-1- SYSTEM AND METHOD FOR MEASURI NG AN ANALYTE IN A SAMPLE FIELD 5 The
present disclosure relates to nethods and systens for determ ning anal yte
concentration of a sanple. BACKGROUND Anal yte detection in physiol ogical
fluids, e.g. blood or blood derived products, is of 10 ever increasing
inportance to today's society. Analyte detection assays find use in a
variety of applications, including clinical |aboratory testing, hone
testing, etc., where the results of such testing play a promnent role in
di agnosi s and nanagenent of a variety of disease conditions. Analytes of
interest include glucose for diabetes nmanagenent, cholesterol, and the
like. In response to this grow ng inportance of analyte detection, a variety
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have been devel oped. One type of nethod that is enpl oyed for anal yte
detection is an el ectrochem cal nethod. In such nmethods, an aqueous |liquid
sanple is pl into a sanple-receiving chanber in an el ectrochem cal cel
that includes at” | east two el ectrodes, e.g., a counter electrode and a
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anount of analyte present in the initial sanple. Such systens are
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yte, and nmediator,”’thHereby attenuafing the test current and causing
anal ytical conditions. Analytes of interest include glucose for diabetes management, cholesterol, and
the like. In response to this growing importance of analyte detection, a variety of analyte
15 detection protocols and devices for both clinical and home use have been developed.

One type of method that is employed for analyte detection is an electrochemical
method. In such methods, an aqueous liquid sample is placed into a sample-receiving
chamber in an electrochemical cell that includes at least two electrodes, e.g., a counter
electrode and a working electrode. The analyte is allowed to react with a redox reagent to

20 form an oxidizable (or reducible) substance in an amount corresponding to the analyte
concentration. The quantity of the oxidizable (or reducible) substance present is then
estimated electrochemically and related to the amount of analyte present in the inrtial
sample.

Such systems are susceptible to various modes of inefficiency and/or error. For

25 example, where the physiological sample being assayed is whole blood or a derivative
thereof, the hematocrit of the sample can be a source of analytical error in the ultimate
analyte concentration measurement. Thus, in electrochemical measurement protocols where
the analyte concentration is derived from observed time-current transients, increased
hematocrit levels can increase the sample viscosity, which in turn, can slow the diffusion of

30 enzyme, analyte, and mediator, thereby attenuating the test current and causing analytical

error. Additionally, a partial fill or a double-fill of a sample-receiving chamber, a defective



error. Additionally, a partial fill or a double-fill of a sanple-receiving
chanber, a defective -2- test strip, and/or | eakage of sanple can result in
incorrect and/or inefficient testing. SUMVARY OF THE | NVENTION 5 Vari ous
aspects of a nmethod of calculating a corrected anal yte concentration of a
sanple are provided. That is, the nethods typically include nmaking an
initial analyte determ nation, determning a correction factor based on
vari ous system neasurenents and/or paraneters, and nodifying the initial
anal yte concentration based on the correction factor thereby overcom ng
sonme source of error. For exanple, the amal-yte can be glucose 10 and the
error source can be an increased hematocrit |evel which if not accounted for
could resulds iy %dy&qeamﬁ%&&fsﬁﬁa@caﬁfes%hﬁrnc&%chmoﬁﬁsm%m feQingvari ous
systemerrors such as | e-doSi ng events, maxi num current check m ni mum
current check, high resistance track, and/or |eakage. Wile the nethods
provi ded bel f tection of glucose, various other
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can befs used e&ﬁ’mple, the method can be utilized for the detection or measurement of lactate, cholesterol,

hemoglobin or total antioxidants.

