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-1- SYSTEMS, DEVICES, AND METHODS FOR MEASURING WHOLE
BLOOD HEMATOCRIT BASED ON INITIAL FILL VELOCITY 5FIELD

The present disclosure relates to determining a concentration of an analyte in
a sample, and more particularly relates to making a more accurate
determination of the concentration based on an initial fill velocity of the
sample. 10BACKGROUND  Analyte detection in physiological fluids, e.g.

sociey RS ElEACh 2sal0 M (B R e o 1EtEmoD
including clinical HEErETaDC R STiBA $ie M etd St T RLck IMh &E LtReCIgyults of
such testing play a prominent role in diagnosis and management in a variety

of disease 15conditions. Analytes of interest include glucose for diabetes
nrdBagement, cholesterol, and the like. In response to this growing

importance of analyte.detection ariety of analyte detectiop protocols and, .
devices HOPD R B e o AER WA e Ban AR LoR Aty in a
deanop ke |renhdde ete giertibelarbal alaliss etentedchgrasnat sersdordetemogitbmof the
EORRL A S0t peneors, RioeRAsISANG mmppgsensors. 200ne

RAPSCIET R b Brocu A LAR Sirect analfy)é e&tion is the hematocrit.

Levels of hematocrit can be vastly different amongst various people. By way

0 > limjti ample, a person suffering from anemia may have a

he'rﬂ‘ﬁ%déﬁ e%ﬁ)(f approximately 20% while a neonate may have a

hematodkitdéxtel détappooximpltslyi 65%i c&vitun dsa re e btladelnl daohdérevedmeoducts, is of
individual over riod of ti an have differ hematocrit levels, . .
S bR e K0 S e AR R AR s in vty
aoidayipticatigrtarinnludin g fféotoaiHabpeatimetess, Assoeitestingitietanalhere the results of

AR ARG 50 e B181L A NEARS Lol MBI 630 Mty of discase

important in ccurate analyte co terminations.
Goadvegna. whichytesyir giterelt oidiedeagheciose didietessaapig esnenbedwlesterol, and

e R e e e I SR A iy of anaive

plesaviioolprtSéparutideviess for both clinicad Aome use have been developed. Some

of these devices include electrochemical cellstedehemical sensors, hemoglobin sensors,
antioxidant sensors, biosensors, and immunosensors.

One characteristic of blood that can affect amatigtection is the hematocrit.
Levels of hematocrit can be vastly different amamngsious people. By way of non-
limiting example, a person suffering from anemiayrhave a hematocrit level of
approximately 20% while a neonate may have a hamatevel of approximately 65%.
Even samples taken from the same individual oyerand of time can have different
hematocrit levels. Further, because high hemadtoan also increase the viscosity of blood,
and viscosity can in turn affect other parametsesoeaiated with analyte detection,
accounting for the effect of hematocrit on a sanggle be important in making accurate
analyte concentration determinations.

One way in which varying levels of hematocrit iblaod sample have been
accounted for is by separating the plasma fronbtbed and then recalculating the
concentration of the antigen with respect to thastdd plasma volume. Separation has
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- 2 - been achieved, for example, by performing a centrifugation step. Other
ways in which the varying levels of hematocrit in a blood sample have been
accounted for include using an average hematocrit in a calculation or
measuring a hematocrit in a separate step and then 5calculating the
concentration of the antigen with respect tq the plasma value. These
methods, however, are believed to be undésirable, at least because they
involve unwanted sample handling, take additional time, and lead to . :
AN B L cetoh e TRATLG G Ao IBET vays in which the
evatyimgrientdsidfdiernatoptésareroaty zachpian dsemace auneghfimeinvipaet using an
on the accuracy of analyte concentration determination. 10Accordingly, it

e HE ORI R S M BT R RERAERte Step and then
coalcetdtatgptheneasueanatits thbthecaatigefonvebpels speotrplasrhheraltecrithese

leve|s and temperatures. It would also be desiraple to develop a way.to

TR HORREL e e el e Rsanles SRS R Bove unwanted
reeoyiz écticking vwakdddok idesish blado aley édapldostaptial drtans indafres final

2qeH rrar%(:’l'n%nalxtse (i‘—ounrfb(fnrt r?tir%n énreﬁjsrlérseme%?i}g&t a(ﬁ:oruenggcr)rr] alevgid?e analyzed can also
spec?(rum o?%ematocn Gevels BRA: emperatures R IHIE or TORe of thea Y

attevelam ésmine noleacp v ibeshc oippdiz aritaradyie aldoateno deizech it dn.

would also be desirahle to develgp a 2 to determine hematocrit levels
ey, oG ANE IR BN e CEl S IR G KeE rate analyte

foodettrahony radasustowittedinet eicadliod tbsaspletndfof Heteatonimdevels and

concentration of an analyte in, a sample. In.one exemplary odimentof a .
e T e R S S R kS TRl v
nagticty includes providing a sample of whole blood to a sample analyzing

device having a capillary space, 25measuring an initial fill velocity of the

sample in at least a portion of the capillary space, and determining a

heisitgiéR Value of the sample from the initial fill velocity. Measuring the

initial fill ) il ; . \ al : .
clectricA B A e BRRUE AR £ FEIEHERBRE JEEERI AT 1o obtain
cmmeatamaatmmemwarermmﬁmi_ed apasiieraEiysshoynt fdomilwidesgectrum of
f%re?r‘ié?&‘éﬁﬁ%%%'ﬁ??&‘?&’ﬁ%?%@agggﬁﬂ?gﬁ‘é%&%ﬂ}ﬁ%rﬁ%r?&'éﬁﬁ%?&é&%oted

on the current measurem ated. In another alternative
epnevidinséint, Apelisariisgiaedsilial filongoieddhaimdilatsddiecierjrahle 30- develop a

R B ABRETLaRM SA UARENSRE s metns
ealp@tineratnneasideifendaitanifingledigrostaddtsief eleathprnpiesaad for
e A S o A i BB timent of o
method for determining a hematocrit value of a weHabod sample, the method includes
providing a sample of whole blood to a sample aniatydevice having a capillary space,
measuring an initial fill velocity of the samplean least a portion of the capillary space,
and determining a hematocrit value of the sampefthe initial fill velocity. Measuring
the initial fill velocity can include applying aneetrical potential, measuring an electrical
current, and determining an initial current flom one embodiment, current measurements
are performed approximately every 10 millisecoratsat least approximately 50
milliseconds and an average current based on tinentuneasurements is calculated. In

another alternative embodiment, measuring theairitl velocity can include detecting an
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measured or inferred. The measured or inferred temperature can be used to
determine the hematocrit value of the sample. In one exemplary embodiment,
the sample analyzing device includes an immunosensor. In addition to
measuring a hematocrit level, the method can also be used to 10determine a
concentration of an analyte in a sample. FQr example, the method for
determining a hematocrit value can includée’calculating a concentration of the
ana%te in view of the dete#)mi 1ed hematocrit valye. This jan.gfe achiev(id f?lr fer th
B8 pgﬂ/ﬁ’] Ca AR dHEER YHEE IR Y ETRLY Sttt Aty after the
agpiyplg Emertethiscppitatiaspane ravestihgribenebectincemientabutichamgimitial fill
inc rn?er{lt over aﬁ% rioﬁ?l-,Of time can be mea%ur.ed 1 ﬁ}{llowin%lthe reversa ﬁfu |
&SRB RCE AR MG Fiie SAUIR G SR RPEn JE R RIE MGEP I RRTEE fhee sample
canayginbedeseart toyicaleldadie e cimt aigreti os géddesdnayipeatone of the sample can be
embodiment, a temperatyre of the sample can either be measured or .
GRS O e s S R L B SR S S g asgymine the
o éimatacadt Wed ueropdratsaenpl ¢hd isamplexeanpierpedoientatbelstnaple analyzing
ggnc%re\trﬁtipn of the.anal{yte. 20In an exemplary embodiment of a method for

e |

Syice | cludes an imm [1GSEN=0r. . :
ermining a concentration of an analyte in a sample, the method includes

providinbn aadditipretonohedisigy iy anadytatocskevelld Eiabd canddscbdd asied to

a working and a counter.electrode, applving an_electric potential,between

B A G e Sl & P RO Yo

sdetete)iamg) calvetsditog Bt cahoe ciationl ofl éheadmapit e ome@vr afi tineoihitiel diflalyte in

velocity, 25In,one embodiment, the initial filLyelocit n be, determined by :

R I R by apiying

isitice | Bt visl poite ized beeleterminad nytidd @rraiiergspplyinigltbaredettfiovpoténrtial, and

".’"él?ér%ﬂﬁre{ﬁ flgw)&% BSt ﬁf%{lmiﬂeccﬁ fﬂ#%)fﬁm% Q%ré? (g&i%g ﬁ,%%e&{n be measured

measuret%en?s approximately every % llliseconds for at least

dioficoxingatedy reverikiset trels)enidapaterdidiiating asu e Gupngodareentent over a

PBERSG e R s e el eaalhRE AR L
ocity can bé determined by measuring an initial current after applying the

etsohigimentpetéenle teteehihg sdeveleothie disteceaitad samfgeeahdin such an

r [ electri i e ' C

0 e e LA L e U REBBR A AR et BSrarure of the

deasnpimedndwve ustldm srictitaETaconetithtdimdetaatyiising a concentration

of an anglytg 898%&& "@r%‘b%?n%%?%f@‘%&ﬁbé%?é‘%@“@i&%‘&%’éﬂﬁ’&ﬁm of an

of time, I.e., the slope m of a current versus time graph, following the reversal

oftladytedotacspopitidhame i incluter proradngofileinelalirg o agwiyte to a

R e AT R %é@ WhAHHE HRvEY Hoder isviRg an electri

R R S PG A en i

foamtigl between the working and counter elecspdetermining an initial fill velocity of
the sample, and calculating a concentration oatrayte in view of the initial fill velocity.
In one embodiment, the initial fill velocity can determined by determining a rate of
change in an optical signal. In another embodintéetinitial fill velocity can be
determined by determining an initial current flowhe initial current flow can be
determined, for example, by performing current measents approximately every 10
milliseconds for at least approximately 50 millisads, and then calculating an average
current based on the current measurements. langgher embodiment, the initial fill

velocity can be determined by measuring an indiatent after applying the electric
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10equation: Co = -3.5 + 0.866 exp(y) where Y (1- 0.01H)" 15 and H is the

level of hematocrit. The level of hematocrit H can be determined by using the
following equation: H = 97.6 - 1.76581iil 20 whereis the absolute value of the

initial current. The sample analyzing device can be an immunosensor.

The analyte for which the concentration is heing analyzed can be C-reactive
protein. The analyzed sample can be blood. In one embodiment, the blood
includes whole blood. Th can further 25include easurln :

B SR B R BB Y AL P U S electric
twmitmuneambusuhg waookinfg atin cempteratieesd ddthirdrlabe. ddreemetation of the
can also further include m asurln hange in cur over a period of time,
R e S R R B g e o e
electric poentethdd farrelswrrammg:ammmathm aﬁlwwe(bandamber include
calculated in VI w of the ﬂﬁ in current. overt t% % I‘IO o time, ar
eXampre 'r}%é‘c e%‘%ré‘n%w 8\ he" %‘%% Sit 8%%‘ng %h%“”e” versus

foioev o elguiaiioni b the rBversal 68 t&vqo@amherentlal. As a result, a concentration of
the analyteCo, can be calculated in view of the change in curoser the period of time.

For example, the concentration of the analyte @odiculated using the following

equation:
Co, = —35+0.866exp(y)
where
m
y = 083
(@-001H)

andH is the level of hematocrit. The level of hemaitodrcan be determined by using the

following equation:
H =97.6-1.7654i|

whereli,| is the absolute value of the initial current.

The sample analyzing device can be an immunosegw analyte for which the
concentration is being analyzed can be C-reactioem. The analyzed sample can be
blood. In one embodiment, the blood includes wid®d. The method can further
include measuring a temperatdref the whole blood, or alternatively, measuring an
ambient temperature and using it to infer the tenaipeeT of the blood. The method can
also further include measuring a change in cummeat a period of time, i.e., the slopeof
a current versus time graph, following the reveda$dhe electric potential. As a result, a

concentration of the analyt€o, can be calculated in view of the change in curoeer the
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1+ 0.068(T - 25) Y (1-0.01H)155 10and H is the level of hematocrit. The level
of hematocrit H can be determined by the following equation: H =77 .1-
2.11i,l+ 0.75T 15whereis the absolute value of the initial current. In one
exemplary embodiment of an electrochemical system, the system includes an
immunosensor having lower and upper electrodes, a meter configured to
apply a potential between the lower and l]p%er electrodes of the

immunpsensor, and a contrpl ypit configured.to measure an iniial fill velocity .
TR o BAAPRS B T L AR SN ) i RAAEY using the
clotlioguirepdgussimthe initial fill velocity to calculate at least one of a value of
hematocrit of the sample when the sample includes blood and a

concentration of an analyte in the sample. The system can also include a
heating element that is configure te heat-at [Egstpprtion of the
immunosensor. The immunosensor can include a first liquid reagent, a

sebefig liquid reagent, and 25magnetic beads conjugated to an antigen. In

one embodiment, the first liquid reagent can>i,nclude an antibody conjugated

to an enzyme in a buffer. The firsy'lig '+ mbe striped on the lower
electrode and can be dried. The second 1t reagent can include

ferricyanide, a substrate for the enzyme, angha mediator in a dilute acid

solution. The - 6 - second liquid re)éﬁegtjciaigfzgmiped on the lower

electrode and can be dried. The magnétic beads, on the other hand, can be
striped on the upper electrode and dried. The immunosensor can also include

a plurality of chambers, a separatgr, a vent, and 5one or mare sealing.

OB AHLS 9V QL ERIOEHh bH 5 o Her] EmABRRaN REcASIREiRed by the
Ujemenatece@agsor:he plurality of chambers can include a reaction chamber,

a detection chamber, and a fill chamber. The reaction chamber can be

formed in the separator and can have the first reagent and the magnetic

beads conjugated to the antigen-dispesgd jhﬁ_r]qirb.ﬂje detection chamber
can also be formed in the separator and can'have the second reagent

whereli,| is the absolute value of the initial current.

In one exemplary embodiment of an electrochensgsiem, the system includes an
immunosensor having lower and upper electrodestamsonfigured to apply a potential
between the lower and upper electrodes of the inmsemsor, and a control unit configured
to measure an initial fill velocity of a sampleroduced into the immunosensor. The
control unit is further configured to use the ialiiill velocity to calculate at least one of a
value of hematocrit of the sample when the sammkides blood and a concentration of an
analyte in the sample. The system can also induakating element that is configured to
heat at least a portion of the immunosensor.

