenweén it e deutroeheadtal odlésg that the meter applies a potential
between the lower electrode and the upper electrode of the electrochemical cell; and
a control unit connected to the meter so that the control unit determines a fill time
of a sample introduced into the electrochemical cell and uses the fill time to calculate a

concentration of an analyte in the sample.

12, The electrochemical system of claim 11, further comprising a heating element configured

to heat at least a portion of the electrochemical cell.

13.  The electrochemical system of claim 11, wherein the electrochemical cell comprises an

immunosensor.

14.  The electrochemical system of claim 13, wherein the immunosensor further comprises:

a first liquid reagent comprising an antibody conjugated to an enzyme in a buffer,
the first liquid reagent being striped on the lower electrode and dried,;

a second liquid reagent comprising ferricyanide, a substrate for the enzyme, and
an electrochemical mediator in a dilute acid solution, the second liquid reagent being
striped on the lower electrode and dried;

magnetic beads conjugated to an antigen, the magnetic beads being striped on the

upper electrode and dried thereon;



a fill chanber at least partially formed in the separator and one of
the two el ectrodes, spaced a distance apart fromthe detection
chanber, and overl apping at |east a portion of the reaction chanber;
and a vent at |east partially formed in the separator and the two

el ectrodes, spaced a di stance apart frdm t he reaction chanber, and
overl apping at |east a portion of the detection chanber; the nethod
further conprisi : i, di Swan anti body-enzyme copjugate in a
first buffer and%ﬁsaeaﬁéttg}/!ég%%ggggwe%kéﬁ? Véé{ﬂgﬁdgéiﬁlﬁéaﬁ&{)%%a second
buffer in the reaatimionchantefyrniedrin ilewapiraer; anglHagdgehe ARdreagdmeatidthor
inadlute acid.ipn the detection chanber; a first seal over a first
si de of the TRFYE H%?fisf:%'rﬁat Qe ar@tgeqﬁépqqu thetinber: and a second
seal over a secondiesdctén SfanitRefot@BYE in W S5ldorahd he@ak iR L eeRf

t he bl ood sanple noves fromthe fill chanber to the reaction chanmber
when i nt r odutipegeddheiedod sanpl e into the i munosensor; openi ng

the vent after a aml?'kg%bt%f]mrﬂgﬂj al;lHEg B\ﬁ?rﬁalﬂ; B &%al‘a{ofr laﬁﬁgﬁ%ﬁffgﬁe Rlvel

first and second sea? er eby ng "port1 ons o od sanple
cont ai ni ng tupeerariddtiodely sprozd mdistiorg apgetfont thatdeiestionothabnbondnd ovetlapping at
magneti c begds to nove {hg_th det ecti on chanber; - 52 -

catal yzi ng %SH%P?I&’R“é}F ﬁ%achTjﬁ ®n the detection chanmber, which

results in the farventfoffiedit [ERF pAEMBNKARH of thedePlaf®ARE WveakleYtrode, and
detecting a current fromthe ferrocyani de; and determ ning a i
concent r at i She WIPet plactinste; pared ndistRecePas oauiip raction gieeiang perlapping
si gnal det ec} @yt IRl MRS BQ6kRh cRA AR 20, wherein calculating a

fill time further conprises: applying an electric
potenti al bet ween firbisesingidongpoatrd btivioglen amorppraeedcatintagnlaet @opled deomesof
the sanple itﬁe -onwtelr' 5?;%“ &p%%l" electrodes, disposed over the vent, and configured to form a wall of
the fill chamber and seal the vent; and
a second sealing component coupled to the other of the lower and upper

electrodes, disposed over the vent, and configured to seal the vent.

15.  The electrochemical system of claim 14, wherein the first sealing component comprises a

hydrophilic adhesive tape.

16. The electrochemical system of claim 14, wherein at least one of the immunosensor, the
meter, and the control unit include a configuration to measure a temperature of the

sample.

[7.  The electrochemical system of claim 14, wherein the analyte comprises C-reactive

protein.
18.  The electrochemical system of claim 11, wherein the sample comprises blood.
19.  The electrochemical system of claim 18, wherein the blood comprises whole blood.