In use, the methods are performed with an electrochemical cell which is sized and
configured to receive a sample (e.g., blood). The electrochemical cell typically includes at
least two electrodes configured so that they are closely spaced and can be wetted by a small

20 volume of liquid. The various methods are capable of determining an accurate analyte
concentration in view of some error source or determining some system error by
determining various current readings during one or many applied voltages, determining a
correction factor from the various readings, and using this correction factor to determine a
corrected analyte concentration. The electrochemical cell is used in conjunction with a

25 meter. An electrical power source, for example a battery, in the meter is used to apply a
voltage or a series of voltages across the electrodes of the electrochemical cell thereby
causing an electrical current to flow. The current flowing is measured by electronic
circuitry in the meter as a function of time and the current measurements can be used to

derive a concentration of the analyte of interest.



derive a concentration of the analyte of interest. -3- The nethods provided
herein typically involve applying various test voltages for certain
pre-determ ned tinme periods, neasuring test currents present during those
time periods, and utilizing these neasurenents to determne an initial

anal yte concentration, a s correction factor, an error source, and a
corrected anal yte concentration. For exanple, the nethod can include
providing a sanple (e.g., blood) with an unknown gl ucose concentration to an
el ectrochem cal cell and applying a first test voltage V, for a first tine
interval T, between a first electrode and3a second el ectrode sufficient to
oxi di ze a reduced nediator at the second el ectrode. Additionally, the
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based on the initial glucose concentration Gy and the hematocrit level H.

In one embodiment, the step of calculating the corrected glucose concentration
includes calculating a correction value Corr with a first function if the hematocrit level H is
less than a lower predetermined hematocrit level Hy, {(e.g., about 30%) and if the initial

20 glucose concentration G is less than an upper predetermined glucose concentration Gy
(e.g., about 300 mg/dL). For example, the first function can be an equation Corr = K (H -
H) G where Corr is the correction value, K, is a first constant (e.g., about -0.004), Hy_ is
the lower predetermined hematocrit level (e.g., about 30%), H is the hematocrit level, and
G is the initial glucose concentration. The various constants in the equations are typically

25 derived empirically, where a set of test resuits are obtained with the measurement system
using whole blood with different hematocrit and glucose concentrations spanning the range
of interest. Typically, nonlinear least squares fitting procedure is then used, where the
constants that give the smallest overall difference between the value of the parameter of
interest derived from the current data, and the actual value of the parameter are determined.

30 The parameter of interest depends at least in part on the constants being determined. For

example, if the constants formed part of an equation which estimated the hematocrit of the



constants that give the smallest overall difference between the value of the
paraneter of interest derived fromthe current data, and the actual val ue
of the parameter are determ ned. 30 The paraneter of interest depends at

| east in part on the constants being determ ned. For exanple, if the
constants fornmed part of an equation which estinmated the hematocrit of the
-4- sanple, then the sanple hematocrit would be the paraneter of interest.
In the case of the constants in the equation for Corr given above, the
paranmeter of interest is the concentration of glucose in the blood. Those
skilled in the art will appreciate that various other statistical 5 analysis
nmet hods can be utilized to provide values for the constants. The correction
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predetermined hematocrit level (e.g., about 30%), H is the hematocrit level, Gy is a
predetermined maximum glucose concentration (e.g., about 600 mg/dL), and G is the first
glucose concentration,
In certain circumstances, the method can also assign and utilize a correction value
20 Corr equal to zero. For example, in one embodiment, the corrected glucose concentration
Gz can be substantially equal to the initial glucose concentration Gy (i.e., Corr = 0) if the
hematocrit level H is greater than an upper predetermined hematocrit level Hy (e.g., about
50%) and if the initial glucose concentration Gy is less than a lower predetermined glucose
concentration G (e.g., about 100 mg/dL) or the hematocrit level H is less than an upper
25 predetermined hematocrit level Hy (e.g., about 50%) and greater than a lower
predetermined hematocrit level Hy, (e.g., about 30%).
In one embodiment, the step of calculating the second glucose concentration G,
includes calculating a correction value Corr with a fourth function if the hematocrit level H
is greater than an upper predetermined hematocrit level Hy (e.g., about 50%) and if the
30 initial glucose concentration G, is greater than the lower predetermined glucose

concentration Gy (e.g., about 100 mg/dL). In such an embodiment, the method can also