The immunosensor can include a first liquid reagasecond liquid reagent, and
magnetic beads conjugated to an antigen. In ormdiment, the first liquid reagent can
include an antibody conjugated to an enzyme infeebuThe first liquid reagent can be
striped on the lower electrode and can be dridtke Second liquid reagent can include

ferricyanide, a substrate for the enzyme, and aat@dn a dilute acid solution. The
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10disposed therein. The fill chamber can be formed at least partially in the
separator and one of the lower and upper electrodes, can 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 electrode, can be spaced a
distance apart from the reaction chamber gnd can overlap at least 15a

e U R b e g R o Gh i ghe magnetic
cbamisnemttﬁéremrert Baaﬂngmtnmetrqﬁd:an Ha/mm:trmmneltdded

antrcoagdlr.ibant couRIed to one of the IO&%? (Eajnd ugp%ee trodes, can b t and
disposed BvEMHE Rt aR0 CHh BBy RY Bt STl srrrré%rrr avent, an
chaenbenand sealrﬂ@ﬁcmnpoﬂwrsecﬁhd seahr@mmdispem«tmmeeumledbwer and the
to the 200t é)f th owe %h étrodes c n be d ose

eal

PR TR A SR L oy  detection

can
selaamj)eqrapdrmﬁtl |nblaudbsra nymmpadtmaoﬂfrmwhﬁmmformdd onike separator and can

ehmbo |ﬁne t..the con {ol lgim]of the eI ctr mrcag yst can. include an

irst rea n (e:g S n sposed therein.
cal signa ?Jete% or t% iS con ure to mea a ra e o?chgnge mp

o‘ﬁhea]eﬂrgcmmocﬁﬁmbesmrtlalsmh)lalftﬁrhvetbmtymfatm santholan Imsaveathe second reagent

embodlméam the ¢ roIf F‘ include a qt flow d teﬁta ct réflgured ttor and one

dispose b A b for artia
Suré an .n‘%é‘r curent flow (o measura-the i ‘ﬁlllpve ocr es mp

Irmfsthbanmteeaemmnen elactival eennmh thatapmclmmrgpmdftonnmumehuon
el aniesh bo bR dUe A ARTRIC SIS R can be
r iment,

s ace of the Immunosens erem the Control Unit can
bbrmedraaftgae@d marm@asur@m mitthbfr’slanamirlq b)ftmrtbhesamme andsesupper

RS9 BEIURLY SPAGS LS AITHARSSRSOR WHEIRBSIGSION overiap atfeast

signal Is'génerated e control unit, the Iimmunos
aa@mln@mmeﬁe&headﬂbeoﬁonf@wmbm Meagumeemtmdnmimmembthemplehog

AR A RSB U ARAE LA ponent. The e
|rstcaﬂo_gemmnpﬂ&ntmmuhwemrrmpmmanmmmedrmamthe lower and
bﬂr%%%r%@&?gd‘@%%ﬁl&g%isposed over the vemhicambe configured to both form a wall

of the fill chamber and seal the vent. The ses®maling component can be coupled to the
other of the lower and upper electrodes, can h@ded over the vent, and can be
configured to seal the vent. In one embodimeetfitist sealing component includes a
hydrophilic adhesive tape.

In one embodiment, the control unit of the eledtemical system can include an
optical signal detector that is configured to measurate of change in an optical signal to
measure the initial fill velocity of the sample1r dnother embodiment, the control unit can
include a current flow detector configured to measn initial current flow to measure the
initial fill velocity of the sample. In still anber embodiment, the control unit can be
configured to measure the initial fill velocity thfe sample directly after the sample enters a
capillary space of the immunosensor. In yet anagh#bodiment, the control unit can be
configured to measure the initial fill velocity aftthe sample crosses into a region of a
capillary space of the immunosensor where a detesignal is generated. At least one of
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The sample analyzing device can also be a number of other analyzing
devices, including, by way of non-limiting example, electrochemical cells,
electrochemical sensors, glucose sensors, glucose meters, hemoglobin
sensors, antioxidant sensors, and biosensors. 10In one embodiment, the
sample analyzing device includes a glucose sensor. The glucose sensor can
include an electrochemical cell having a working electrode and a counter or

Kiheothiatominetca i b

nnﬁrrqnemarﬁmﬂmshmqme emb@mm&uwaaah@wmn the electrodes is
in the rapge of ometers to 15apo t200 m|c meters. The
spacing L SRR ITUNEUED, DYy kAo § G R PRATIE tor B g active
spmrtantwﬂmﬁshmpiegmmmbdsm theriemhimagkrmrabke tbimm InNmoae embodiment,
emb%?l a acvlvr?%f)eeg é] the electrodes is selected such that the

act Lé RIMATOUMEr electrode arrive at a working electrode. The
worklng‘léhrei smupteranratmmgade@/ieaeuaa elsctbede canflkiersanatgtingidevices,
ReRMiga s o emplenihe sledioden canbe facing cash R RN, sensors,
can t)éntléIly op pos o“oge H1e‘r or they can have’ a side Qo 'H

Imh:glsmsensnml@h@m&lmtwd,dm@oﬁﬂm@mdmmMMsmnd biosensors.
AR RIaRg JLhs Slsciipdes can Navs substanially oe same carespondinghe giucose
area 'The & ectroges canalso'be plan¥a 1A oRe em ? the 9
edectsocivamicel ced mtleldesracverkiogl elelttnadbvmﬂnogrﬂkmﬂeducmuj arambunter or
258 %?gﬁ 8réeferqu%t? %%tro‘gﬁe rn?r%heélgé?gl%&] né(ot nter or counter/reference
efectrochemical cellcan have two electr ais. The electrode pairs ¢
|mtﬁmimda)paorbblBaaoad)fmwm@)gappwmn,amelylﬁémmem mm sd!pamme

e ctrode tin m

B e Ry U RS TR Bt SRR A D feters o

amlothie 26 budimaetetise dleetspelosngicalrcbé datenbweondesffecitiieet] a desired result,

R aiREy SRR b, on

ofthigockifeeby, a spardieg dedifeearihmeticirisiesddtatiisind, hhatthg ofaction products
I T e potential can depend on

gﬁr{}lﬂﬂ%gpgﬁdé?@grﬁr ac o%?f\l/r?cg?dﬁl(sggggmvg of non-limiting 5example, the

deswed Té@cmmlmﬁgrwwhmpletwmmmmlraiemme:%@nmﬂi@mea variety of

ég?&%@eﬁ&% éi?e” e éec? %ﬁ#gf?éﬁ & UI?&IS'%‘P‘IRB;PE& be

orm or electro-reduction O an OXI a sam

ssmmwyydmamaactm]aanbmther,wrﬁmwaarh@tc&r I:neatée ponligyisttion in which
I [ [ I I

e SRS P skl RiAmR D PR puelcan e

istlogtaahadytibel Sighalafstesrontind sceafidireeieseasatecbe@atar. In one

Cgﬁ'ﬁlﬂ)%m]ent, the electrochemical cell includes akwgrelectrode, a counter electrode, and
a separate reference electrode. In another emienditme electrochemical cell can have
two electrode pairs. The electrode pairs can gelany combination of working, counter,
counter/reference, and separate reference elestrbdein one exemplary embodiment,
each pair includes a working electrode and a counteounter/reference electrode. In still
another embodiment, the electrochemical cell cae laa effective cell volume of about 1.5

microliters or less. The electrochemical cell efternatively be hollow.
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an optical signal to measure the initial fill velocity of the sample. In another
embodiment, the control unit can include a current flow detector configured to
measure an initial current flow to measure the initial fill velocity of the sample.
In still another embodiment, the control unit can be configured to measure the
initial fill velocity of the sample directly afteg 15the sample enters a capillary
space of the electrochemical cell. In yet andther embodiment, the control unit

0 & 0B BTG SRR SRS GIND L PRES R BT BOcEe WG ifferent
sigeehngensyatetlidivideast wag of ﬂmdonmugmnaehp Mmcmemmalgmmde of the

A e L A B 5

nee:mmolmrthmdesmeg ernatitigef thaﬂﬁuqﬂeswiﬂmie:eﬂm Indudembmnﬂmgranthe

immun r having t oelect odes and nfl to a
R e HoR A e B S8t B R 8B Bh A ftyge form or
fettwroneddetiotr o @i rax alizkd (osangila sm‘rmlmgmtaanaggmhrfﬁmm controlled.

T E B TR R o e oo
odetmfmraacanolhlﬂm wataypty of rensahtpieieiigiriibveddcity dlmareladtrenmmwat the control

ST B S S LRI B P Bl change
canc:mttcallergnathe mmmenhhemtmallﬂmmmnamam cbmammmhmr embodiment,
action cha ran tion r for r
A A 00 RS DR A e uren
fcﬂrmetd)mﬂassm)ttratmntmimbnelotﬂwabee@;l&odeﬁdhﬂmetemtaHﬁment, the

Hﬂu}f [%W@éjg %éhgoﬁjgﬁ %’Ec?ﬂgeg]s% %ﬁi 0p%f tr?e é anng% directly after

mber can space stance a art cham
cﬁne @&mme msteaqamﬁlarycﬁnaeer@amerelﬂmm cmb Vernyetambder embodiment,

B L A AN IR T U AT ERPRIEHEP AL SEe crosses
Gntea@meglpmtéua Cﬂmdlmythpdawanfﬁhm@emmmhvﬂaemagiatemmmgnel is
géé ARG SRR Bhatsypal @Wt BIaIHR GBSO &3 ?rﬂio[ﬂ‘é meter can be

e and then measuring a change in current over a perlo time after
reoemngetcﬂléoeinem erap&anesilthe sanydenddanparatantigétheasample.

be calc & Ig;;enﬁ‘(é& DR FH RS P BSL G G- AR Bfood sample

measure emperature.
can include providing an immunosensor having tvectebdes and a meter configured to

apply a potential between the two electrodes ofrtirmunosensor. The method can further
include introducing a blood sample including angart into the immunosensor, applying
an electric potential between the two electrodeterdhining an initial fill velocity of the
blood sample, and calculating a concentration efathtigen in view of the initial fill

velocity. In an alternative embodiment, the metbad be set-up to only measure a
hematocrit level of the blood, or to measure boftematocrit level of the blood and a
concentration of the antigen in the blood. The imosensor can further include a reaction
chamber and a detection chamber formed in a sepaliaposed between the two
electrodes, a fill chamber at least partially fode the separator and one of the two
electrodes, and a vent at least partially formetthénseparator and the two electrodes. The
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10The 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 second buffer in the reaction chamber. Ferricyanide, glucose,
and a mediator in a dilute acid can be provided in the detection chamber. A
first seal can be provided over a first side gf the vent that forms a wall of the
fill chamber and a second seal can be provided over a 15 second side of the

vent. At least a portion of the blpod sample that is,introduced into the

RSP B PReh At T I FRSCYS ShamBer anddqap overlap at
iseatoa peetidntofttieineectivrsehantber. The weritil s ld thelistahedeapart from the
opening the vent after re-determined time by piercing at least one of th .
R R SR GV R B AT RO SRR AR er “The antigen
sahpéetonthsangptbean iz dyreazimecprotgugatbthadacambirboemd ttutieemeasuring a
magnetic.beads to move to the detection chamher..Still further, the method

e e el ATy SE A AL b Db (EBR R T RE blood
vaantptararesthien theafsunredianchbfegeoicyanidentfopeariah v dimieeafter reversing the
electrochemically detected from the ferracyanide, and a concentration of the .
e R REA TR e rAte oA R EARUBIEN view of the
26 uEtgetad curreint ove retimd painoehof dieter ariol nigess neit arfit fezteditie ogrerature.

include measurin initial_current after lying the elgctri tential,.,.
o Aol et S B PE e e et R BN Plaing an
patdibialybenzpare tbenjuyiadgraaditsh intkde etectodEs beedsrtiimaly, tthan antigen in a
concentration of the analyte can b mputer. based on the determined . .
B e RO e BT 0o 0 MBfibar in a diute
cacidrtcovbe ppvfidedaititne dettewting chardingicfelaten petproiaed over a first side

At?(:rct%réi Q&W A FIREE nt(‘/@gl?%ﬁ%é il -ﬁh%ggﬂ%tesggq %es%ac{l;g%nteb%r@r\g\%‘ged over a
of the change in currént over the perloa St ime- 1 another embodiment,
degennihBidenafitigaVilitvefddanstam poctiareafelupoh sangpderiiatos chiindedad into the
L s B A P SRR e
initialtberiemodloasendetermine the initial fill velocity. The initial fill velocity can

mmunoLLaaSE T e o R S BEM N RE Vel % SRl efTime by
tiéentingl aldequie onesstthmeealsediieroing el b pag sedithellows portions of the
S DA SRR o o e magnete
ubeldst to umtthth eolletantiotethitealdss chiphér thieem dihasharciisiudigncatalyzing
t%‘%iﬁﬁ%‘aﬁ‘B?'EWQ*&H&GE’J\%%HQ M@&ion chamimaich can result in the formation of
ferrocyanide. A current can be electrochemicadliedted from the ferrocyanide, and a
concentration of the antigen in the blood samptelmcalculated in view of the signal
detected.

In one embodiment, determining an initial fill @elty can include measuring an
initial current after applying the electric potetidetermining a level of hematocrit in the
sample, and reversing the electric potential betvike working and counter electrodes.
Accordingly, the concentration of the analyte carcbmputer based on the determined
level of hematocrit. The method can further ineludeasuring a change in current over a
period of time following reversing the electric potial. Accordingly, the concentration of
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15FIG. 1 illustrates a perspective view of one exemplary embodiment of an
immunosensor and a control unit having an optical detector for calculating an
initial fill velocity in accordance with the present invention; FIG. 2 illustrates
an exploded view of another exemplary embodiment of an 20immunosensor
in accordance with the present invention, wherein the immunosensor is
configured for use with a control unit hav'irv‘llégén electrochemical detection

| [ fill vel . FIG I
S ARADAE AN A R R U Lla GrongBHTBIE e B e g ime: n
mﬂﬁtﬁr@hbnﬂmbmjldetmmmw mmaﬂﬁdl pmemmmemm ﬁEt@rnﬁimlng a rate of
illystrates a from bov%of the 51'? |calc Il fFIG

slBeHS s ?lgﬁ?‘li ndge PieS (%énée'ﬂ |Iloqr}icﬁ er embodlment
3@etmmp1mty amiummhf&mejbalt}odiawmteutfemmmagcmm i tietlanurclanc ¢l ovitho

resent | ven |on USII‘ |Ot fa curre ersus ti
RS TR v e N SRRSO A Rl e Wrecny aer

et*mmdmd eampkeicefm«ertsstlngmIuaylepaoébiombaanﬁﬂesmromtﬂemheveily, $e initial fill

FI Ilustra es lot of a hematocri ncentration level for each blood
il AT A A S A b o AR SR & AR S Capiliary space

coftbetjmmunbBien8dlugtertes aglettdm pgnee e gered of the determined
hematocrit concentration 10levels for each blood sample associated with
FIG. 6 versus the determined hematocrit concentration levels of each blood
sBRIiE BSEOGRIITWIN ©I6 DRAWINGS. 9 illustrates a plot of a calculated

C-reactiyg, Br‘%‘\‘?'rr‘}t'ﬁ"e' %@thobr'o?&s%ma'eeré’t RACIATRG Y4 M%%Set%ffé%saaescnpmn
reference Valle of plasma C-Ieactive Protein as o ermlne
ctamnmncrathjemmyme witmthrassampanying drawjrigsvhich:

FIG. 1 illustrates a perspective view of one exampembodiment of an
immunosensor and a control unit having an optiea¢ctor for calculating an initial fill

velocity in accordance with the present invention;

FIG. 2 illustrates an exploded view of anotherregkary embodiment of an
immunosensor in accordance with the present ineentherein the immunosensor is
configured for use with a control unit having aaattochemical detection system for

calculating an initial fill velocity;