20. A method for measuring a blood sample, comprising:
providing:

an immunosensor having two electrodes; and



measuring cell current as a function of tine; and determning a
current drop tinme based on cell current as a function of tine,
wherein the current drop tine corresponds to the fill time of the
sanple. 23. The nethod of claim 20, further conprising

determining a |l evel of haematocrit in e sanple in view of the fil
time of the sanple, wherein determ ning the concentration of the

antigen is perforned 'ﬂn%t%ﬁ%v\ﬁgctém ?f 9&1@011 SVifike 01 m@%g&%ﬁ% I t

24. The nmethod of claim ereln e an I gen conpri ses reac
prot ein. 25.pokneiahiettwesh thé tved electrdd®s off the trhvannaemspr;i si ng: neasurlng a

t enper ature of th thod for etermning a
concentration of C‘a‘ﬁéﬂgﬁ 3”%)415&‘81@%??@#1 I’gﬁﬂénWH%atbeo‘HﬂW@g?{@o'
detecting a pres&tpggm(gfarid]@:tls@pﬂlbrﬁial betaBerethe6ld Oefisdegal sensor, the
el ectrochem cal sepsor. conpri si two el ectrodes deternlnlng a fil
tinme of the sanpﬂ@*ﬁﬁ?ﬁgﬁ%gtﬂﬂﬁogﬁ%Ebpééﬁﬁpeﬁﬁﬁculat|ng a correction

factor in view ofjegdmiiBRsh cérﬁ@ntfdtlloll 0Hl1@'%nt;$&qm/leﬁgoﬁﬂe Algnpte to

cause a physical transformation of the analyte between the two
el ectrodes; and deternlnumf the concentration of the analyte in view
of the &lorr ebteimeihedie drimdl phetein e ramppeseesos firthetieymprises:s3 - 27.

The method of cl %&&%n c%ﬁEeq'aﬂ g%&t@étmnryh%\gb«%lnﬁﬁ]ﬁ%il 11 as%;%a‘%tﬁlfe dl%gvbéed

sanpl e conpri ses: app ying an e ectric pote Ween
el ectrodes wkiwentthetveagipltedes i ntroduced; neasuring a current as a

function of tine,; q}_ - de pl a current dro tlne Fased on
the current as a affﬂﬂ% s %tfleels% &I\[}fn{élﬂﬁ?%‘“ {1| Se@ﬁrta];oéﬁ d groy i
corresponds digtob&, ffakéd 4 HigRneS aﬁah@’roﬁﬁﬂi@ ldetection chamber, and overlapping at least a
portion of the reaction chamber; and
a vent at [east partially formed in the separator and the two electrodes, spaced a
distance apart from the reaction chamber, and overlapping at least a portion of the
detection chamber;
the method further comprising:
providing:
an antibody-enzyme conjugate in a first buffer and magnetic beads
linked to an antigen in a second buffer in the reaction chamber;
ferricyanide, glucose, and a mediator in a dilute acid in the
detection chamber;
a first seal over a first side of the vent that forms a wall of the fill
chamber; and
a second seal over a second side of the vent,
wherein at least a portion of the blood sample moves from the fill chamber
to the réaction chamber when introducing a blood sample into the
immunosensor;
opening the vent after a pre-determined time by piercing at least one of the
first and second seals, thereby allowing portions of the blood sample containing
the antibody-enzyme conjugate that is not bound to the magnetic beads to move to

the detection chamber;



28. The nethod of claim 27, wherein determning the current drop tine
conprises cal cul ating the maxi mum negative val ue of the change in the
measured current over tine. 29. The nethod of claim 27, wherein
determ ning the current drop tine coqghtses calculating a difference
between at | east two current values whiére the difference is greater
than a first predeterm ned threshold. 30. The nethod of claim 27,
wherei n determ ni ng tBgaKHihg@RIda6PBr hé BRcERMPIHe 38R GH &HIA‘@ £, WBich results
di fference between at |east two current values where the difference
is less than a sétbndopratigapefasonesdidenr eshol d. 31. The met hod of

claim 27, wherein det j . t i onnr.i Ses
cal cul ating a sl ope iEkghgmgggégfg%géﬁéggWH%ﬁgh%hPﬁnc¥| A6 ’??nﬁ
where the slope is grdeemnintngarcoacdniratich gitbdatieenimdd bided eshpik th vidd.of
The net hod of Clﬁ%ﬁ127 dmhgngin determ ning the current drop tinme
conpri ses cal cul 815 WPh9€FEEE in the neasured current as a function
of tinme where the slope is less than a fourth predeterm ned
threshd2d. 33Be mBtedndichod 20f whdrainraRidlatind e fidtitimeditRérmtoRiphgest he

current drop tinme conprises calculating an inflection point in the
measur ed current a&'@y‘ggiaﬂ ﬁﬁeﬂrﬁrpoliﬂ““f‘ i br?é".geeéﬁf’?e Toi&ingelgriadpandoihe peHnie,