25 predeterm ned hematocrit level Hu (e.g., about 50% and greater than a
| oner predeterm ned hematocrit level HL (e.g., about 30%. In one

enbodi ment, the step of calculating the second glucose concentrati on &

i ncludes calculating a correction value Corr with a fourth function if the
hematocrit level H is greater than an upper predeterm ned hematocrit |evel
Hu (e.g., about 50% and if the 30 initial glucose concentration G is
greater than the | ower predeterm ned glucose concentration G.(e.g., about
100 ng(dL). In such an enbodi ment, the nmethod can al so -5- include
calculating a corrected glucose concentrati-on & based on the initial

gl ucose concentration G, the hematocrit level H and the correction val ue
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than a glucose threshold with the correction equation being Gz = G + Corr. Also, the
15 method can include the step of calculating the corrected glucose concentration G; using a

correction equation if the initial glucose concentration Gy is greater than a glucose threshold

wherein this correction equation isG, = G,[l + C]?):)r)

As will be apparent to those skilled in the art, any number and magnitude of test

voltages can be supplied to the sample at any number or pattern of time intervals. For

20 example, in one embodiment, the second test voltage V; can be applied immediately after
the first test voltage V;. Also, the first test voltage V, can have a {irst polarity and the
second test voltage V; has a second polarity wherein the first polarity is opposite in
magnitude or sign to the second polarity. As indicated, the first and second test voltage can
be of virtually any amount capable of providing the desired effect. For example, in one

25 embodiment, the first test voltage V; can range from about —100 mV to about —600 mV with
respect to the second electrode, and the second test voltage V; can range from about +100
mV to about +600 mV with respect to the second electrode. Additionally, the method can
further include applying a third test voltage V; for a third time interval T; between the first
electrode and the second electrode where the absolute magnitude of the resulting test current

30 is substantially less than the absolute magnitude of the resulting test current for the second



the first test voltage V,. Also, the first test voltage V, can have a first
polarity and the second test voltage V2 has a second polarity wherein the
first polarity is opposite in magnitude or sign to the second polarity. As
indicated, the first and second test voltage can be of virtually any anount
capabl e of providing the desired effect. For exanple, in one 25 enbodi nent,
the first test voltage V, can range fromabout -100 nV to about -600 nmV with
respect to the second el ectrode, and the second test voltage V2 can range
from about +100 nV to about +600 nV with respect to the second el ectrode.
Addi tionally, the nmethod can further inclkude applying a third test voltage
V3 for athird tine interval T3 between the first electrode and the second
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which includes applying a first test voltage V, for a first time interval T between a first
electrode and a second electrode sufficient to oxidize a reduced mediator at the second
electrode, and applying a second test voltage V; for a second time interval T, between the
first electrode and the second electrode sufficient to oxidize the reduced mediator at the first
20 electrode. The method also includes calculating an initial glucose concentration G, based
on test current values during the first time interval Ty and the second time interval T;. The
method further includes calculating a hematocrit level H, and applying a first function to
calculate the corrected glucose concentration if the initial glucose concentration Gy is less
than an upper predetermined glucose concentration Gy and the hematocrit level is less than
25 a lower predetermined hematocrit level Hy. The method also includes applying a second
function to calculate the corrected glucose concentration if the initial glucose concentration
G, is greater than an upper predetermined glucose concentration Gy and the hematocrit
level is less than a lower predetermined hematocrit level Hy, applying a third function to
calculate the corrected glucose concentration if the initial glucose concentration Gy is fess
30 than a lower predetermined glucose concentration Gy, and the hematocrit level is greater

than an upper predetermined hematocrit level Hy, and applying a fourth function to



first electrode and the second el ectrode sufficient to oxidize the reduced
nmedi ator at the first 20 el ectrode. The nethod al so includes cal cul ati ng an
initial glucose concentration G based on test current values during the
first tinme interval T, and the second tinme interval T2. The nethod further
i ncludes calculating a hematocrit level H and applying a first function to
cal cul ate the corrected glucose concentration if the initial glucose
concentration G is less than an upper predeterm ned glucose concentration
@Qu and the hematocrit level is less than 25 a | ower predeterm ned hematocrit
| evel HL. The nethod al so includes applying a second function to calcul ate
the corrected glucose concentration if the initial glucose concentration G
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the hematocrit level, Hy is the upper predetermined hematocrit level (e.g., about 50%), G,
is the initial glucose concentration, Gy is the lower predetermined glucose
concentration(e.g., about 100 mg/dL).
Additionally, the various correction values can be utilized with various embodiments
20 of a correction equation configured to provide an adjusted analyte value. For example, the
method can include the step of calculating the corrected glucose concentration Gy with a
correction equation if the initial glucose concentration Gy is less than a glucose threshold
wherein the correction equation is Gz = Gy + Cerr. The method can also include the step of

calculating the corrected glucose concentration G with a correction equation if the initial