FIG. 3 illustrates a side elevation schematic dngwnot to scale) of an exemplary

embodiment of an electrochemical cell in accordamitie the present invention;
FIG. 4 illustrates a plan view, from above, of glectrochemical cell of FIG. 3;
FIG. 5 illustrates a schematic drawing (not tdesgan cross-section, of an

exemplary embodiment of a hollow electrochemic#lineaccordance with the present

invention;
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FIG. 10 illustrates a plot of a current versus a temperature of a detection

chamber of the immunosensor in which the blood samples are disposed

performed using the immunosensor of FIG. 2 in conjunction with another

exemplary example for testing a 20variety of blood samples provided herein;

FIG. 11 illustrates a plot of a percent error of the determined hematocrit

concentration levels for each blood samﬁlé]aésociated with FIG. 10 versus

the determined hematocrit cpncentration levels of each blood s le : .
assoclk it FRUAIEs 3401 GRS HBAN s BB B IREsing the device
stdprd®agad corgutitaingenitrcorre exeveapbnyecicrefidtddting aarapky of blood samples
associat chwith FIG. 10 versus a temperature of a detection chamber of the

irﬁm\tﬂ%ge &6t'th which the blood samples are disposed; and -12 - a 47.5%
hematocrit level versus a reference value of plasma C-reactive protein as

determi cqonventional e e immunpassay..SDETAILED

DESCRIET I e PR e SR OO [R5 02 e pagghsample

puseid énceseveiatiomaérsthrdirgroptb e psincipidd MiBhE sersiara,dumetion,

manufacture, and use of the devices and methods disclosed herein. One or

more examples of these embodiments are illustrated in the accompanying

drawingBlG h8skuskikbekia ihletaot wilarcdetstmod Ghatetieenideelicasatiodrit concentration

meiaRds pasd f'%ﬁ‘i'%é’%%‘r’ﬁ;&%da*s‘%%'%tae%dvg'ﬁ‘nsﬁ ﬂig%bg e ex8imied Fmatocrit
rawings are non-limiting exemplary embodiments and that the 'scopé of the

pcegenhinztomi devisl sl efiead s diely b yahmp Hassotidh fEHBures illustrated or

described in connection with one exemplary embodiment may be combined

with the features of other embodiments. Such modifications and variations

are intefdiéd 9alhsiratkesl adowitivhavalsciqie d GredSpresaniévetofi@ach blood sample

et some-embediments diseizs, daipmIBNO Kl A BEMAOSerermined

of a sample while other embodiments discuss determining a concentration o

alpyamalyy émtzosagieyoreiskiisdanshayart will recognize that the teachings

associated with each type of embodiment are equally applicable to the other

type of embodiment. That is, embodiments directed to determining hematocrit

values dalalbo ilesisdsaduot mhiacardorarsnaiterailise ehalgatdnteon chamber of

SR ST RS R bl ASONGEANAN DAY tne

a yte can be used s Yy to determine a nema a sampile.
Aorthenasehselimihts c2rimbotnjue cisad With cteathrenzphamarsriplafos ©sting a

Wﬁ‘%@?ﬁ%ﬁ‘é’QHEH@&CB%Q%%%an analyte in a sample. The

metho etermining a'v matocrit in a sample and determining a
25concentration of an analyte in a sample disclosed herein can be used with

any sanm@_ 11 illustrates a plot of a percent errorted tletermined hematocrit
concentration levels for each blood sample asstiaith FIG. 10 versus the determined

hematocrit concentration levels of each blood seampkociated with FIG. 10;

FIG. 12 illustrates a plot of a determined slopedu on a change in current over
time for each blood sample associated with FIGvdiBus a temperature of a detection

chamber of the immunosensor in which the blood $esmre disposed; and

FIG. 13 illustrates a plot of a calculated C-reacprotein level of blood samples
associated with FIG. 10 having approximately a @3ematocrit level and approximately
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analyzing device and/or system. The devices can have a capillary space. The
devices can include at least one working electrode and one counter electrode
between which an electric potential can be applied. The sample analyzing
device can generally be associated with a component for applying the electric
potential between the electrodes, such as g meter. The 30sample analyzing
device can also be associated with one orfiore components that are capable
of ring an initial fill velocity of a sample when it is introduced to the.
R PRt el SRR P REETRS SRS Gtk Brotein as
coatEnimddrbgfaacomvalytiomalies samp ienm viesssdaie initial fill velocity.
Such components are generally referred to herein as control units. Further,
the terms analyte, antigen, and antibodies are used 5interchangeably within,
aDE TAIE B O &SR IRTHON equally applicable to all three terms, unless
otherwi iqdicated or reason%blé.knov%/n b jone sﬁl)<ill§d in l@? art.. . Inaone I
exemplary SHIBSAFIEREDY § HHEHFBr LN RY Sre Ry g A e
wiralerstaodisgnop keapsantiple © bivihe! & tol cxdanescobico v ceahtof acsarmpdand use of the
analyzing device having.a capillary space-An initial fill velocity, of the sample
P R R S ORI el R Y e et are
silorgifatied e théctéecumpdriyong thenitigs filTelsibégkin tbenadniltiordefsdiand that the
analyte or antigen in the sample can be determined.in view of the determined .
e S e T e R RS B ehying
vaiawiceys altevndor-limgrog ek astleayg\e iveiboderits dhedimeisitgpa béthatpeesent

value can also account far the effects of te ure, as disc d in greater .
e R G SOl Y e IR 51 R IR P RRILHER  connection
refhenice examplssyEatbatialgie ooy deticiinb) uddhdifedionsscaindteer embodiments.

' | ' | i : le,
S B B R M R g v
nmqswmmmng ﬁymeqmmﬂmwmgmmmmmetammmgga value of
e e s e AR G P centon of
qanektydie dnae Qanel elcremskititohs oféemavdtrgnzetbaiviieieaehingsuhssoaiated with

V@H@fgi’g‘?éQ‘SP%F%SE%%%%'{“SF&S%Béﬁg‘t%@@'i%am@n%hé%jhﬁ%”&?’étr%E;%;&ﬁ%%ﬁ?. That is,

con S such as anemia. an exemp ment o

nestbod fvedtsehnisioiag o arteemiritigrhefraicoiigsthnaassorpta sedampletermine a

[ i ﬂ?ﬁly i ' ASHR ﬁ?ﬂ?r q 9? an

e?: §é§§'@¢ gé gg?rojgp{eﬁ pﬂ{ﬁ e ectlriﬁcggcsa%a\ﬁj\/'tlll(f'g’(t:(J%alr?%tj tl)%e apple ‘%%v@ggﬁgﬁé?workirlﬂgg a
arrncentialieneeiat es aytrecanrhploserthisoielg tstivecan i ematiwiitiitalue of a sample.

i3 | ¥r°EmBé&Fﬂ_Bﬁ§rEBﬁ‘§&Ri!!?@O§BG‘iS BHQH@PA%%H?%W& (%ié(igﬁmple and

an be c_Ietermlne A concentration o the_: analyte in the sample can
caeiarangeeia vencentrriidatefainadahitiairik walouie. By calculating the

concentigfop, AR RItAB IR LS \OHh% 6195 A%t sample and determining a

concentration of an analyte in a sample disclogedih can be used with any sample
analyzing device and/or system. The devices caa aaapillary space. The devices can
include at least one working electrode and one t@ywelectrode between which an electric
potential can be applied. The sample analyzingcéesan generally be associated with a
component for applying the electric potential betwéhe electrodes, such as a meter. The
sample analyzing device can also be associatedonélor more components that are
capable of measuring an initial fill velocity osample when it is introduced to the device.
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30as those that can result from varying hematocrit levels across samples,
can be accounted for, thereby leading to more accurate determinations of the
concentrations of the analytes in the - 14 - samples. Methods can also
account for the effects of temperature, as discussed in greater detail below.
In an alternative embodiment for detecting]ag concentration of an analyte in a
sample, errors are corrected for based on"a determined fill time rather than a

L R

gl hAdewratyhef iBitiaEfils oedddiing FuldfiimpdheifoaaldyEnéthiyeleferred to herein
d Alastair M, H A Docket No. 104978-458), filed tl

o RO LB MR B BT AR SRR LA e R

inctEnphatee dylyefetencand iisusntirsdyofl oee tetegisieapplhcatitedot aél three terms,

10 {i f ti i I h d timate of a level

gD o5 S B e rRARRA D AP A UBR I e used in

a varietyrob nags ¢ongiédeyramb @dooeot ol atioe thivalnf enddr@d-arhexaatpiitiValue of a

tb/v%%?rznmleo'cﬁlglgr%e??wg%gr% Iéigdo? \r/]v‘?]? éebmcpped’ %uurlgmﬁfft})hg lsocr%cgf)ena\{}’%%;g i rtlrg]]ed evice
samplé is’being analyZzed in the sample analyzing'device 1s Known, the

15avitneg) &llcagliteity spadee |Arkéaltial thid ceomitfitieel $emaooriatdeakt/ portion of the
'ampAIRHEe aLING, SamPlS v, B IO, BXAmPIS & ARSI A Arom the inital
sample analyzing device is preheated 10 a desired témperature. 1f a

téithpelatiye i8 conkeotraticalotEtiansiyas ciilike petfarsact phacahdoefdetermined in

the temperatyre to be measured pr inferred during reactions. In such an
TS BRSO AT Rttt M R 8 alcutate the
oneenato20pvaickecnn @ | avcioate prialgte aunoeMeitiod siEte dateationisag a hematocrit

Further initial fill v it n likewis in.a,vari f. :
A AR SR DR AR B R o oo
wrayshter dbyernaiagUtieg ficiad fily \vel@ditg afseriztabathbubecfarapie datengsociate

o A i LG BTSSP S ot infess
cmaa@m@ﬂid.nﬁkir@(mnmmwcdhm@d@bp détémrdwaa‘o@e treterenined in less
T R G R SR80 SR i eing
pd)@NEBto%ﬁHedharhmeQiz dishesathamtizeatigigiinl Tdadopticltoeteemarerit level can
T8 AR08 PRI, TSI R0 AR 086 ffgrons o
Inenestodliiseveds] wiisbdieenselu fopicuhiehradicabagsessmarttsy fslagxample,
%&iiﬂﬁ’é@@g%ﬁ@%lated to conditions suchessian

In another exemplary embodiment of a method feerd@ning a concentration of an
analyte in a sample, a sample is provided to a Eaamalyzing device that has a working
electrode and a counter electrode. An electriem@l can be applied between the working
and counter electrodes of the sample analyzingcdeand an initial fill velocity of the
sample into a capillary space of the sample anadydevice can be determined. A
concentration of the analyte in the sample canabautated in view of the determined initial
fill velocity. By calculating the concentration unew of the initial fill velocity, errors, such
as those that can result from varying hematoorglieacross samples, can be accounted for,

thereby leading to more accurate determinatioteetoncentrations of the analytes in the
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10, adjacent the entry port 21. The optical sensor 52 can include an optical
signal that - 15 - changes when a sample passes by the sensor 52. Thus, as
a sample is provided to the immunosensor 10, a rate of change of the optical
signal can be detected, which in turn can be used to estimate the initial fill
velocity. The rate of change can be meas rfd in at least a 5 portion of a
capillary space of the immunosensor 10. The initial fill velocity can then be

eSS T A A B8 A UL Bok o RN BUlErar L oyt in oreater
adigeiniel ensame afterhathaierriblielaftforditiad wedrssenpiatidn ahathenalyte in a
R S BRI AR e
nﬁtﬁ&aumd/ak)gmp.n @a@heanmweoémmb a depiimyﬁpaseobirtiaecgapameing patent
R AL T R P TR e e LS A AEGUIR o Bosensors
cbiainbdfillahidier beftReeald eaCtianetipa e Paasti . deoeirias(Attmmzgr Docket No.

0 T y rg(})odiment the initial current flow is .determined betw
Ry R R A R MR R SRR R o, an
téhiohiad bensht ftmensaraadurgdeidremcedrs danete. finstar@trs ativecembodiment, a
region.of sapiiany abany Oér%hhﬁ aapq‘%!%%”?%%{%'%%%%%e "ev%?raeb|%\9eef§{;ﬁ%'r‘nattocrit level
signhal can be generated,”such as'a detection chamber. A'Tnumber of differen
teaimipudsteamibedised to measure the current flow. For 20example, a

[

desired 6L G UERSUIEMENIS.CA0E 1aken pug 8. e SHRnO OLIMG cenvrarion
In one exemplary embodiment, a measurement is made approximately in the

rahge ehabdeat dvargdamitiseddhd saatpetedadeltemiticdcntlia temparature of the

' ' | illj .
L T T L "
elngtigl Tl reliisriyocals o dinkqebtinthefdgiprosihizeeintackidsevsd A temperature of the

SRS, ECABE T B0 A AP % proneaca
nie asdesinemthteoy@ratstertihariethpetiatiey eOdpaikileckicutasiansyain still be performed
R Y B e e M R Y e an
disslened, imgrmetamb@meoammideeg@qﬂabp @oboditeshiosfia order to
e AR o P AN R 300 5 1 vl
can likewise be used in a variety of ways to deteena hematocrit level of a blood sample.
There are a variety of ways to determine thedhttil velocity associated with the
sample entering the sample analyzing device. Deténg the initial fill velocity, in turn,
can allow a viscosity of a liquid to be estimatétktimating a viscosity of a liquid can assist
in making more accurate concentration determinatidn one exemplary embodiment, as
shown in FIG. 1, an immunosensor 10 includes arobanhit 50 having an optical detector
52 generally located near an entry port 21 tol @liamber 22 of the immunosensor 10. The
optical detector 52 can have any shape or sizecamdbe located, for example, on top of
the immunosensor 10 or just inside of the entry parof the immunosensor 10. In the
illustrated embodiment, the optical sensor is cedpb a top plate 14 of the immunosensor
10, adjacent the entry port 21. The optical seB2aran include an optical signal that
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- 16 - FIG. 2 and is described in U.S. Patent Application Serial No.
12/570,268 of Chatelier et al., entitled "Adhesive Compositions for Use in an
Immunosensor" and filed on September 30, 2009, the contents of which is
hereby incorporated by reference in its entirety. A plurality 50f chambers can
be formed within the immunosensor, incluging a fill chamber, by which a
sample can be introduced into the immunosensor, a reaction chamber by
which a sample can be reacted with e or mor ed mat ials, and
RS SRR sb SR e b Ro TR OF B ok 0 L DRERY Gt the
sannplen caarze des raniaglofl tieaegmafnherepngamdanrmwletacﬂeasv\mch in turn can

ortion of a lo er electrode a p re ect d,a separatoy 100f the
e e TR DAL PG i R OB Taehe Mg n at teast a
tcp)emltem and eapamyrwanmuhtbmmﬁmmdessem[ﬁewmal &mdreslecuyd:an then be
seali n?é) nts to s ect|¥ #fseal first and gcond Si es of e le. th
hote. M g WO R o R A A K185 T B R PHROHIT R eerxa)i“p € the
iIIuBtaan‘deeHmcltymandxmased 14 cachlatessadenaibectioale digeavimag sammple or a
J.éll agocrl g\pée&sa th?be r||8 onto |f The lower electrode 112 can be
fOrmed Ugi ng-any number of te nlqueg used to form electrodes, but in one
embod|rimeamatlpal)@tbym@ﬂmyafaﬂmuaimm(lﬁﬁ'@letmmldmm‘dtmwybtem can be used
bt%”rlﬁre] Ss”'P hate i3 %ptu%e atelﬁl%’l\é'l hcﬁlrséJ . aﬁ) onduct UCh a%e Reasured as soon
eXxample, gol%l "BRAET hon- ? ng examp &' ormlng Eul ro e are
dﬁz:theahmﬂﬂle&rﬁatem Mplmammal@@fﬂﬂw@emﬂymngrdmede Capillary space can