in whi Glectrbé: deheshigistiigodc&sence of the sanple conprises: applying
an electric potential between the two el ectrodes, and neasuring a
change in currenmegglriigsell parent gs gfunatier ofithegi2adfi ft h predet er ni ned
threshol d. - 54d'te§i§nin Q%u%ﬁmgp ﬁlfne%gﬂ'd%%gi’l CL'nJi)enWﬁé gﬁm hgn gfeﬁl C.t Ing
the presence of t%e sanpl e conpri'ses: applying an electric poten%lal
bet ween the two elheeiribdesreradcbpreascoriengonds chhndd tinte cfithe emiplyal ues
that is less than a sixth predeterm ned threshold. 36. The nethod of
claim 286, I i t cti t he .presence of the sanple
conpriégs: gB%P%@%B‘g%ﬁﬁﬁgﬁﬁiﬁggéﬁﬁ?Pgﬂg current between the two

el ectrodes, and demasiuinigngeve! chiargatdcrit RNhebailE ircvieebeMeifal tihdat thk s
greater than a seventh predeterm ned threshqgld. 37. The nethod of
claim 26, i fWHFCHIGERErETRG! EHhe presrirrtion of thepatigeinp e fuBlg i Ky of the
appl yi ng a qgemghiatd bvaUTShaRioGHr rent between the two el ectrodes, and
measuring a change in an electric potential that is |l ess than an

ei ght h predeterm ned threshol d. . ) ) ] _
24.  The method of claim 20, wherein the antigen comprises C-reactive protein.
25.  The method of claim 20, further comprising:

measuring a temperature of the blood sample.

26. A method for determining a concentration of an analyte in a sample, the method

comprising:

detecting a presence of the sample in an electrochemical sensor, the
electrochemical sensor comprising two electrodes;

determining a fill time of the sample with the two electrodes;

calculating a correction factor in view of at least the fill time;

reacting an analyte to cause a physical transformation of the analyte between the
two electrodes; and

determining the concentration of the analyte in view of the correction factor with

the same two electrodes.



38. The nethod of claim 26, in which detecting the presence of the
sanple is performed by a m croprocessor of an anal yte neasuring

machi ne. 39. The nethod of claim26, in which reacting of the anal yte
generates an el ectroactive species th is neasured as a current by
the two el ectrodes. 40. The nethod of"tlaim 26, in which the two

el ectrodes conprise an opposing faced orientation. 41. The nethod of
claim26, in which the two el ectrodes conprise a facing orientation.
42. The nethod of claim 26, wherein the el ectrochem cal sensor

conpri s¥s a Tleucoke @MM264®helEthalmmhﬁnE e figll t‘ahem)ﬂt& samge edampnislee

el ectrochem cal sensor o rise i sor

clai m 26, wherei iPP ngsagr%c 1% Eléeg WHY &E?j W°4%e°tpﬂq83 WE&% SS%FPEF%. m
26, wher ei n ihfagdusadipl € conpri ses vvhol e blood. 46. A nmethod for
measuring a corrected, anal yte concentration, the nethod conprising:

- 55 - det @&aﬁwglga?w@ﬁb%@efuaﬁmwét%nﬁ}de in an el ectrocheni cal
sensor, the el eCtd%féﬁﬁﬁxrﬂgcaaéurFeﬁf‘&% nﬁ%rﬂaééd%nrlﬁe EMPen%f&ﬁﬁ@ Tsof’t]me
determnlngafl | tinme of the sanple wt ectro

reacting an vdradiytle quoegalisptimephysipoads to tlErfﬁf’mlnﬁaf fhesammplet he
anal yte; determning a first analyte concentration in the sanple with

the sang t Wofh%llﬁeqlwaoéjf%%im%gwherein determining the current drop time comprises

calculating the maximum negative value of the change in the measured current over time.

29.  The method of claim 27, wherein determining the current drop time comprises
calculating a difference between at least two current values where the difference is

greater than a first predetermined threshold.

30.  The method of claim 27, wherein determining the current drop time comprises
calculating a difference between at least two current values where the difference is less

than a second predetermined threshold.

31 The method of claim 27, wherein determining the current drop time comprises
calculating a slope in the measured current as a function of time where the slope is
greater than a third predetermined threshold.

32, The method of claim 27, wherein determining the current drop time comprises

calculating a slope in the measured current as a function of time where the slope is less

than a fourth predetermined threshold.