25 glucose concentration G is greater than a glucose threshold, the correction equation being
G, :G,(l Lo
i 100

In one embodiment, the method can also include applying a third test voltage Vs for
a third time interval T3 between the first electrode and the second electrode where the
absolute magnitude of the resulting test current is substantially less than the absolute

30 magnitude of the resulting test current for the second test voltage V. In such an



the hematocrit level, Hu is the upper predeterm ned hematocrit |evel (e.g.,
about 50%, G is the initial glucose concentration, G. is the | ower

predet ermi ned gl ucose concentration(e.g., about 100 ng/dL). Additionally,
the various correction values can be utilized with various enbodi rents 20
of a correction equation configured to provide an adjusted anal yte val ue.
For exanple, the nethod can include the step of calculating the corrected
gl ucose concentration G with a correction equation if the initial glucose
concentration G is less than a glucose threshold wherein the correction
equation is & = G + Corr. The nethod ca#&-al so include the step of

cal cul ating the corrected glucose concentration Gz with a correction
equation if ok BEdihRht HR!thid® 1 HARSEVEOMIRNMpPALd BForSithd ﬁrsgtléﬁ%ﬁégei%aﬂn@.uch

gl ucose threshold, the correction equation being Corr Gz=G 1+100 In one
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resi stance) test stri one such aspect, a nethod
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time interval between first electrode and.
applying a second test voltage for a second test tlme interval between a first electrode and a
15 second electrode sufficient to oxidize a reduced mediator at the first electrode.
Alternatively, only a first test voltage applied for a first time interval is required to practice
the method. The method can also include measuring a first test current and a second test
current that occur during the first or second test time interval wherein the second test current
occurs after the first test current during the same test time interval, and determining whether
20 the test strip has the defect using an equation based on the first test current, and the second
test current. In an exemplary embodiment, the second test voltage can be applied
immediately after the first test voltage.
Various embodiments of such an equation are provided herein. For example, the
equatton can include a ratio between the first test current and the second test current.
25 Additionally, the equation can include a ratio between the first test current and the
difference between the first test current and the second test current. In one embodiment, the
first test current can occur at about a beginning of the first or second test time interval, and
the first test current can be a maximum current value occurring during the first or second
test time interval. Also, the second test current can occur at about an end of the first or

30 second test time interval, and the second test current is a minimum current value occurring

during the first or second test time interval. In one example, the equation can be a



second el ectrode sufficient to oxidize a reduced nedi ator at the second

el ectrode, and applying a second test voltage for a second test tine
interval between a first electrode and a 15 second el ectrode sufficient to
oxi dize a reduced nedi ator at the first electrode. Alternatively, only a
first test voltage applied for a first time interval is required to practice
the nmethod. The nmethod can also include neasuring a first test current and a
second test current that occur during the first or second test tine
interval wherein the second test current occurs after the first test
current during the same test tinme intervab,. and determ ning whether 20 the
test strip has the defect using an equation based on the first test current,
and the second test current. In an exenplary enbodi nent, the second test

vol t age can rago appii-edvhereriyisiihatfiedt yesafuraant artid; fsithstecordbtestwmkieagdn uddarticous
enbodi ments of sudchi:an equation are provided herein. For exanple, the
equation can |nclude atio bet n the first test. current. and the. second
Lost cur rentmetBd candndydsiaion ot APTBEAR FTHMEHES RUEIE HOTSR D BEXTREN ¢ he

first test 6w MHBHLs g’%EHietithﬁm a At B&H&&%ﬁn&ﬁh%ﬁ&dwg fBdust. 2t.est current and
t he second test current. I n one enbodi nent, the irst test current can