e tro |caI Cell" 20and fi ed on ovem 0, 2000, th nt n

WE] ereB{/?ﬁ(@éP ?aPe re eren@e i ﬁ%ml[ reiP ﬂ Chaﬁ@g b ngen a il
Ilqham’ealgend;almhdtﬁm mharhbee amd!mﬂwtmfeﬂtﬁentodrmmmmmubaldabaetlon

e e DR ST oenueen e
sﬂtaﬁmnhewmuaﬁa Z25yobioxatnan eichl asyrfotxemmpliolsy, Elupodiosei), dlueknitial
0886?9’6?‘11"%/\/?5?{%%%%‘&?3 e ‘fﬁQ éi{ﬁlﬁg“r%fégs% calg %'%‘F%a'ﬁh%ﬂ? space of

odlme e secon I|qU| reagen Includes a mlxtu e of
féinecyaimiple, ghatyzio gatelicsovbert matiitaotiosubiasisheeneiatedimmhifatea detection
i'&ﬁﬁn?é’f{ﬁ'c buffer, such as a dilute citraconic acid solution. The first and
secon uid reagents 130, 132 can be dried onto the lower electrode 112. A
number@mmqoédiﬁammmanmreag@mmmwMantn‘lovve For

ec%lnéel% ‘E’é‘i%ﬂ%mw#‘? §£6*98rﬁ%%9§%§m]&@@§?a08e ?elg\%ﬁ{gth of time. In

one or more infrared dryers can be appliedto -1
one exemplary embodiment, a measurement is madexapyately in the range of about

every 1 millisecond to about every 25 millisecoondsr a period of approximately at least
about 10 milliseconds to about 300 millisecondsariother embodiment, a measurement is
made approximately every 10 milliseconds over @pesf approximately at least 50
milliseconds. A single measurement can also bentaut typically more accurate results
for the initial velocity can be obtained by makimgltiple measurements over a short
period of time. One skilled in the art will recopm that there are a variety of other ways by
which the initial current and/or initial velocity the sample can be determined, some of
which are disclosed in greater detail below.

Another exemplary embodiment of a sample analydagce for use in conjunction
with at least some of the methods disclosed heagsimmmunosensor 110, is illustrated in
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the reagents 130, 132. One or more air dryers can also be used, for example,
subsequent to the infrared dryers. References to a first reagent and a first
liquid reagent and a second reagent and a second liquid reagent herein are
used interchangeably and are not necessarily 5an indication that the
reagents are in their liquid or dried form at %given time for a particular

embodiment. Further, some of the comp()r]r nts associated with the first and

S ng liquid reagents can be u interch ably and/qr.i e first .
EfReo it T AR ribe T O e AT s SN ARl £ e Ehateter etal.
aphithed Ukt esind € asgsdiedsidh @iben @nbotioebtiss firshiibfileld eagsaptember 30,
1 nd the second liguid. reagent 132.. 10A line can be formed.jn the. .
eSS A e R BT ne el MR R TR ir gt b Plurality
obtlvbaiedmEstsdrBb e fathie sentivtio seddnon tooskascidifiga fil tlemmber, by which a
iIIustrafed enﬁodimegt thﬁ .Iine{' formed such that an edc%e ofbthe Bea\%ﬁnth |
1¥IBIRAEE the T Y GRR 14 P HE R O s BB AR TR Rls SR8 7 Sample
ocamithearehatpdwéthl @uger imoredestrag arstearibdidetattie dthamberbéy which a
phliecpelbes thereagenia 130, 135,215 sipeddoan e slsghode Tedie, cnambers
can be eS|gne8I {3 BRiE rlcaﬁy MeDAEThe SEction of the-IGWer & ecefrdderﬁsze
ucale bthodeed o cleastier phdrortted adotiar tidaieywdinbepyed &l dotodactoal a separator
ch]a{nber. This can rovixflﬁ a.better definition of an.area of thtla W rk'nga .

eémmunos?lq or. € |MMUNQSENSOT can alsaaa@ ven hoi(iéo IIon air to enter
electrode during the electrochemical assay. The immunosensor can also
ireiddes eapgpiher iehectnoose bt d rhas thesoed canddds2@orad) etitrizpadsi p8ients to
containing. surface-hound antigens.ther T ntigens can be.configured
SR ol G S o B Heid e SR S M hent can aiso
stample wahinfaheditiomachbenber 118, as described in further detail below.
One skilled. I willr ' (o} i .
ower sibG e R, e RES e BT G etz oRaRs0E 1 o auing two
Thnsdtreagands 4@¢trbd2 Itipedioniclidel brdaaiednooie Magraibdédansed using any

t r.electr n.i t iqui 3

R PR RES a8 o L R AR AR iE P odieyiene
therefdtitratidel (Hb) rababetiaigafidethedntaibotphafahie sputienaxeiedrwith a suitable
1&9nd'&&‘i5¥?%88ﬂ’8%%‘?’E%Pr?p?ée@%fb‘?eéﬁl&PﬁﬁrﬂWgae&%m(ﬁihoéﬁdﬁ%‘?ﬁé’Bn electrode
an immunosensor that serves as the lower or upper €lectrode or multiple
etsetrhisigo sz ibd dispdatehbha. Sirfgld [hie ndHedgeimmotided fiEteciroeiemical Cell”
b L ' i 0 ' r , '
e A 4008 I RS SRR R atod by reference
dle tiscriyirety. - and the counter or counter/reference electrode at different

clearode e A e R Ao T heviae) B SreCihpositons.
chupfe embodimeneidreficst diggidogagent 130udes an antibody conjugated to an
enzyme, such as, for example, GDH-PQQ, in a biifigr contains sucrose, as well as a
poloxamer, such as, for example, Pluronics ® blomgholymers, an anticoagulant, such as
citraconate, and calcium ions. In one embodintéetsecond liquid reagent 132 includes a
mixture of ferricyanide, glucose, and a second atedi such as phenazine ethosulfate, in
an acidic buffer, such as a dilute citraconic aatlition. The first and second liquid
reagents 130, 132 can be dried onto the lowerreldetl12. A number of techniques can
be used to dry the reagents 130, 132, but in ordment, following the striping of the

reagents 130, 132 on the lower electrode 112, ongoce infrared dryers can be applied to
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5A separator 116 disposed between the lower and upper electrodes 112, 114

can have a variety of shapes and sizes, but it generally is configured to

desirably engage the lower and upper electrodes 112, 114 to form the

immunosensor 110. In one exemplary embodiment, the separator 116

includes adhesive properties on both sideg._The separator 116 can further

include a release liner on each side of thetwo sides of the separator 116.

10The separa an be cut in a manner that forms at least two cavities.

A AR S et e o S S PR Hog 1Y S1a L SEosHlgseduent to
cenatinbancakediyensd Refemecas tockefast oragwmirabiirst AGuld meegent and a second
embodiTent the se aCL tor.116 can E)I% Kiss-cut su%w hat the reactign

r :
cIRtdBaE 316 B3GR e AL aé]%%‘%? and are not necessarily
aawt gedicatidrothatebetreageatsianehnglibe tgirditied ¢hambea LRckls tfignén a
WithtthelelectrBd S 15]t12F1 4 to allow f thhe electrochemical d terwirg]atif)nt q
P AVBEPLSIGE WIGR UG, e SIS0t HnE AP Rr QR EE AN B TITst an
pdeoed dhidheal lveeesisctanbd L2ed anteasireerghabifplonhtith thadirstiand second liquid
br%%dsel s4 o géeslrjg(? eléelecérod]e 1()1r141Fr1rr1]| n%hee];i(rSt r%agﬁﬁct:&g Ou?zfl t?%zlaov@eer associated
lediiode frobe%t Iegélflp%r |arﬁy dlsposech i He feaction chiamber 11

anditreatfenrioy aoitheof) ineobies t hauihaaaye ot i8Hd¢beorsd coagdigui@2ezHghnt 132.

lower electrode 20112 to be,at least partially di sed,in the detection
e 155 SRR o S SR P U 6 atihis 13, 132 sucn
thieafiran sl e axfateliofuider eaggeis sl BBO 1 B2 theteato aotitoachsanthe line. In the

I ﬁ%ﬁ'g{&g %‘rﬁ%&ﬁ%l%%,ﬂﬂ?erﬁﬁgig%‘fjr"ndegest8 Cﬁ]%ehc?gr@boq‘:?]%lr%a%%z?gt % touches the
some embodiments the 'combination of one of the Upper and Iower electrodes

1irk: aivenid e sHEpaibtechbeamppd ddmisisgptiogdte otorfidhna sharp metal edge. In

e B e P A SRR PR g2 re s
|amitietelacigetdssr T@@Mm&aﬂlhmdﬁignemaiwynadwtmm l%e;@fremui;the lower
CUBR A% ol DR R e B BUIINOE BRI reccor
iltstratet . effbediareptptheefin Bemme@nimmmﬁmmhamgimmMe during the
&%?t%gﬁgﬁﬁ@aﬁ%s%n. the separator 116 such that the hole in the lower

ectrode overlaps the reaction chamber 118. As shown, the - 19 - fill
chambefhe s besgritotahte aparaisorinaiedesractippetiatmidi4iRaviggsne or more

' ion all t the i 1
24 RS S Do B, A e e
esenfipleredttotheaitstvitiuidesaotigedy tispose dhenitles tiedegtnisiedy12 and the sample
: ) : ; o
R e Bl sl n the an
d@iééﬁ@ﬁ%ﬂéﬁlﬁ@t 1I2@ .cemgﬂoeatsaimesa@bqn@mrcﬂiammzﬂcan%@whe upper
béﬂéwoaécf‘féﬂ'@é% ! A e%ﬁa%@. af %@Wé&%ﬁ’é&ﬂ%é@ EEQ'EQﬁJi&&gdae one or

the reaction chamber 1 a location t erebetweer] can be considere
cayinearyapactc besdsis4 Gurhipr urReh&lecieaedtl hicbderae fiewichteagents 130,

the sletrpiendia R R IORIHE R thestrated embodiment the length of the

electrode 112 forms the length of the entire baidyr@ immunosensor 110, in other
embodiments the electrode can be only a portianlafer of an immunosensor that serves
as the lower or upper electrode or multiple eled#socan be disposed on a single layer of an
immunosensor. Further, because potential apphi¢iet immunosensor can be flipped
and/or alternated, each of the lower and uppetrel@es can serve as the working electrode



10

15

20

25

30

with the second liquid reagent 132, for example, the mixture of ferricyanide,

glucose, and the second mediator in an acidic buffer. A vent 124 can be

formed by punching a hole through each of the two electrodes 112, 114 and

the separator 116 such that the vent 124 extends through the entirety of the
15immunosensor 110. The hole can be formed in a suitable manner such as,

for example, drilled or punched in a numbéPof different locations, but in one

exemplary empbodiment it can pverlap a region.qf the detection chamber o
A R SR T BEhoe AlerUae et SiAdeR: 123 EAva.! description
spalpdses) imuthbaresfeliffereplicatonehs lovibedidstisianhaRemdabtimentrking electrode
first d:ﬁ]alin% corr\‘l?ior}en 1%0 is Ioca}ted on the lowe elelctrfde 112 to seal a

firdlS 108 HPRE LT TUCaeAng 5%%%866’%88H%eg%ﬁ9580%88 "995 s located on

the uppéy sipeiratte 116 thspealatl dextormbsiteedbiher\ardridddcifbeesealingl114 can have
components can be made.of and/or.include any humber of materials. By wa

o VA AR B e R S R T RN R 3 h e tower
handdoypbil er atdtsdde sap &2 r13date igrmape. iunesmssk]de s| 2 Sofd lex segdlagy
comgggents {:ettn face the im;ﬂj osensor 110. As shown, n tonl;g%a

. , nt
il SR&NING Componant 143 i s s ol e b aefssor}f;'r‘renseparator

ald/élctor theHidrchalnde alr2kess ¢Hatehe rs aaqiiasitire he/ o andas ed tthessparator 116.

Properties incor ted onto the adhesive side.af the first sealing.compopent .
R e B e Pl el e PP BB RO ity can
skealfngoedmoosevelad andadesmcbpenties hidkarpdmRDhguiyptalickeentboned to serve as

water, soluble, the fill ber can remain. well-wet when.a sample is, .
R A2l S0 R R T SR s cut suh hat
stilecthaatyassbaiateer 1 DB is alignkshesibcihtedbalith 112 jrhirutmadoson Adtigen-

tQ pravide vent r sealing,far the immu r. he
R S B S o T SRR A s roces
tid 2poh$truotaloof fitret i reigctsshsomi ddd ole Bimiomay Efenoshesnid evilnes ém.

Analyzn) S0 e e B T LB AR R A 1010 SRR 1121n 2
Appmmqhaaiamahgmeee bé@ﬂmtb’iiéloétmmﬁtmdmﬂh@ﬁnd the first reagent
O o U8 8 17 0 S AR W 1
and the ferricyanide-glucose combination of theoadaeagent 132 of the lower electrode
112 to be at least partially disposed in the deirathamber 120. It can be advantageous to
include an anticoagulant in each of the first amcbsd liquid reagents 130, 132 so that an
anticoagulant is associated with each of the rea@nd detection chambers 118, 120. In
some embodiments the combination of one of the ugpe lower electrodes 112, 114 and
the separator 116 can be laminated together to #éobiFlaminate, while in other
embodiments the combination of each of the lowectebde 112, the upper electrode 114,
and the separator 116 can be laminated togetHerrtoa tri-laminate. Alternatively,
additional layers may also be added.

A fill chamber 122 can be formed by punching aehaoto one of the lower and
upper electrodes 112, 114 and the separator Ilthelillustrated embodiment, the fill
chamber is formed by punching a hole in the loecteode 112 and the separator 116 such

that the hole in the lower electrode 112 overldyesreaction chamber 118. As shown, the
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10While the present disclosure discusses a variety of different embodiments

related to immunosensors, other embodiments of immunosensors can also

be used with the methods of the present disclosure. Non-limiting examples of

such embodiments include those described in U.S. Patent Application

Publication No. 2003/0180814 of Hodges ¢} al., entitled "Direct

Immunosensor Assay" and filed on March 21, 2002, U.S. Patent

1 lication Pyblication Np. 2004/0203137 of Hodges et al., entjtled

TR L B PSP AP o0 ST AppiRrbA: Such a
Redolfigiieni NoaRORS/A k3hipiR ob Bytatt teteailn entitset: 1810 shraayhApesiiltcisamber 122
and Method Use" and filed on Nqvember 21, 2005, and U.S.. nt. . .