The method of claim 27, wherein determining the current drop time comprises

S
L

calculating an inflection point in the measured current as a function of time.

34.  The method of claim 26, in which the detecting the presence of the sample comprises:
applying an electric potential between the two electrodes, and

measuring a change in current values that is greater than a fifth predetermined threshold.



calculating a corrected anal yte concentrati on based on the first

anal yte concentration and the fill time. 47. The method of cl ai m 46,
wherein the step of calculating the corrected anal yte concentration
conpri ses: calculating a correct§on factor based on the fil
time, wherein the corrected anal yte concentratlon i s cal cul ated based
on the first analyte concentration and the correction factor. 48. The
met hod of Cl'lqierﬂlé]tl?od Wlﬁl‘% ?rhﬁiu@ﬁ’ﬁfe%{eb@lfg 1@1@?%@&0@%@6‘s§1%§le%@91(&jﬂ=ises:
zero when the fill time is less than a first 'l time threshold. 49.
The met hod @fppb/llmmdleptrlmméiahbqtmerttbc Peeelegrodeaendr is cal cul ated
in view of t

Fill tine tﬁ{;'egdgwn}gjha El{a m%ﬂetltg%l%!; sdg'(:: 0 %‘E ftﬂaﬁlagsﬁﬁﬁéﬁedﬁttengﬁe éwés&%ld
The net hod of cIa|n147, mhereln the correction factor conprises a
const ani6. val e mdtlesd afivdaimi 26L i:t\ivhnieh tls dgteefzizr@uhe pieagnca of decmapicbmptisaye

threshold. 51. The r n the step of

cal cul ati ng PRE mcgoar?eé’gltagﬁ C%'}féqryf%”e%ﬁ%:tgﬁ?l}tgf t%%d(‘f‘%tﬁ%fﬁis’sagg cal cul ating
a sum of theneeifigcd ieAgd Ath@lecaithdiditiaf thiSt gl tHak a GoRatPredkdr@inddn
the sanple when the first anal yte concentration in the sanple is |ess

than a thredh§i®!dal ue. 52. The nethod of claim47, wherein the step
of calculating the corrected anal yte concentration when the first

anal yt e37conCceRtni i d ot dldimt 88 inSmBh @etbe&m@rﬂﬂ;a;slsgenééﬁ@m@s& ie8hRhikey-al ue
conprises: dividing the correction factor by one hundred and addi ng

one to give agplyingseeeneially st aureent ytperniie two electrodes, and

measuring a change in an electric potential that is less than an eighth predetermined

threshold.

38.  The method of claim 26, in which detecting the presence of the sample is performed by a

microprocessor of an analyte measuring machine.

39.  The method of claim 26, in which reacting of the analyte generates an electroactive

species that is measured as a current by the two electrodes.

40.  The method of claim 26, in which the two electrodes comprise an opposing faced

orientation.
41.  The method of claim 26, in which the two electrodes comprise a facing orientation.
42.  The method of claim 26, wherein the electrochemical sensor comprises a glucose sensor
43.  The method of claim 26, wherein the electrochemical sensor comprises an

immunosensor.
44, The method of claim 26, wherein the sample comprises blood.
45, The method of claim 26, wherein the sample comprises whole blood.

46. A method for measuring a corrected analyte concentration, the method comprising:



multiplying the internediate termby the first anal yte concentration
to give afill tinme corrected anal yte concentration. 53. The net hod
of claim46, wherein determning the fill tinme of the sanple

conprises: applying an electric potential between the two el ectrodes
while the sanple is introduced; neasué?ﬁg a current as a function of
time; and determning a current drop tine based on the current as a

FT time of the Sangled MEee FLRE SRpIEOR qIBarataRRRDEmd © the
det er m ni ng eteheodhemi@hsendergpmprisiegcwoplects@ss cal cul ati ng t he maxi num
negative val ue of, the cha i n e nmeasur. current aver tinme. 55.
The et hod of - of APFTEsEAEF iR ob e sPRRR i R e ar op t e

conprises cal cul adactgy @ dhafyiefoRace Hetyweanraatiohtaih drie Suliegnt

val ues where the difference is greater than a first predeterm ned
threshol d. 56. THE#CHEKER Tyt 3(‘9?8(?%058‘?““&%%‘? i the haiRds Mithithrgramgdwo
current droptidRsCHAPri ses calculating a difference between at | east
two current val ues where the difference is | ess than a second