occur at about a Sbékjﬁrri@l ﬂb@/eo‘fartoltlé afrangements andongen figerstions afelachedasved , and

the first tes nt ., can. maX| m cur.r, val ue occur t he
first or sec%a%ac mEhe%%'“ ‘ﬁsr ese[}tﬁ%lgé%rgn Ot LEP i %891 {ycogghoccur

at about an fﬁﬂdes@floltdge i dppdEitcdto a%laﬁ@@ﬂﬂe b@dhd tostliapé. eAla] the ndeletitodsecond
test current is a mnimmcurrent val ue occurrin duri 321 the first or
=1

second test ap{ pgsopdielestiage. haY%afb?ié’O@%arﬁ?ﬂeérra'ﬂWeé u‘é@‘i‘lbﬂn nthp irsg voltager at i o
where it is aw/g {h'erﬁctoga %fta%‘é%r 1'1 B8 hn 25K W idle rz?hg% Q?vél%%ﬁQdFér%§£mgHrﬁ19 st telsP

use, the i can ude "a step of provi g an err nessa
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spirit and skoReoffelédi@dpresent disclosure. For exanple, a polarity of the
first test voltage is o@gosme to a polarity of the second test voltage.

Al so, the first eéisaedipaserh ongpushsisteshia b@lt@fm@!f odiby Amombeimepipy dhagethed ean
arrangement 'be'g‘q'lgél{[ ﬂra&:ﬂ%é@f&nc&h%oi éxraﬁﬁole tﬂé B%g?rack resistance can be between an

15 electrode connector and the electrodes in the electrochemical cell. The function of the
tracks is to provide an electrically conductive path between the connection points on the
meter and the electrodes in the electrochemical cell. While current is flowing down these
tracks some of the voltage applied by the meter will be dissipated along the tracks according
to Ohm’s Law, with the higher the electrical resistance and current flow down the track the

20 greater the voltage drop. In this embodiment, the method is based upon the current flowing
between the electrodes at short times after the application of a voltage being larger than the
current flowing at longer times, due to the initially higher concentration of reduced mediator
close to the electrode at short times. If the track resistance is too high, while current is
flowing the voltage drop that occurs along the tracks will be greater than desired when the

25 larger initial currents are attempting to flow. This larger than desired voltage drop will
result in insufficient voltage being applied between the electrodes in the electrochemical
cell, which in turn will cause a lower current to flow than would be the case if there was
acceptable track resistance. According to this embodiment, the lower than expected current
flowing at short times is detected by comparing it by the methods disclosed above to the

30 current flowing at longer times, which naturally being lower is not so affected by the high



and/ or the second voltage can be any of a wi de range of voltages. For
exanple, the first test 10 voltage can range from about zero to about -600
nv with respect to the second el ectrode, and the second test voltage can
range from about 10 nV to about 600 nV with respect to the second

el ectrode. As indicated, one such defect to be identified by an enbodi nent
of the nmethod can be a high track resistance. For exanple the high track
resi stance can be between an 15 el ectrode connector and the el ectrodes in

the el ectrochem cal cell. The function of the tracks is to provide an
el ectrically conductive path between the. gpnnection points on the neter and
the el ectrodes in the electrochenm cal cell. Wile current is flow ng down

these tracks. Epelgg tfe the vol tage applied by the meter will be dissipated

along the tracks according to Ohnis Law, with the higher the electrical
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the reagent layer can be between the spacer and the first electrode.

Similar to above, various such equations are provided. In an exemplary
i

log| =
1
R 3
1

log|
I

current, iy is the second test current, iz is the third test current, and iy is the fourth test

embodiment, the equation is a third ratio represented by where i is the first test

20 current. [n use, the method can further include a step of providing an error message
indicating a defective test strip if the third ratio is less than a predetermined threshold (e.g.,
about 1, about 0.95, etc.).

In one embodiment, the first test current and the second test current can be the two
largest current values during the second time interval. In one embodiment, the fourth test

25 current can be a smallest current value occurring during the second time interval. Also, in
one embodiment, a difference between a fourth test current time and a third test current time
is greater than a difference between a second test current time and a first test current time.