R g et RS i e R IS st uia
Petan A g3 e shianifuibdestibe Hiotba0)8611j80aietetad 2004 /020 BL¥eér emcthe first

of which is ereé)] incorpor te(%b reference.in its entiret Ino .
cEOlHE A e Rl DR T SR SostacBi g avitnout
neetterithgithe crtégtioedctueaniply A3htdiay tof thatexatdrdue fllldizarmbérb@?2 can occur
measure a current that results from the application of t tential. n ,
S S A A Al e B R e TR SRR i geaction
achetare O, fmadumde catioalHuePebetwsed traarigaipedtiainapiliaogspsae. Once the
1sla‘~i’mW'f§ RADBIEL, A8 (pstef, < '{h%‘r‘udf?o?\{ ?ﬁt’&%ﬁ&?{p‘#fé%gr%f&aiﬁ&?o Fidteraction
examplé, the meter can include a magnet that Is contigured to- maintain
ceithithecsepondniguid tleaganiu8sdnsexahtple, ahrteranfderneldaioteylucose, and
companents flow.to the other., .In ope.exemplary embodiment, the magnet of
theerr?gtce%rqg og\aq@%osrdr&ha{hgﬁl%IBOBnULF%Cing the immunosensor 110 in the

meter, theverasigh?4 isach 4 fmon80idayaou thod irech etilool € hisimodsge L BtHENTw/ e aatectrodes

S SRS PRIRRSA N BB R B o e
bieaus NG fison Xvinghimtwoirecdeteetionntdd inbalsigRd aAneailsrohtesicauexample,

o] ter | i heatir t can I . .

B L & R e e oA R B B g ciment
peirdanaaingioh ik delg dievictasitye XiABi i apasiechapaddroalsiine reaction

Iﬁ%&%er qQn gore chambers and/or a sample disposed therein to be heated

to a predefermined temperature. Heating to a predetermined temperature can
help proVite@iutadycdoresxaaqies byalmimisaimf differmeviacsthindtfedtkistrated

t%%%@m'&ﬁ%ﬂgﬁ géa{f?ﬁé;t&%rrlﬁp%(f%ﬂt 140 is latatethe lower electrode 112 to seal a

first side of the vent 124 and a second sealingpmorant 142 is located on the upper

s (G310

electrode 114 to seal a second side of the vent TBé sealing components can be made of
and/or include any number of materials. By wayaf-limiting example, either or both of
the sealing components can be hydrophilic adhdape or Scotch® tape. Adhesive sides
of the sealing components can face the immunosdrigbr As shown, not only can the first
sealing component 140 form a seal for the vent bAdit can also form a wall for the fill
chamber 122 so that the sample can be containeglrihd’roperties incorporated onto the
adhesive side of the first sealing component 140beaassociated with the fill chamber

122. For example, if the first sealing componet@ includes properties making it
hydrophilic and/or water soluble, the fill chamloan remain well-wet when a sample is
disposed therein. Further, the sealing comporietlis 142 can be selectively associated
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10Further, a piercing instrument can also be associated with the meter. The

piercing instrument can be configured to pierce at least one of the first and

second sealing components at a desired time so that air can flow out of the

vent hole and liquid can flow from the reaction chamber into the detection

chamber. The immunosensor 110 can al§%é)c_e configured to be associated

with a control unit. 15The control unit can be configured to perform a variety

of functions. In gne e lary embodiment, the control unit is capable of
ARG oA s B Rsre A R T g aling for the
dievican bsanstindrl@nsinadineecdntipe contsallispih se dnhdigeiesit ¢éa determine a
hematocyif, value of a blood sample. In yet another embodiment, the control

anit s cOMTEEYS AL SR SR s core g Wolagsrer. Non-
viiemitioit lex 20ipidia|dillnale dityw hidiacld Hesives toarinios qrr atetUiteoa mumbesensors and
of different features, depending, at least in part, on the functignality.desi

AT Ve T S & B ePRs ea rerfP. Patent
vAlggligation Benedyot Aa/bBIDH6G ek@hatelidribpesyited" Bdiesiyee@dmpositions for

measure an initial fill velocity opti aél tl'%ec ntrol uni g include an optical
S el e eRan YT SR B R R AR AwRcn wes

velmatyyhasedoonatech teyoebtbrammge im &s epticatysignal sensed by the

detector, Aerpatiyel. L sysiem g desianed o egaue ARBLhe s retated o
velocity based on cufrent flow, the control unit can include a current flow

detettmo Seres ors et doanusteate iarofmeasuresensadialdit belasiey atethe methods

O EAAIE I SRR IR Rechia 56 B ol SLUG RANBIS SHIEHNG S e those
Immunosensor. etuming o S chamnge can OCCuUr In a number o
diftseniteddanniésS, BaténioApmicetipiaiiubhicatidimBad 304 808khoisHodges et al.,

USRS ISl U1 AT OSSR VIO ASHION S o 1 3fioo0as & Of

immunosensor - 22 - where a detection signal is generatéd, tor examiple,

Mmmidmisarﬁpldicmmhlﬂpﬁﬁ)m&%ﬁaﬁ oﬁ_laimﬂb@e’mtoethé.ﬂ@dtékﬂimunosensor” and

CHRTBEA A ﬁ‘%%f%(f@?ﬂgl%%{?&{mﬁﬁﬁpﬁ&%ﬂbmﬁ) d'ﬁ%%%‘/ﬁ?{ff? of Rylatt et
el e, when

sample enters a caplllary space o munosensor, for bexamp
tlad ,santipedeiRimseiheoreApiaratiha AV ethottseséddtnol filkeid camMNdsember 21, 2005,

"&%"{:fcgf%.%%@ﬁ@@ﬁj?gﬁm? Xﬁ&‘?%o‘?ﬁ’)@é’f&ﬁ%ﬂi@ﬁf&%ﬁ%ﬂ%«é@ﬁch of U.S.

con unit can be Igured to measure a temperature o or
cRatebtApplitationrRubtisatigd Nns 220830 b8AIig00d020383gueaeh of which is

tm%rjg%%%%hﬁg%w@é%ﬁ&t%% giﬁﬂ%g{[or by measuring an ambient

temperature g 1t to 10infer the temperature of the sample, a color of
the samii@nsr avaodiyenbtie icharatesesses A0/ caproenRrd tof beeplaced into a

_ g |
o A LA e o
d@uérmmhﬂit&irt,emétwsqtt‘stbﬁtaem@aﬁcwc@ﬁ_mmabtémﬁmatmpgdmrthéh_e
f%ﬂﬁ&gﬂé@%@?ﬂ%ﬁ%&@%ﬂ%”&“%@fﬁﬂ?'i?f?crar&ha&[%’ﬁ?&&%ﬂ'ﬁ‘aﬂfemr‘es can also

can
be used to engage the immunosensor 110 with a meher meter can include a number of

different features. For example, the meter caludea magnet that is configured to
maintain certain components of the immunosensonibdde chamber while other
components flow to the other. In one exemplary @ithent, the magnet of the meter is
located such that, upon placing the immunosensoiriihe meter, the magnet is disposed

below the reaction chamber 118. This can allowntlagnet to assist in holding back any
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15accomplished in any number of ways. In one embodiment, the control unit

can be hardwired to a microprocessor and/or a display device. In another

embodiment, the control unit can be configured to wirelessly transmit data

from the control unit to a microprocessor and/or a display device. Other

components of the system can also be cpgig_ured to make such

measurements. 20For example, the immundsensor or the meter can be

configured to me e a temperature of one or more chambers of the .

HACTELE RERTS e, AL e PRy Ay PP LV CaPdig haat s bound to
disie toeiaes AGHf&oanvidoieingpimthirectatectienstioarsi®ior properties of the

sample and/qr the, system. Still further, one Igll%ed in the art wiir cognize

et e LR L Ry (I EIE b NGHEn et BERF el Ry ha element can
chetpisieedo apsthglecamtival r2be sibdHoe pXxhen sipalabnduag  ttitecamnbotiosensor 110 in a
determine an initi$l fill velocgytﬁmd.measure&\ tggﬁieerature of a han? er. In

ofvsl ShBLHINENEY TRIHAR ABRIAT R e BT TBSHL AR &I or more
vehiaud fus crulisy lasmah plel elish os gauthereiha @ tetigaratimesl efciimeinaddamperature.
copuehunis and e desied funglions fo.hepeRimedcr oo OfeL IS o1,

samp e%na@/i)lng qevices Can b m conjunction wi QG¥ast S0S0nE DY
tlnsyssbing andemetiodstioéseftsetd bétemnpé resieenimeces remt iiocis decloy.

way of 'Pd‘rih@#t'agp%%m ST 'ésaggﬁ%@f%ﬁ?ﬁéc%?&f‘s?hse piercing
glucose sensors,” © 23~ giucose meters, hemoglobin sensars, antioxidan
sEssans| e d il e resorig imash o endvodiatdes st teenipte amdlyetundedaéng

includes a glucose sensoy..The gl e .sensoyr can include an -
oA AERIE G SO PR BT A Pk e Y Hole g igyid can flow
Scamitivtudaetithinchizim bee nmboathe Bélebtioimghgpbeand lower surfaces

202, 20 n n alsg in a cell fi . worki .
electrodetl-:‘wh%ognd|spnc(;(5's‘§i98c§1 gﬁt?fggqo%vgraﬁl%ﬁg’é%ﬁ %@%%%%%%i%%g?ghcﬁegcontrol unit.
eldwrodet205 oispak di aotig uspkiospeidos 2 apisFokfunstitnandriicknassmplary
apBEARIERiethio Aoy AdesiahErs ) SR BIAYACINGIBRRIY o sample
products from a counter electrode arrive at a working electrode. For instance,
thehelDime mibieohectrddiontess driridse delavriticbatinend dhecoatles! art is configured to

SSQ?%‘?Hebé( ﬁ‘e%?ﬁﬁﬁ.b -C& %%88@%9@5}5%@88&%’%%@8‘&iﬁ’ﬂ%nt, the control
pro ucts of electrochemical reaction at the colnter electrode can mlgrate fo
thinivisrkionfiglgarodecainingteha conceniiatiosoandlytstenthessamplfusioaw of the

plt}ﬂ{i(lﬁ ﬁﬁ%‘pycilﬁosﬁﬂﬁé{'%ﬁé%ﬁﬁ?& JMHBTWCII ae Q?}Eﬁﬁﬁépﬁ? q[ifISrent features,

approximate icrorheters, alternatively in the range of abou
ntiepsmdiegs ab leBstin pato enithenisnetnraidgiercapdrtive laneilindHzy rahigh the system

".fsad’é%fbﬁQdWFﬂHb%‘&Fé {ﬂeaml%ﬁpvelocity.

By way of non-limiting example, if the system issihned to measure an initial fill
velocity optically, the control unit can include aptical signal detector. The optical signal
detector can measure an initial fill velocity baseda rate of change in an optical signal
sensed by the detector. Alternatively, if the eysis designed to measure an initial fill
velocity based on current flow, the control unibhéaclude a current flow detector. The
current flow detector can measure an initial félacity based on a change in current that
occurs as a result of the sample entering the inesemsor. The timing of this change can
occur in a number of different manners, but in ekemplary embodiment, the current is

measured after the sample crosses into a regiarcapillary space of the immunosensor



10

15

20

25

30

micrometers. In one embodiment, a spacing between the electrodes can be
selected such that the reaction products from a counter electrode arrive at a
working electrode. The electrodes can also have a variety of

configurations. For instance, the electrodes can be planar. Further, while in

the illustrated embodiment the electrodes 205, 206 are 20facing each other

and are substantially opposed, in other el o'diments the electrodes can just

be facin ch other, they.can be subst ntlall to each other, o
P R3PS DR BRFR TR PR e R S gses from the
p(wnnoed:laam‘@wmatetherﬂeteetmne:pmneeExaﬂm’eembddfmemt ¢hectiadent is
configurati at least in U.S. Patent No. 7,431,820 of Hodges
o LT e AT e o SR DUP S, ScRBercs, ol DS SRSt or
oéxetmqttesdvbmbtﬁmearpptamm e react om icsremivety . A sample
deposmﬁlﬂ or t%rbgiet" agea 207 can be defln on the rsurfac 202 of ; )
the menitYaS8 5 B 21 BlSE SREER I SUELARReSHERISRAN (R e of non

nhembrgm&kmdteeﬂnefmmttblewéﬂmbé@énﬁ@htmemhwne 2@@ncparbawve af one or

diﬁusm 208 t can extend betw en the tar are %07 and the ce
mor eg e Imm nosens t can al %%u % 0,measure a emperature of
zone sw able réeagent can |nc dearedox lator M, an enzyme

Ethenihmpld HofferdBarese dicdetilyion bytmtmmm@lmdemthmrtheraﬂure add using it to

4 of the membr and/or betwe n t zone 204 an [
a8 B R S R Lt ey 07 R
ortlthmssinpa anolpoo favtywet toes) did ez pﬂﬁatnﬂ:iaaegetemndﬂﬂn‘aagndfthether non-
USRAComaRRR e IS Biecoslhanne SOt aAeIRehnabr e inta

covers Zone’? tese
hﬁﬁtnmmw deteﬁmhmmemmmtte@fme Itmmttravﬁahmrddta‘medeama, amd/or the

B A SRR R A A g can e
etecivon@snos, ik @6 umd mjotﬂamM@mtthrr@nﬂaembadlmbeaugetratmizoayt be

AT 2 ISR Raaes s SR GKOTARJIR PESIARREAT he contol

wudé,mthbegtoafwe@tofwmmsﬂlmmsnstawmmnmetwban|bt0t&gdcroprocessor
V\%WB} g]e(mgrﬁliglg (ﬁr&m:éhe scope of the present invention. Alternatively, both
sides of the e

brane can be covered with the exception of the 15target
area 20Dthelaeoimaimg igatthhisystzin sarvalgy dreasrafigieprrkdsuch measurements.

?%ngple, the immunosensor or the meter camiiggcired to measure a temperature of
one or more chambers of the immunosensor, measuméeothe temperature of a sample,
or measure, determine, or infer a variety of ottheracteristics and/or properties of the
sample and/or the system. Still further, one s#liih the art will recognize that these
features of a control unit can be interchangedsatelctively combined in a single control
unit. For example, a control unit can both deteeran initial fill velocity and measure a
temperature of a chamber. In other embodiment#jpteucontrol units can be used
together to perform various functions, based atleapart on the configurations of the
various control units and the desired functionsg¢gerformed.