pr edet er m ned t hedsHalling a ®FrectEd @nafite vonceofratiindiand®, thoviest enaiyte

determ ni ng Bﬂ%nﬁﬂﬂk%ﬂﬁtﬂiﬁpﬁ%i”E conprises calculating a slope in
the measured Current as a function of time where the sl ope is greater

than a third predeterm ned threshold. 58. The nethod of claim 53,
wher ei d7det ghenmeiling of hiaic 46y eidreid tlopsted ofeakcolpng tesoveattedidiatyitag a
slope in the meas red current as a function of tinme where the slope
is |ess thaﬁmgePH#FPﬁmgwgaﬁternined threshol d. 59. The nethod of

claim 53, wherei palélgi@igd dirRgtidrhRcoHbiseNbn tHedR! fih By ISR Eies®Srected analyte
calculating an inflection point in the neasured current as a function

of time. 60COMFRRIHIONAberialated Basad ap theifstamplyts coBsaabpiivaidibe ettt e
of the sanpkgigonprises: applying an electric potential between the
two el ectrodes, and

48.  The method of claim 47, wherein the correction factor comprises about zero when the fill

time is less than a first fill time threshold.

49, The method of claim 47, wherein the correction factor is calculated in view of the fill
time when the fill time is greater than a first fill time threshold and less than a second fill

time threshold. .

50. The method of claim 47, wherein the correction factor comprises a constant value when

the fill time is greater than a second fill time threshold.

51.  The method of claim 47, wherein the step of calculating the corrected analyte
concentration comprises calculating a sum of the correction factor and the first analyte
concentration in the sample when the first analyte concentration in the sample is less than

a threshold value.

52.  The method of claim 47, wherein the step of calculating the corrected analyte
concentration when the first analyte concentration in the sample is greater than a
threshold value comprises:

dividing the correction factor by one hundred and adding one to give an



measuring a change in current values that is greater than a fifth
predeterm ned threshold. - 57 - 61. The nethod of claim 46, in which
detecting the presence of the sanple conprises: applying an electric
potential between the two el ectrodes, @and nmeasuring a change in
current values that is |less than a siXth predeterm ned threshold. 62.
The nethod of claim46, in which detecting the presence of the sanple
conprises: apphyddnge RrgesRral 1y constant current between the two

el ectrodes, and neasuring a change in an electric potential that is
greater than a s&véirlnngthedateapedisfe ermhydbhBrstanagge carsentrasion delgige a fill

cl ai m 46, i%ﬂ@ﬂdﬁ@ﬁgﬁﬁﬁﬁﬁk@&u%nﬁmRk?sence of the sanple conprises:

applying a generally constant current between the two el ectrodes, and
measuring a change in an electric potential that is less than an

ei ght h 38r eddihe mmitlmddb fichim $hotvhereig4leteThmingstht 68 tivfe ofithd sampe canprisks: ch
detecting t of . i s penfornmed m Cr.opr.0cessor.
of an anal yreP REEATARER pelolPaEOB S RERIRISREY R B R RCR REAREN
reacti ng of nidasurangal ontengenrcuadtds ofiimel /it r oacti ve species that is
measured as a current bé t$¢ two el ectrodes. 66. ghe,net od of claLm
46, in whi cHEEHBINNG GIEEt 8REmedaganse ShreghptsiuAg iqnaidene, wherein the
or i ent at i on cufght didRIABENRBpOHds & BleMikine bthvkingdlct he two el ectrodes
conprise a facing orientation.

54.  The method of claim 53, wherein determining the current drop time comprises

calculating the maximum negative value of the change in the measured current over time.

55.  The method of claim 53, wherein determining the current drop time comprises
calculating a difference between at least two current values where the difference is

greater than a first predetermined threshold.

56.  The method of claim 53, wherein determining the current drop time comprises
calculating a difference between at least two current values where the difference is less

than a second predetermined threshold.

57.  The method of claim 53, wherein determining the current drop time comprises
calculating a slope in the measured current as a function of time where the slope is

greater than a third predetermined threshold.

58.  The method of claim 53, wherein determining the current drop time comprises
calculating a slope in the measured current as a function of time where the slope is less

than a fourth predetermined threshold.

59. The method of claim 53, wherein determining the current drop time comprises

calculating an inflection point in the measured current as a function of time.

60.  The method of claim 46, in which detecting the presence of the sample comprises:
applying an electric potential between the two electrodes, and

measuring a change in current values that is greater than a fifth predetermined threshold.