In this embodiment, the method includes comparing the shape of the current versus time



between a first electrode and a second el ectrode sufficient to oxidize a
reduced nediator at the first electrode. The nethod al so i ncludes neasuring
a first test current, a second test current, a third test current, and a
fourth test current that occur during the second test time 10 interval,
calculating a first logarithmof a first ratio based on the first test
current and the second test current, calculating a second |ogarithmof a
second ratio based on the third test current and the fourth test current,
and determ ni ng whether the test strip has a defect using an equation based
on the first logarithmand the second logarithm In an exenplary

enbodi nent, the defect is a | eakage of fluid between a spacer and the first

el ectrode. In.df a%%o@fﬁﬁ%'tﬁ@mﬁu;,%nﬂ R3S Rred BYRNS AaP&pdiePARBE @n the
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whet her the shape of the current transient is acceptable. 5 Additionally,

various aspetiise diffesensebeidgentheingrantemgnth gt &a fiev st curfenpand e firdged cvisgtt

15 can range from about one nanosecond to about 100 milliseconds.

Similar to above, various embodiments of the equation are provided herein. For
example, in an exemplary embodiment the equation is Y = 2*abs(i(t)) — abs(i(t-x)) —
abs(i{t+x)), where i(t) is the second test current, i(t-x) is the first test current, #(t+x) is the
third test current, t is a time, and x is an increment of time, and abs represents an absolute

20 function. In one embodiment, the equation is Z = abs(i(t+x)) — abs(i(t)), where i(t) is the
second test current, i(t+x) is the third test current, t is a time, and x is an increment of time,
and abs represents an absolute function. These equations can be useful to detect unexpected
fast increases or decreases in the current which could indicate that an error with the test has
occurred.

25 Various aspects of a system for determining an analyte concentration or for
determining a processing or system error are also provided herein. For example, in one
embodiment the system includes an electrochemical cell having at least two electrodes with
the cell being sized and configured to receive a sample (e.g., blood). The electrochemical
cell can be further configured to determine an initial analyte concentration (e.g., glucose)

30 and also configured to generate a pre-determined voltage between the first and second

electrodes for a pre-determined amount of time, and further configured to measure at least



wWith a test strip are provided herein. In one such aspect, the nmethod

i ncludes applying a test voltage for a test tinme interval between a first
el ectrode and a second el ectrode, neasuring consecutively a first test
current, a second test current, and a third test current, and determ ning
whet her an error was perfornmed by using an equation based on the second test
10 current and a summation of the absolute value of the first test current
and the absolute value of the third test current. Various tinme differences
bet ween neasurenents can be utilized. For exanple, a tine difference

bet ween the nmeasurements of the first test2current and the second test
current can range from about one nanosecond to about 100 m | liseconds. Al so,
a tinme di ffeheRGEIABLURER of IR ARBRUUSHE MeSrOlieteRfinkd fidk. TRSbyskl Ef/Mlscand the
third test current 15 can range from about one nanosecond to about 100
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system can a
with at least first and second electrodes. The device also includes a reagent layer disposed

on at least one electrode wherein the reagent layer is formed of at least one component (e.g.,

a mediator, enzyme, etc.) configured to react with the sample such that at least two voltages

applied to the sample at at least two time intervals results in corresponding currents within
20 the sample which are indicative of an initial analyte concentration and a corrected analyte

concentration.

BRIEF DESCRIPTION OF THE DRAWINGS
The present disclosure will be more fully understood from the following detailed

25 description taken in conjunction with the accompanying drawings, in which:
FIG. 1A is a perspective view of a test strip;
FIG. 1B is an exploded perspective view of the test strip of FIG. 1A;