Other types of sample analyzing devices can bé mseonjunction with at least
some of the systems and methods disclosed heféiase devices can include, by way of

non-limiting example, electrochemical cells, electremical sensors, glucose sensors,
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the sample and to provide mechanical robustness to the apparatus.
Evaporation of water is believed to be undesirable as it concentrates the
sample, allows the electrodes to dry out, and allows the solution to cool,
affecting the diffusion coefficient and slowing the enzyme kinetics, although
diffusion coefficient can be estimated as apgve. 20In an alternative
embodiment, illustrated in FIG. 5, a hollow&lectrochemical cell for use with

the systems and methods disclosed herein is.provided. The .electrodes 305
A o I PSR BT 245 B O bR
cethluliopeninth 8 3hcaiebanaigridgdievicn sldagt chsecslnvgloereblyeaglucose sensor
sample can be admitted.into.the cayity 332. Inthjs emhodim embran
e s S LBicE felEn s BBkl oS, ety mhe ce
Tdenetedtrdd esthanstapere rarratyec? @b feyinatinppddoleass afatitesuz320203, and can
above. ay of non-limifj ample, the electrodes can be ced apar
o B 2 e AR e e AR dE 2BSHSHHR2 on the lower
nsicrizme 208 ando cbRatericedeneters sbeahodeiBpowic @ndher sipped suwwface 202. The
preé%ﬁp%ientﬁiéﬁﬂgesoégr? %lét 1qu 'Peiar et résvtgrgf%oﬁ%gu Osrchi: 2 gers. the reaction
The LREGS LeiVotame tan Be about T.5 Ymicrofers oriass 8351\ g
ebeotfoctefrocakbcetis b FEER IR Gecanibe aadviny kbejinocteon athrtb@ance, the

meters, control units, and qther components steps of the device )
B Rl LT EMBO LB s (B SEARER by distance
aelduich daaniiead wibitseoit Iy | G&s 3 s alnet o timel ratisl (B, dtactnuicNentc284eb2Eaf at the
Hod et.al. titled "Electrochemical cell" and filed on April 17, 1 th
e CiRen SO Eh BRRCRE TR GG el B ANGYRIE B 8Pt Est and &
est@agyestalectificisemicab i sarsbe substiumiatipreveth tAgpeedgtan be less than

dj | d IS, I incl
A S Y SRS RS o 0 s
réfR0ency eieeteosicand ONBFOADARICE Iarly inTthe useigsan B troctmemstets to about 200

%ﬁré%%% e%ﬁﬁﬁrﬁé%ﬁ%%’ﬁ%ﬁ'?%ﬁ%&@ﬁi@gm@%%@ﬂ%&&%g%ﬁnfboé’vsi&ected such

owing example’ owing examp e system

inbhtdbe sesatipicpandiictintiaiovice imissirtiadtadeeiatiraumodeng @laGitadeof

tFO'G- 2, 3L GPOBELE Q18RRI ROUIMRY BPARHRINCC! HBILARIIAY Hhe electrodes
can be planar. Further, while in the illustratesbediment the electrodes 205, 206 are
facing each other and are substantially opposeathier embodiments the electrodes can
just be facing each other, they can be substant@ibosed to each other, or they can have a
side-by-side configuration in which the electrodes positioned approximately in the same
plane. Examples of different electrode configumasi can be found at least in U.S. Patent
No. 7,431,820 of Hodges, entitled “Electrochemfcall,” and filed on October 14, 2003,

the contents of which is hereby incorporated bgnegice in its entirety.

A sample deposition or “target” area 207 can dendd on the upper surface 202 of
the membrane 201 and can be spaced at a distazatergthan the membrane thickness
from the cell zone 204. The membrane 201 can haliffusion zone 208 that can extend
between the target area 207 and the cell zone 2&uitable reagent can include a redox

mediatorM, an enzymé, and a pH buffeB, each of which can be contained within the cell
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determine the initial fill velocity. In particular, a potential was applied to the
electrodes of the immunosensor 110, a level of hematocrit was determined,
and then the potential was reversed. The concentration of the analyte was
subsequently determined in view of the determined level of hematocrit. The
level of hematocrit was determined in vie_v:églf_a 20calculated initial fill velocity.
A plurality of samples were provided for afalysis to test the performance of

the s s, devices, and methods disclosed, herein.. The s les were
O 2L R e B e 2 D o Pk e e AL 8,207 The
ofehgemalytedisinin clatierpinbilixeas H#mel chediatration of C-reactive proteins.
The samples coptained four different levels of 25hematocrit, which were
o 3B B SR SEnSoF A dEoret oS AT B Bgelie b 260 207 and the
rétodid togienamte ¢cha adck tacyaod $hib s ysit o) el Sldte i) italdveletitydst Whieh the
four levels of hematocrit were roximately 33%, approximately 41.5%,
ot oS pe e el T G e
hematoﬁiatc&iloweléc_ttremmmarmnlihalmecbsgdﬁrmld@vi&;&seambdiments of
1893 1% SAITIPA 0ves &,010ad SReCD 26 BAC IR RGNV SiRmbrane,
- n this first éxample, an imimunoésensor’was’preneated to

approxinzatelgrBysponefovitracxhyaplefwss avcidudés 206 entebgr laashuipfedh respect to

ith the immuno. or,was fi d.to perfor reheating, although
e A Aae26T Rhhes 252, an e R RS R elne. S4iEhe electrodes
ticarmnibe abose i vislkeametmtlododticemdi s dropiEimio toeainouiub osenaode, although
could have been accomplished in a variety.of manners. in.the example h
B P AR AN XAl By IR SXBRG TR the scope
cbbthegresenifterempiproximately two minutes had elapsed, the vent of the

immu.noﬁﬁ@?ﬁéﬂ’\%@/ﬁﬁ%ﬁ%%%jegyo? iﬁ{ | m(?rg% %?ﬁlﬁg%]&odnv&%ﬁ%éb‘ ception of the
piercing instrument’of the meter was 10used to perform the piercing acfl(on,
whigeiataan2fliove ththanbiowll aydisminach tanesespogvehammpahition of water from

sl R S el S
vesdiepptidd ttethe_rc&tetrablmasw qmweﬁttaieaét&p@rai@yeih&a&ytfmaﬁes to dry out,
15 R R B R R SR R FiA e enzyme
potiitd, aitb dnghrdiftesiamdoelfaiesnd ¢an beimstted as above.

In an alternative embodiment, illustrated in F83a hollow electrochemical cell for
use with the systems and methods disclosed hexgirovided. The electrodes 305, 306 can
be supported by spaced apart polymer walls 33@fioela hollow cell. An opening 331
can be provided on one side of the cell wherelgnapde can be admitted into the cavity
332. In this embodiment, a membrane is not uddthwgh in some embodiments a
membrane can be included. The electrodes canahaagety of configurations, at least as
discussed above. By way of non-limiting examgie, ¢électrodes can be spaced apart by
less than about 500 micrometers, preferably irrdhge of about 10 micrometers or about
20 micrometers to about 400 micrometers, and matebly in a range of about 100
micrometers to about 200 micrometers. The effeat®ll volume can be about 1.5

microliters or less.
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approximately 10 seconds. A plot of the current versus time transient

resulting from this example is illustrated in FIG. 6. The initial current for each

sample, which in the present example was measured about every 10

milliseconds and then averaged over about the first 50 milliseconds, is

related to the hematocrit level of the particylar sample. A level of

20hematocrit is determined from the initial"clrrent during the first application

of elect ntjal, while a Iev | of ctiy n is calculated folla

the rovel LB PRI B FIRAL S a5 o P ELM el GRILUL o8 ur A meters

tmermtewunltmchlﬁlletlméme@mmmrmts aMst&sosaﬁWuabsvsyﬂmnmand methods

emb diments it. ma able to on a level of hemat crlt

R B e S R R R St G Sebugs- 35 ave

tiiad gl nie ddl &l anakuma&,eawmaﬂm wug;emmmméﬁmxmnpmmal cell” and

I;—:-I m|n tlon is.]rr]L ag a res 'trﬂf a { v% ré(é otential a atlcr)n trence in its
alodet rmlna’tl ot the KEMatder 2 1eVel d&%?nﬁ)% c}’uu?k yas

thamm&tgl d%reeﬂmplbedah:tulmﬂeeiﬂdaﬂ;dﬂy wag:bhmmmlmmmgwemerpp&,em

tk&e r]ltlal current scaI?uIateI as donan erage over about th dII’St 50
||§c osur sc(%n t]eve \?/ electro alr 1@ emplalra ?&polnc eD yt%omblnatlon

ISecon SMALOCHT ne wing a
fiostviadr kimidjseoantes, 'Cbuateﬂeamlmenmdf% peaibteact|elettndddsiood
sample can be performed in less than one second. - 27 - The level of

hematocrit for each sample that was determined is illustrated by FIG. 7. FIG.
7 illustrdtesA\MplbEat the concentration level of the hematocrit for each sample

Versus tlﬂﬁ?deterrcr}lﬁnedelt%l%; lc rr% EaTgesle Iear agﬁo %_L e%ncpll %ased on
containing ourd eren eveso OCTI Were este corre tes

wnbaherklgmmrrcmndwaldamrﬁedWImﬁﬁH@tmemm@hm lbedtsllof/vmg

h it e 0

SO NS AR R DARRSP nosens
mﬂaﬂs()apip?tﬁtrﬁamlyle@%dmﬁgmt&ﬂ tuepptyad suittparal e sahtiolwend configured to

R T e P R LRI AN Mhnlik s etecrodes o

whe approrivaategrdlZ19vaHadahafd ematoaribzatudevei enththavetize potential was

e AR D HE SRR 9 Sk A p ew of the

atiddlosnedde el I emaacdquitioraiek @bh@mmrdeﬁerbneeﬂtlnnéew ofa

1(§é—| u|8?e8 rﬂq%fiﬁﬁye?dbg 1) where H is the level of hematocrit andis the

|n|t| current. The error veen the equation that illustrates the results of the
hematodiplevalityerbasnnilies svererpranitigtfacwadiygigastithd pariagaance of the

Fé%ténMP&%\ﬂég.éc,LﬁﬂﬁymE[ﬁ’o@s%%ﬁl&%&’%@%ﬁﬁgﬁ'ﬁ?{pﬁ@twere blood samples that

contained C-reactive proteins, and thus the conaeonh of the analyte being determined
was the concentration of C-reactive proteins. Jdmaples contained four different levels of
hematocrit, which were known so comparisons oftéseresults could be compared to the
actual results to determine the accuracy of theesys, devices, and methods. The four
levels of hematocrit were approximately 33%, apprately 41.5%, approximately 47.5%,
and approximately 55%. Testing four levels of heoat allowed the accuracy of the
disclosed systems, devices, and methods to berowdiover a broad spectrum of

concentration levels.
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20existed in each test sample versus the actual measured hematocrit level.

Every actual result but two was within about 5% of the calculated range, with

a substantial amount in the range of about 2 5% Once the hematocrit

level was determined, that result, along with the slope of the current versus

time transient of FIG. 6 approximately between about 9 seconds and about

14 25seconds, was used to calculate the Value of C-reactive protein in the

sample. The. level of C- reactive. protein was determine the equation: Co_

= 2.5+ BB B S R0 R SR ABRT SR IRBRE °C before
pactampEisdwaisihasedauthd ' = Expleasinchtioe deelsolr was configured to
hematocrjt. More particularly, y remgved the effect of hematocrit on the slope

R RS Mar Rl R BT AR B ERNERed SRBRles were
nthisrihetsidpead the chgemnvensise tiste. traftsientisgghrotonaiEsahgileeanto the

about 9 seconds anﬁidaﬁ)out [114 seconds apth is the determined hem&tocrit | h
IEVEN S Rl staites Y Bl Ot Cale AtSy C FSEHUE PRStEtn [bver GramPre eac
esaimpietha sadpigteddralisithaligfbyeney vhlkcepgfamtoma®-tkadilvehznotedn.

as determined by 8 sonveniional snavme immunoassav TheRestibine Mnor was
FIG. 9l s?ra?g an accurgte corre?alljtlon egweeﬁstﬁe’ e'?ermmeof Ievel1 (98

Caoeastiv:d brofeérang the igtisedding eferpuweniler id BSXMPEE Bf the meter was
used to perform the piercing action, which in tallowed the blood to flow from the
reaction chamber of the immunosensor into the tdetechamber of the immunosensor.
As soon as the blood started to enter the detectiamber, a potential of about 300 mV
was applied to the electrodes by way of the meteapproximately four seconds.
Alternatively, the potential could have been appleior to or while the blood was arriving
in the detection chamber. Subsequently, the patemas interrupted and reversed for
approximately 10 seconds. A plot of the curremsus time transient resulting from this
example is illustrated in FIG. 6. The initial cemt for each sample, which in the present
example was measured about every 10 millisecondisheem averaged over about the first
50 milliseconds, is related to the hematocrit ledfethe particular sample. A level of
hematocrit is determined from the initial currentidg the first application of electric
potential, while a level of C-reactive protein eéaulated following the reversed potential,
based on the slope of the current versus timegpidtthe determined level of hematocrit.

As discussed above, in some embodiments it malebieable to only measure a
level of hematocrit. Thus, the first calculaticaiskd on the initial current may be the only
step that is needed to make that calculation. &ihithe present example this
determination is made as a result of a four sepanential application, the actual
determination of the hematocrit level can be deteeohas quickly as the initial current can
be calculated. Thus, by way of non-limiting exaeypl the initial current is calculated
based on an average over about the first 50 nubisés, the level of hematocrit can be
determined following about the first 50 millisecandlhus, measurements of a hematocrit
level of a blood sample can be performed in leas tine second.
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The use of an electrochemical system to measure an initial fill velocity based

on measuring current flow was further demonstrated by another example.

The sample analyzing device that was used in this example was also the

immunosensor 110 of FIG. 2, a meter configured to apply a potential, and a

control unit configured to determine the ini i?I 20fill velocity. In particular, a

potential was applied to the electrodes of the immunosensor 110, a level of

hematocrit was q[et mined, an(gthen he potential was reyersed. T.*ne

concenti i §FLRL A RO L SRS el R el o Hlrated by FIG. 7.

deterniirctetesad béohafabet cEimodatrttitrelpviesheuscexatoglie fer rmavibaaaiple versus

S m% having, varying hematagyit levels were use% ith the system in order .

Feeipne Al R SheBI9ES SR DAl AR S et ing Tour different

hieretoof ih earatestiati@nenterst e wbichn aterhe Biaboth @ ppoxmtatede dtétion levels.
roximately 47.5%, and approximately 56.5%.. sample was

T S BB R ST e e G e nspite values of

straplrec asteeelititeafit winantb e Famcraonpld [ dedptedct @nocm@beativhefehématocrit

remained for approximately five minytes. The vent of the immunosensor was. .