68. An el ectrochem cal system conpri sing: (a) an

el ectrochem cal sensor including electrical contacts configured to
mate with a test neter, the el ectrochem cal sensor conprising:

(i) a first electrode and a second electrode in a spaced apart

rel ati onship, and (i) a reagerﬁ “and (b) the test neter

i ncluding a processor confi gur ed to receive current data fromthe

test stgip upn,ap éfccgé tn% B wiigh E&Q&% ttl?e es%n% (?ftthggarnﬁ & c@R%kises:

further c¢onfigure mne & Corfeeted ana con ration
based on a Qaablyuigainezdiecaﬁtaﬂaqmmatmmemthatwmﬂectrodﬁﬁ and and a neasured

fill time with the sane two el ect od S.. 69. The el ectrochem
System of CIEAHEE & QRBRLI FTRE LSt Tbisdrss HIBIARISE PHREHEInE Bgshold
cont ai ning an anal yte concentration threshold, a first fill time

t hreshodd, am@ neetlsCeMthiii 46| irkWwitieh Hété@ﬁl@@he(ble%ﬁce dihie &lngaé casheari:cal
system of claim 68, furs her conpri si n% a heating el erent configured
to heat at [3@BYINEA gHeKR iaﬁﬁmaﬁaﬂf AT B WF%‘I‘?@W%SF%(&%@P 71. The

el ect r ochem gak, %St @ah & indd 1@léalﬁ8poté4\{ﬂ§1rtﬁétns LRGep h%ﬁ%%%hﬁﬂ!r@@termz ed
sensor conprises a gl ucose sensor. 79. The el 8ctrocheni cal system o

cl ai m 68, wknediold.t he el ectrocheni cal sensor conprises an
i muunosensor. 73. The el ectrochem cal system of claim®68, wherein at

| east e Oof .
rocesent arttam R AR e hOR P BBy et R of TR Bl ElprlGs:,
The el ectr ocahphyizgaal gespatle norotant baiam Bﬁwewﬁée evameletteodanahyt e conpri ses

C 5. Th t heni cal. f.
uherain 1 ne eyt B PoaBI G aBEaT B il BT okl g om
of clai m 68 thpekilei n the sanple conprises bl ood.

64.  The method of claim 46, in which detecting the presence of the sample is performed by a

microprocessor of an analyte measuring machine.

65.  The method of claim 46, in which reacting of the analyte generates an electroactive

species that is measured as a current by the two electrodes.

66.  The method of claim 46, in which the two electrodes comprise an opposing faced

orientation.
67.  The method of claim 46, in which the two electrodes comprise a facing orientation.

68.  An electrochemical system, comprising:
(a) an electrochemical sensor including electrical contacts configured to mate with
a test meter, the electrochemical sensor comprising:
(1) a first electrode and a second electrode in a spaced apart relationship,
and
(ii) a reagent; and
(b) the test meter including a processor configured to receive current data from
the test strip upon application of voltages to the test strip, and further configured to

determine a corrected analyte concentration based on a calculated analyte concentration



77. The el ectrochem cal system of claim®68, wherein the sanple

conpri ses whol e blood. 78. The el ectrochem cal systemof claim®68, in
which the first and second el ectrodes conprise an opposing faced
orientation. 79. The el ectrochem cal g%ften1of claim68, in which the
first and second el ectrodes conprise aTacing orientation.

and a measured fill time with the same two electrodes.
69.  The electrochemical system of claim 68, wherein the test meter includes data storage

containing an analyte concentration threshold, a first fill time threshold, and a second fill

time threshold.

70.  The electrochemical system of claim 68, further comprising a heating element configured

to heat at least a portion of the electrochemical sensor.

71.  The electrochemical system of claim 68, wherein the electrochemical sensor comprises a

glucose sensor.

72.  The electrochemical system of claim 68, wherein the electrochemical sensor comprises

an immunosensor.

73.  The electrochemical system of claim 68, wherein at least one of the electrochemical
sensor, the test meter, and the processor are configured to measure a temperature of the

sample.

74.  The electrochemical system of claim 68, wherein the analyte comprises C-reactive

protein.
75.  The electrochemical system of claim 68, wherein the analyte comprises glucose.
76.  The electrochemical system of claim 68, wherein the sample comprises blood.

77.  The electrochemical system of claim 68, wherein the sample comprises whole blood.

78.  The electrochemical system of claim 68, in which the first and second electrodes

comprise an opposing faced orientation.

79. The electrochemical system of claim 68, in which the first and second electrodes

comprise a facing orientation.