30
FIG. 1C is a perspective view of a distal portion of the test strip of FIG. 1A;



include a processor for receiving a set of data fromthe el ectrochem cal

cell wherein the data can include the initial analyte concentration, a
magni tude of at |east one (or many) applied 5 voltages, and at |east one
resulting current. The processor can further be configured to wutilize this
data to determ ne a corrected anal yte concentration or for determning a
system error (e.g., high track resistance, |eakage, etc.). In one

enbodi ment, the processor can be utilized to provide a corrected gl ucose
concentration in view of an extrenme hematocrit level. In performng this
function, the processor utilizes a set ofi3equations to determne a 10
correction termdepending on the hematocrit |level and the initial glucose
concentration. FRg PLAMRESApIEANRI 8RN SHihF FIG, Mari ous manners to use

ot her equations or paraneters depending on the desired cal cul ati on and/ or
the data obtained fromthe el ectrochem cal cell. Various aspects of a device
for use in det erln_:i[ .isngaasic%oprl{ eﬁ%w&%fﬂm@%éﬁsﬁ‘i %g@?&n]t ;ati on are also provided
herein. In one such ;aspect, hetdevice™ ncPlides a ‘test stri p having a sanple
15 reacti on chanber configured to receive a sanple such that the sanple is
in communication with at least first and second el ectrodes. The device al so
i ncl udes a reageffC14HY &2 tap g8 ety olbhe kst stup st Fighe hect rode wherein the
reagent layer is forned of at | east one conponent (e.g., a nediator,

enzyne, etc.) configured to react with the sanple such that at |east two

vol tages appl i edfl@oiB be patigdside atevat! thedistal pavton pithe tast grip abrsistans wliths i n
correspondi ng currents.-wthin 20 the sanple which are indicative of an
initial anal Pgségh{ﬁeﬁqw&{'?én and a corrected analyte concentration. BRIEF
DESCRI;#TI ON OF THE DRAW NGS The present disclosure will be nore fully
understood fromthe follow ng detailed 25 description taken in conjunction
with the acconpaf¥iinyisarsimpliips schematisisbpwinglagest patdr slegtrisally e facing Withew of a
test strip; - B xpl oded perspective view of the test strip of
FIG ] A élgétgftégnﬂco&%cs éﬁ‘per spective view of a distal portion of the test
strip of FIG | A -13- FIG 2 is a bottomplan view of the test strip of

FIG | A , i ) ,
F1G. 6 shows a test voltage waveform in which the test meter applies a plurality of

15 test voltages for prescribed time intervals;

FIG. 7 shows a test current transient generated with the test voltage waveform of
FIG. 6;

20 FI1G. 8 is a flow diagram depicting an exemplary embodiment of a method of
calculating an analyte concentration for samples having an extreme hematocrit level;
FIG. 9 is a chart showing a correlation between measured hematocrit levels using a

reference method and measured hematocrit levels using the test strip of FIG. 1;

25 FIG. 10 is a bias plot showing a plurality of test strips that were tested with blood

samples having a wide range of hematocrit levels;

FIG. 11 is a flow diagram depicting an embodiment of a method of identifying

system errors;



FIG 3 is a side plan view of the test strip of FIG | A, 5 FIG 4Ais a top
pl an view of the test strip of Figure |l A FIG 4B is a partial side view of
the distal portion of the test strip consistent with arrows 4B-4B of FIG
4A; 10 FIG 5 is a sinplified schematic showing a test neter electrically
interfacing with the test strip contact pads; FIG 6 shows a test voltage
waveformin which the test neter applies a plurality of 15 test voltages
for prescribed tine intervals; FIG 7 shows a test current transient
generated with the test voltage waveformof FIG 6; 20 FIG 8 is a flow

di agram depi cting an exenpl ary enbodi nenti4of a nethod of cal culating an
anal yte concentration for sanples having an extrene hematocrit level; FIG 9

is a chart show pg; 2 CQa6HeLaLst OllrAet-UREMt FPAS WBHd RBMHhO fitdlallvikglaSistiSi ng a
ref erence met hod and neasured hematocrit levels using the test strip of FIG

1; 25 FI G Derformnsa dyivkls deisotsobddne)ragd dogd nat adfery adoubbsdosg (gated linkat wer e
tested wth bl ood sanples having a wi de range of hematocrit levels; FIG |
| is a flow diagram depi cting an enbodi nent of a method of identifying

systemerrors; 3016. Fshblvea tds? cirbemviramsidn€ st the sdoBd test R0 Ht@Nh] vifentaigtesecond
test time interval when a user perfornms a double dose (solid |ine) and does
not per f or mSEIMESIODPecuFoseliq Hop pad degsiey oceyr fdotted hine)yiByige test ®&€Tcur r ent
transient of the second test tinme interval when a |late start error occurs
(solid line) and does not occur (dotted line) with the test neter; FIG 14
shows a test cur Fét!4shansiaeest cofent trensidmt pfithe @std testivme inteeval &ir aftest staipt est

stri having a high resistance trac ares) and. a | ow resjstance track
P .hgvmg a hg h resﬁstance tracl((a (squareés agaglfow resistance track (triang esﬂ;