B A S B T S R S A RS Bmareny i

allfeviaggb e bidol b8 e saogrtger2s tadamactBommtiopenesumbie sson peldvaving a

from the reaction chamber of the immunosensor inta the detectign chamber
o o e o e R S S AT S e
leadt e that therseabippronapelyantthprosidredod ddfuatie tram far dsetaatiopet 26

e 6%%%%9?8%%%2&'?@"%”& 1S O 7 DPAIO R fnteorgd'vf& ?c;‘:rna}é‘%{so illustrated
react, particularly in'view of the unheated reaction chamber. Pfeheating the
inmflGoSensbe cquspeadhhiscimel atgsawitiethetiitriwed oy Example 1

above. In the present example, however, no heating component was

included, which provided the benefits of eliminating complications and costs
associated with incorporatirgr#® haatisege|ement with the gzgtery. In such

instances 10where a temperature of a chamber is not known or constant,

however, the calculations performed to determine levels of hematocrit and/or

levels qf C-reactive protein should account for the effect of di herent ambient

R A YL URE 8 ool LS Sl B LG Shagn the
PEQVISRSH AR TSP BIME Ao R eRRREIRRRANS IHRNLGHRAnd the

the sample can be inferred. 15Similar to the earlier example, as the blood

sheited) f@_%ﬂtéﬂ%ﬂ@’é@t@ﬁﬁbm ﬁ&nﬁeﬁ}@%%%ﬁﬁp@ﬂ!ﬂ@té’ﬂﬁmwm error that
WageRlis L iR e Sleciisies RysyayHy SemaiasiBeARREXMEIRY Every actual result

seconds. Subsequently, the potential was interrupted and reversed for

dpir xRS YisezBAdEApIBt BraraledaledgR0MEnaRIBEERHNRl amount in the

tr@p@grgfv&%&{e@t_g%n a manner similar to the plot illustrated in FIG. 6.
From the resultin%‘plot, a level of . _
Once the hematocrit level was determined, thatlteeong with the slope of the

current versus time transient of FIG. 6 approxirtyabetween about 9 seconds and about 14
seconds, was used to calculate the value of Civegutotein in the sample. The level of C-

reactive protein was determined by the equation:

C, = —35+0.866exp(y) (Eq. 2)



10

15

20

25

30

20hematocrit was determined from the initial current during the first
application of electric potential. Subsequently, a level of C-reactive protein
was calculated following the reversed potential. The calculated level of
C-reactive protein was based on the slope of the current versus time plot and
the determined level of hematocrit. Accounting for the temperature in this
example provided further accuracy, as shéwn below. 25The initial current that
S degermi d for eac sampl illustrated b FIG .FIG, 10| bust ates a
O e B G AP S e e R RS (1 B AL entioned
chlapdandfttiee leve LmMnawontwmkdnethmsmlgmermwmpm&fﬁmaﬁhahatocnt on
ts for the four t the four different levels of
bR B TR O Bur G ihacely 20 1o
approximately 37 C. Generally, higher 30levels of hematocrit led to lower
absolute values of the initial current. As temperatures in the chamber
increased, the absolutewalues_oﬂhe_muml current also ggrgrally increased.
As - 30 - shown, the initial €ur@AVaried linearly with temperature when the
hematocrit was fixed. In view of the temperature of the chamber and the

initial current, the level of hematocrit was determined by the following
eqbatiem IS tHe=sIgp4 0P thei tuI0eT B VEEqud fiwiecteuhEapnexiavalaly between about 9

QPR B o IR RIS i o waes o
mmmmmtatapﬁmemmeMam Meaefsmo‘fvﬂnmslamplfs \FGusthe reference

ferenc
hema%ocr%?ée%ﬁ% ?t sampﬁ ﬁ)t%(iho SI e e fﬁlgerﬂ@(%ﬁa#% % ﬁnmunoassay
ehfitsobésaktitsinm in 5lﬁnﬁ’aibaital&&a@exm%&iaﬂen@waﬁemeterm|ned level of

a&oyg&g{ g% g@%ﬁﬁaﬁgﬁ@ (t;‘] H?e%%%@g) CI:OI’ldItIOHS that can be

evaluate etermlnatlons 150nce the hematocrit
level was determined, that result, along with the slope of the

EXAMPLE 2

The use of an electrochemical system to measuirata fill velocity based on
measuring current flow was further demonstratedrmther example. The sample
analyzing device that was used in this examplealssthe immunosensor 110 of FIG. 2, a
meter configured to apply a potential, and a caoninit configured to determine the initial
fill velocity. In particular, a potential was ajgd to the electrodes of the immunosensor
110, a level of hematocrit was determined, and therpotential was reversed. The
concentration of the analyte was subsequently Edbtxiin view of the determined level of
hematocrit. Similar to the previous example, a banof samples having varying
hematocrit levels were used with the system inoimleéemonstrate the capabilities of the
system. The known levels of hematocrit concerdratvere approximately 33.5%,
approximately 41%, approximately 47.5%, and appnaxely 56.5%.

A sample was introduced into an unheated immursmsdry way of capillary
action. The sample entered the fill chamber andetdo the reaction chamber, where it
remained for approximately five minutes. The veinthe immunosensor was subsequently

opened by piercing the first sealing componentgetbne allowing the blood of the sample
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current versus time transient approximately from about 9 seconds to about 14
seconds and the temperature of the detection chamber, were used to
calculate the value of C-reactive protein in the sample. The level of
C-reactive protein was determined by the equation: 20Co = -5.7
+1.78exp(y')(Eq. 5) where Co is the concegknsration of C-reactive protein and y'
is based on the temperature of the detectiéi chamber and a variable y, which

in,turn is based an the aforementiope n evel of h atocrit.
B0 e T P ety TP b TR e LRy D i iaosensor into
c&ieLdetedtbmthafmlmmngtbquatmnnc(Eenﬁ)rlwl]@ﬁ&é'l'saZ@Ie tallvawlimngélf before
is the Iem e of thf etection chamber of th&ﬁgﬁpae nos Sﬁ)r and y.is a
q

IS RSt O e R SEBRP R e FheEGuAo FPe antigen and

aﬁmm&'fbddyt dnzxjsmpe;ohwwe bythe:eﬂmnmmemnmeymmrbact particularly in
ap I’OXI tely in the ran eof abput f urt t seven ercent for .
B s R e TR I FESRer e g this time

Tup5andenisratneab by EXam plstaraxﬂmwbtemnmmfemﬂﬁlé; waewe,rmt heating

temperatur shou.ld r for ths m ust d accordn
O R R R D oy B RN el AR A ERHE Reons anc
ecpeEtsas saibtied mhbnmpmmmr@ammmmmuthhlsyhmmmmsmm instances

SRR, EmpRraturs ols, JOThe VAraRIe WA SAISHALARY Bcuiations

ng?(])wmg equ tlonLﬁ 90 &lﬁi@%’ eremis ﬁope OF the cutrent

veesio e ﬁmadmlennmmoimxedﬁalélyelmmm abliineds of C-reactive protein should
account for the effect of different ambient temperas in order to provide more accurate
results. Such accounting was provided for in seisond example. In one embodiment, the
temperature of the sample can be inferred.

Similar to the earlier example, as the blood sthto enter the detection chamber, a
potential of approximately 300 mV was applied te éhectrodes by way of the meter for
approximately 4 seconds. Subsequently, the paleméis interrupted and reversed for
approximately 10 seconds. A plot of the resultngent versus time transient was created
in a manner similar to the plot illustrated in F&. From the resulting plot, a level of
hematocrit was determined from the initial curréating the first application of electric
potential. Subsequently, a level of C-reactivagirowas calculated following the reversed
potential. The calculated level of C-reactive pnotwas based on the slope of the current
versus time plot and the determined level of hesrdtoAccounting for the temperature in
this example provided further accuracy, as showovhe

The initial current that was determined for eaaimple is illustrated by FIG. 10.

FIG. 10 illustrates a plot of the determined iiiarrent versus the temperature of the
detection chamber of the immunosensor in whichsdmple was disposed. The initial
currents for the four types of samples (i.e., the different levels of hematocrit) were
measured over a range of approximately 20 °C tocxpately 37 °C. Generally, higher
levels of hematocrit led to lower absolute valuethe initial current. As temperatures in

the chamber increased, the absolute values ohiti@ icurrent also generally increased. As
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15seconds and about 14 seconds and H is the determined hematocrit level.
The term (1- 0.01H) represents a fraction of the volume that is plasma that is
then raised to an arbitrary power. The power can be obtained as a calibration
coefficient. The slope of the transient approximately between about 9
seconds and about 14 seconds was a function of C-reactive protein, a
hematocrit level, and the temperature. 20When the concentration of

C-reactive protein was fixed at oxi 0. 15m her s still a

S L e R LR AR B R e haBerit was fixed,
tmenatmlfrmaseshpwauurﬂﬁi tA@ dREmMBAEr iknstites wMempftltieeleimemhmdatocrit was
sr{]os@e vers§ re% rp(merature of tht? detection chamber of the immunosensor

[ ﬁféﬂ'?ﬁ %’\’Hﬂ'@p%%a 'Wtial currents for each of the four

hematocrit level samples were measured over a range of 25 approximately

20 C to approximately 37 C. Ge aII the greater the level of hematocrit in a
sample, the lower tH'eYVaTJelof% é As temperatures in 8 Hamber

increased, the values of the slope generally increased. FIG. 13

illustrates a plot of the calculated C-reactive protein level of each of the

sameies hotied vbeoiateatitsu, Diapmiakinatety, eiftieiabitda iiaarre of the
about 47.5%, 30versus the reference value of plasma C-reactive protein as
deeteatinoccbgralnveimdaalo-13e eanigyrasaniie eseasan. thﬁeesématemlevels of

| t la t t
O S SRR AL SSRGSt e porcem
vﬁnrapmetiex@tadﬂ ﬂe&@lmmampleyemm@e\n@mmﬁahwﬁhﬂmm eample.
S SR A 4 R yalue
L@ewmmﬁtjgﬁdﬁdnaﬁm hekarny At ans ueniigBEasINant 3194 Ve oS mlewal
S@Gf’ﬂfﬁoﬁ@%’a{?d%{ﬂ{'ﬂ?er X, ERGHRG IR0, BGGHY ALAGIRIRY QR PR SaTbrRS Ult

from varying levels of hematocrit in blood samples, one skilled in the art will

recognizeneRthed@iatetitLrehvnscdetrivinadchatiied prouyish tbe glope of the
VAl BhPTBIEEE SATRPIEHSRIHRLBRSIANES %ﬁjo?ﬁ@ testdpne f@ﬁﬁg’uf’fm seconds and

antigens and/or antibodies contained within"a sample. One skilled in the

dfeviRRaRer AsR AIZE endetectRNsiambelivRy eriewrales! atpstbmyalupiof C-reactive
dsraesR RRNSaRBIECUNea8YRIBN Che RANBHIRRWAS YERSAlIRR tHRWe quation:

based on the examples to which the equations were applied. One skilled in
the art, in view of the present 15disclosure, will be able to make adjustments

to the disclosed equatians 4o PHhafsiaioNs (Eq. 5)

whereCo is the concentration of C-reactive protein ghid based on the temperature of the
detection chamber and a variaijevhich in turn is based on the aforementionedesiamd
the level of hematocrit. More particularly,removed the effect of temperature on slope

and was calculated by the following equation:

, y
- Eq. 6
Y =1t 0064T - 25 (Ea. ©)
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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 or order of the steps, except where indicated. One skilled in
the art will recognize various 20orders in vr{][ich the methods can be
performed and further will recognize that$teps can be modified or added

SHEBIRE BT B U R A e LB SREGH S  term
h@mmeran\m use@ﬁeetdeBaaobmrgmatbemme&uBatmyt Bssumes that the
chemical Met nd filed o

42 102 0 es et entrtled Electro
i q&?d“ﬁ 'S E%{ Rig 8&?9%2%%?%86@%? ‘ﬁré%l‘ge of about four to
Elmwtcgmmnlparcmit m’rotafﬂerd)mrnmjrylfﬁrew&iﬁgﬁd@ (Patmng‘éanﬁéﬁﬂérﬁﬂ.rre

égc amb ers et al., entitled ' St SPr onn qu filed ) 25 °C. |f
e g0 oS BRI NG 6 SIS A A a
Hlﬁadr@drﬁhermthmrecﬁh@ed bmddnredted BEMMrlbemﬂmslérSaE{almhhgly. In fact,

No. 6 fHo et al entrtled 'Hemoalpb ensor’ and fil
Jup fjﬁ E%}g zbeé%%ngll\ga aa é) t ? |s eﬁﬂaﬁon and the other
Aqtratrmiamd&ehmmfd Hnrcd)tﬂg#d)untﬂlﬂ)dib@kmﬂ@pthe mme&lmemsém{iﬁémfetc.

Hodgesgt al., e Ied 'Meth dofF mi lectrical - 3-_Connection
Betweerﬁam eg#J oe(fhemrcap%lfeﬂt cg) ¥1 Rf%?é’r“%anﬁ% e ?ﬂécember 9,

2002, U.S. Patent No. 7,043,821 of Hodges, entitled ' Method of Preventing

Short Sampling of a Capillary or Wicking Fill Device" and filed on April 3,

2003, and U.S. Patent Ni&s 7-43;[-%20%@ Hodges et al., giiijlen)

“Electrochemical Cell" and fisdP8Hctober 1, 2002, each of which is hereby
incorporated by reference in its entirety. Further, to the extent the

disclosures herein are discussed for use with a device having a particular
cohfigenaifoihcasippembidect woarit veasion $icent tan i oRtm atelyripdéyveemabout 9
COBIGHERIANS 1630 BB UsRE MR RERFRLALSFISED (IR SOMRERm (1.
having 10two electrodes tacing eac er, sensors having two electrodes on
tlﬁ)eoéalrﬂheqmmraacasfmme abtheg/oiiwecclbplasias, thab isttidicraiaed to an arbitrary

%?d 7hd ;5 Q! WANDAEBAMEE 2008 S&ﬁﬁ#ﬁn&ﬁ@%ﬁt‘“ﬁere”t

guratlon can occur In any number of devices |nclud|ng IMMmMuNosensors
and the Diiseslang @rhtheitiaogieet/reproxiratelnbpbremiafseevitsand about 14

syaleas %sta%mﬂ%ﬁa& Ee-r@géf?\t/%%%ﬁn%&qggniﬁevel, and the temperature.

When the concentration of C-reactive protein wasdiat approximately 0.15mg/L, there
was still a considerable variation of the slopehwéspect to hematocrit and temperature, as
shown in FIG. 12. FIG. 12 illustrates a plot of tihetermined slope versus the temperature
of the detection chamber of the immunosensor irclvthe sample was disposed. Initial
currents for each of the four hematocrit level semvere measured over a range of
approximately 20 °C to approximately 37 °C. Gelgréhe greater the level of hematocrit
in a sample, the lower the value of the slope.tefysperatures in the chamber increased, the
values of the slope generally increased.

FIG. 13 illustrates a plot of the calculated Ceteee protein level of each of the
samples having a hematocrit level of approximaggiyer about 33.5% or about 47.5%,

versus the reference value of plasma C-reactivieppras determined by a conventional
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15desired 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 appended
claims. All publications and references cit >é%?herein are expressly

incorporated 20herein by feren their What is claimed is: -
RS TR ARG SRS TUE AR R b VARS 87 AUmERRRIEE aton
sbmwbemmdrﬁmemmmf Providitgeapsamiol thef eduilaleloodterance value.
sample gnaly (Ji%#ew e haV| aca |Ilar%/st measm an |n|t|aI|f|Il ;
eloty SRR SR FeRER BaRee Rt onn Rranes i Merdh two o
L@d&iﬁmmmmesh:émamd:heWemmgﬂemwmpbdfmwhmmaﬁbﬁmedIWWU%d Further,
metmﬂ of claim 1, wherein mea r|n ﬂf&: If|IveI0(:|t ofth samp
R DA R R A A0 e et AT e
coorgat)cioh dﬂtlardmtengmmgwmabmeetmﬁow of&rﬂm mbmbhbmﬂ damp& and are

Wr%%{ﬂ mfeasurlggoﬁnalgétlalfllv OCIt furt er.com r| S per;%rnralpe%ep eﬂ%ematocrit

easurements approxima e ery ﬁllseco or Far ¥
in blood samples, one skilled in the art will renzg that the disclosures contained herein
can also be used for a variety of other sampletagung analytes and can test for a variety
of antigens and/or antibodies contained withinrada.

One skilled in the art will also recognize thathe extent various methods, systems,
and devices rely on a particular equation, the ggus provided are generally based on the
examples to which the equations were applied. <Rilked in the art, in view of the present
disclosure, will be able to make adjustments todiselosed equations for other situations
without departing from the scope of the invention.

Still further, the methods discussed herein, sagthose related to determining a
concentration and using the systems and deviceslsw not limited by the particular steps
or order of the steps, except where indicated. $baiked in the art will recognize various
orders in which the methods can be performed, arilldr, will recognize that steps can be
modified or added without departing from the scopthe invention.

Non-limiting examples of some of the other typédevices with which the
methods disclosed herein can be used are discirsgeghter detail in U.S. Patent No.
5,942,102 of Hodges et al., entitled “ElectrochexhiMethod” and filed on May 7, 1997,
U.S. Patent No. 6,174,420 of Hodges et al., edtlitidectrochemical Cell” and filed on
May 18, 1999, U.S. Patent No. 6,379,513 of Chamékas., entitled “Sensor Connection
Means” and filed on September 20, 1999, U.S. P&en6,475,360 of Hodges et al.,
entitled “Heated Electrochemical Cell” and filed 8aptember 11, 2000, U.S. Patent No.
6,632,349 of Hodges et al, entitled “Hemoglobinsehand filed on July 14, 2000, U.S.
Patent No. 6,638,415 of Hodges et al., entitledtidvidant Sensor” and filed on July 14,
2000, U.S. Patent No. 6,946,067 of Hodges et ritled “Method of Forming an Electrical
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on the current measurements. 4. The method of claim 1, wherein measuring
an initial fill velocity of the sample further comprises detecting an optical
signal. 25 5. The method of claim 1, wherein measuring an initial fill velocity
of the sample occurs directly after the sample enters the capillary space. 6.
The method of claim 1, wherein measurif%%ﬁ initial fill velocity of the sample

S GEUEE FLoE DERE AP LR LAA e BaEeapiper 9, 2002,
niethodaténtaino. E,Mﬂ]eﬂmmﬁblmiggsatdaaﬂedﬁmdbﬁﬁmm Short Sampling of a
f he 8.T
SR O Sk e AT A s 0 Tt B Gl asp: 7:431.820
%mHedgemedabf cdatrtie’bl \Ememnthmmammmwwmddmmame,umoz, each of
the om rlsmr%l gl Iat|]n aconcet%ﬁ?h n of the analyte in view

o‘f"efh‘é?‘ 'éc'term‘? d'K or’rPa?octr? a US%TB S1hENEod of claim 9, further
comprisigtlzgplionyasdEtticepdiseitalres hereirdmaussed for use with a device

having a particular configuration, any number affggurations can be used. For example,
some configurations that can be used with the ptetisclosures include sensors having
two electrodes facing each other, sensors havingetectrodes on the same plane, and
sensors having three electrodes, two of which ppgsed and two of which are on the same
plane. These different configurations can occlarig number of devices, including
immunosensors and the other aforementioned devices.

Various aspects of the devices, systems, and meiten be adapted and changed as
desired for various determinations without depgrtiom the scope of the present
invention. Further, one skilled in the art will@pciate further features and advantages of
the invention based on the above-described embadémé\ccordingly, the invention is not
to be limited by what has been particularly showd described, except as indicated by the
appended claims. All publications and referendesl terein are expressly incorporated
herein by reference in their entirety.

What is claimed is:
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measuring an initial current after applying the electric potential; and
15reversing the electric potential. 11. The method of claim 10, further
comprising measuring a change in current over a period of time following
reversing the electric potential, wherein calculating a concentration of the
analyte further comprises calculating the copcentration of the analyte in view
of the 20change in current over the period™of time. 12. The method of claim
18#(&1% comprising at least one of measuring a temperature of the sample
ing a temperature of the sample. 2513.The method of claim 12,
further comprising measuring a change in current over a period of time after

chiyte RO L e Y AR GRS ape metnos

od':d)hqocismg;e in current over the period of time and the temperature of the

2 samp B R S T BT 2 SRR R 5 oA R capitr

aspartggle analyzing device having a 5working electrode and a counter

electrodeg; plyin tri oten ial between t ectrcﬂ

and the B e e R A TSR b AL ek L AR Re capitary
asphcalcatating a concentration of the analyte in view of the initial fill velocity.

10 15. The[ method of ﬁléar'nr%t%%’rr\f\melrem g?hermlnln ﬂ?lnlll é'lf\flelo 'tgrty
further comprlses easurlng an initia current a e electr IC

potential; determining a level of hematocrit in the sample and 15reversing
tl}? e'e%c teetﬂt%l b]e cY\élmrELt Whe%lfr'lnr% es(f}rrﬁ%ea%qﬂf{rﬁ%gl%qu/e{)f the sample
further comprises:
applying an electrical potential,
measuring an electrical current; and

determining an initial current flow.

3. The method of claim 2, wherein measuring an inftieelocity further comprises:
performing current measurements approximatelyyet/@milliseconds for at least
approximately 50 milliseconds; and

calculating an average current based on the dumeasurements.

4. The method of claim 1, wherein measuring an inftiavelocity of the sample

further comprises detecting an optical signal.

5. The method of claim 1, wherein measuring an inftiavelocity of the sample
occurs directly after the sample enters the capipace.

6. The method of claim 1, wherein measuring an inftievelocity of the sample
occurs after the sample crosses into a regioneotaipillary space of the sample analyzing
device where a detection signal is generated.
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electrode. 16. The method of claim 15, wherein calculating the concentration
of the analyte further comprises computing the concentration based on the
determined level of hematocrit. 17. The method of claim 16, further
comprising measuring a change in current over a period of time following
reversing the electric potential, wherein c_a%%l_lating a concentration of the
analyte further comprises calculating the concentration of the analyte in view
of the change in, current over th riod of time. 18, The method of claim 16
erein HE THHIETE GhiAGes (e OB AL b R P ESH R A spperature

ledishersaoipiecasiniegiagemperrpénatuvé tbethvdysenblood or inferring a
temperature of the whole blood. - 37 - 19.The method of claim 14, wherein
determining an initial fill velocity further comprises determining a rate of
cBange Thamugitiodl sighaihtolcaltidsdin thre indralld seklgdimgee?d di@énmunosensor.
method of claim 14, wherein determining an initial fill velocity further
comprises determining an initial current flow to determine the initial fill
v@locity T124 niétb odenh othivh dlaivh2fsintiezesardpte imotumie analyite | tberreathod further
flggvn{uhtgl%r 10comprises:  performing current measurements
apprd%(image'ly every 10 milliseconds for at least approximately 50
millisecaadtslatidgcal colatient i averfdde anabne hasadie theteumieed hematocrit
me?surements. 1522.The method of claim 14, wherein determining an initial
fiﬁ%g%city further comprises determining an initial fill velocity directly after the
sample enters a capillary space of the sample analyzing device. 23. The
mghod fheRist BPSLFIR doTarminA0 AR/ fil velocity further

applying an electric potential;

measuring an initial current after applying thectlic potential; and

reversing the electric potential.

11. The method of claim 10, further comprising meagyarchange in current over a
period of time following reversing the electric potial, wherein calculating a concentration
of the analyte further comprises calculating thecemtration of the analyte in view of the

change in current over the period of time.

12.  The method of claim 10, further comprising at leas of measuring a temperature
of the sample or inferring a temperature of thedam

13. The method of claim 12, further comprising meagyarchange in current over a
period of time after reversing the electric potaitivherein calculating a concentration of
the analyte further comprises calculating the cotre¢ion of the analyte in view of the

change in current over the period of time and ¢émeperature of the sample.



20comprises determining an initial fill velocity after the sample crosses into a
region of a capillary space of the sample analyzing device where a detection
signal is generated. 24. The method of claim 14, wherein the sample
analyzing device comprises an immunosensor. 25 25. The method of claim
18, further comprising measuring a changgén current over a period of time
after reversing the electric potential, wherein calculating a concentration of

the analyte fyrther.comprises calculating the concentration of the analyte, in

e of th SR 4 RTS8 AS WA AUPH AL 5 B AA TS, T method
etectnodsiegnical system, comprising: an immunosensor having a lower

electrode and.an upper electrade: a meter confi ureglto apply.a :
ottt LEULGh e B G e, s S RAL B Rd ce having a
invorkinasetescirperchnd aaanunitel efetooaleected to the meter so that the

control unit measures an initial fill velocity of a sample introduced into,the
mmuncREROGA SR T A reh) SR e g Sounter
veleetimideematocrit of the sample when the sample is blood and a
concentaatf'ornmqf an arg]alxltt?ailruﬁw\%?g&} Ief gho %ngqgn%Iectrochemical

system oFc?aim%g RRREr comprising Nea ing A configured to heat

at least eghaurtaimgfaive moemiratsenedbthe28ndlyeedlevtEhttieemitial Bifsteloodi .

claim 26, wherein the immunosensor further 15comprises: a first liquid
reagent comprising an antibody conjugated to an enzyme in a buffer, the first
ligbid redgenhbting sfrijanimibdhe henain elettrodeing dudakiil] velozise banicer

Ii(%li relzggg_nt comprising ferricyanide, a substrate for the enzyme, and a

me

iRtor in-a dilute acid solution, the second liquid reagent being striped on
the lowaneasuring an initial current after applying thecslic potential;

determining a level of hematocrit in the sampled a
reversing the electric potential between the waglelectrode and the counter

electrode.

16. The method of claim 15, wherein calculating theasoriration of the analyte further
comprises computing the concentration based oddtermined level of hematocrit.

17.  The method of claim 16, further comprising meagyarchange in current over a
period of time following reversing the electric potial, wherein calculating a concentration
of the analyte further comprises calculating thecemtration of the analyte in view of the

change in current over the period of time.

18. The method of claim 16, wherein the sample comgngeole blood, the method
further comprising at least one of measuring a enadpre of the whole blood or inferring a

temperature of the whole blood.



20electrode and dried; magnetic beads conjugated to an antigen, the
magnetic beads being striped on the upper electrode and dried thereon; a
separator disposed between the lower and upper electrodes; a
reaction chamber formed in the separator and having the first reagent and
the 25magnetic beads conjugated to the antigen disposed therein; a
detection chamber formed in the separator’ and having the second reagent

djsposed therein; fill chamber formed at least parti in the s ator

A one S TeP g o SR S SHLAE s IEY AR BT e

detepinseschdenenising aveitappicigaaigdOleast dptigarintottieulesetioa initial fill
mber; a vent formed at least partially in each of the separator, the lower

ch
B (Feke e, and the - 39 - upper electrode, spaced a distance apart from the
reaction chamber, and overlapping at least a portion of the detection

chamber; first sealing.compaonent having.an incar ted .
cong e R MR TSR D SR osiupaie
ovemiresesrdetarchaunfigameditiafounrentviidvo ft diasefi| hehtiue et alnfl| seso dity .
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
veht. 10P8eTime thled tod atieimi @4, syt roflelainm 2 gvadaditbutie riirBosehlitiger
comn;l)onent_comprises a hydrophilic adhesive tape.

comprises:

performing current measurements approximatelyyet/@milliseconds for at least

approximately 50 milliseconds; and

calculating an average current based on the dumeasurements.

22.  The method of claim 14, wherein determining anahifill velocity further
comprises determining an initial fill velocity dotty after the sample enters a capillary

space of the sample analyzing device.

23.  The method of claim 14, wherein determining anahifill velocity further
comprises determining an initial fill velocity aftdne sample crosses into a region of a

capillary space of the sample analyzing device wledetection signal is generated.

24.  The method of claim 14, wherein the sample anatydievice comprises an

immunosensor.

25.  The method of claim 18, further comprising measyarchange in current over a
period of time after reversing the electric potaitivherein calculating a concentration of
the analyte further comprises calculating the cotre¢ion of the analyte in view of the

change in current over the period of time.
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30. The electrochemical system of claim 28, wherein the control unit further
comprises an optical signal detector configured to measure a rate of change
in an optical signal to 15measure the initial fill velocity of the sample. 31. The
electrochemical system of claim 28, wherein the control unit further
comprises a current flow detector configured to measure an initial current
flow to measure the initial fill velocity. 20° 32. The electrochemical system of
cr%aém 28, wherein the control unit includes .a.configuration to measure the

[

al fiIIA\}él%la B L BPéShﬁFacﬁQ'HRQPm%: sample enters a capillary
space oathenimuomnosesesdtaZinglbeelattorbdmiad petefecfedaim 28,
e BT SR ST AR e e over
spiectrofiehefithenimosertsensberaraldetection signal is generated. 34.The
electrochem}ﬁzr;ll

system of clai 8, wherein at least one of th e
bR RE T e ke SR R T e measwres qryinital fl
le@bd cineaffasanop@tmgodnotio nstatea some anese@erd tuse Dilibarsaanbike \azlocity to
'rc]:fa E:al(t;l%g]gtelreaz;[lgf%ﬁfetgfezasegft?leebf hematocrihefsample when the sample is blood and a

concentration of an analyte in the sample.

27. The electrochemical system of claim 26, further poging a heating element

configured to heat at least a portion of the imnsamsor.

28.  The electrochemical system of claim 26, whereinitim@unosensor further
comprises:

a first liquid reagent comprising an antibody emgted to an enzyme in a buffer,
the first liquid reagent being striped on the lowksctrode and dried;

a second liquid reagent comprising ferricyanidsulastrate for the enzyme, and a
mediator in a dilute acid solution, the seconditiqeagent being striped on the lower
electrode and dried;

magnetic beads conjugated to an antigen, the niadreads being striped on the
upper electrode and dried thereon,;

a separator disposed between the lower and upguragles;

a reaction chamber formed in the separator anmhgale first reagent and the
magnetic beads conjugated to the antigen dispbszdin;

a detection chamber formed in the separator anithdpghe second reagent disposed
therein;

a fill chamber formed at least partially in thg@aeator and one of the lower and
upper electrodes, spaced a distance apart frometieetion chamber, and overlapping at
least a portion of the reaction chamber;

a vent formed at least partially in each of thessator, the lower electrode, and the
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upper electrode, spaced a distance apart fronmetwion chamber, and overlapping at least
a portion of the detection chamber;

a first sealing component having an incorporatgecaagulant coupled to one of the
lower and upper electrodes, disposed over the aedtconfigured to form a wall of the fill
chamber and seal the vent; and

a second sealing component coupled to the othiiedbwer and upper electrodes,

disposed over the vent, and configured to seal¢ine

29.  The electrochemical system of claim 28, whereinfitis¢ sealing component

comprises a hydrophilic adhesive tape.

30. The electrochemical system of claim 28, whereincibr@rol unit further comprises
an optical signal detector configured to measueaof change in an optical signal to

measure the initial fill velocity of the sample.

31. The electrochemical system of claim 28, whereincibrgrol unit further comprises a
current flow detector configured to measure anahdurrent flow to measure the initial fill

velocity.

32.  The electrochemical system of claim 28, whereincibrgrol unit includes a
configuration to measure the initial fill velocity the sample directly after the sample

enters a capillary space of the immunosensor.

33.  The electrochemical system of claim 28, whereincibrgrol unit includes a
configuration to measure an initial fill velocity the sample after the sample crosses into a

region of a capillary space of the immunosensorre/bedetection signal is generated.

34. The electrochemical system of claim 28, whereileast one of the immunosensor,
the meter, and the control unit are configuredeidgym at least one of the following

functions: measure a temperature of the samplefer a temperature of the sample.