(triangles): g
L0
FIG. 15 is a chart showing a plurality of ratio values indicating that a high resistance

test strip lot can be distinguished from a low resistance test strip lot;

FIG. 16 shows a plurality of test current transients for a test strip lot having leakage
15 between a spacer and the first electrode (squares) and for test strip lots having a sufficiently

low amount of leakage (circles and triangles); and

FIG. 17 is a chart showing a plurality of ratio values for identitying leakage of liquid
for test strip lots prepared with different manufacturing conditions.
20
DETAILED DESCRIPTION
Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the
devices, systems, and methods disclosed herein. One or more examples of these
25 embodiments are illustrated in the accompanying drawings. Those skilled in the art will
understand that the devices and methods specifically described herein and illustrated in the
accompanying drawings are non-limiting exemplary embodiments and that the scope of the
present disclosure is defined solely by the claims. The features illustrated or described in
connection with one exemplary embodiment may be combined with the features of other
30 embodiments. Such modifications and variations are intended to be included within the

scope of the present disclosure.



10 FIG 15 is a chart showing a plurality of ratio values indicating that a
hi gh resistance test strip |lot can be distinguished froma | ow resistance
test strip lot; FIG 16 shows a plurality of test current transients for a
test strip lot having | eakage 15 between a spacer and the first el ectrode
(squares) and for test strip lots having a sufficiently |ow anount of

| eakage (circles and triangles); and FIG 17 is a chart showng a plurality
of ratio values for identifying | eakage of liquid for test strip lots
prepared with different manufacturing conditions. 20 DETAI LED DESCRI PTI ON
Certain exenplary enbodi ments will now belflescri bed to provi de an overal
under st andi ng of the principles of the structure, function, manufacture, and
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15 The presently disclosed syste and thods are sui or use in the
det er mi nat i onqufes a swialsamplei(egy apfut &dallyt @d previdesingeoved rélmbifitpfindsanphes

and are particul arl suited for yse in the term natjon of analytes in
Whol o bi bod. ST draideos STl F e Syt PR Rib oy BPER 1
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counter eiegtrodes, resulting in three current transients used to calculate the glucose
concentration. Further, additional information gained from the three current transients may
15 be used to discriminate between sample matrices and correct for variability in blood
samples due to hematocrit, temperature variation, or electrochemically active components.
The presently disclosed methods can be used, in principle, with any type of
electrochemical cell having spaced apart first and second electrodes and a reagent layer.
For example, an electrochemical cell can be in the form of a test strip. [n one aspect, the
20 test strip may include two opposing electrodes separated by a thin spacer, for defining a
sample-receiving chamber or zone in which a reagent layer is positioned. One skilled in the
art will appreciate that other types of test strips, including, for example, test strips with co-
planar electrodes as well as configurations with more than two electrodes may also be used
with the methods described herein.
25 FIGS. 1A to 4B show various views of an exemplary test strip 62 suitable for use
with the methods and systems described herein. ln an exemplary embodiment, a test strip
62 is provided which includes an elongate body extending from a distal end 80 to a
proximal end 82, and having lateral edges 56, 58, as illustrated in FIG. 1A. As shown in
FIG. 1B, the test strip 62 also includes a first electrode layer 66, a second electrode layer 64,
30 and a spacer 60 sandwiched in between the two electrode layers 64, 66. The first electrode

layer 66 can include a first electrode 66, a first connection track 76, and a first contact pad



of bl ood glucose neasurenents. In the reaction cell, glucose in the sanple
can be oxidized to to gluconol actone using gl ucose dehydrogenase and an

el ectrochem cally active nediator can be used to shuttle electrons fromthe
enzyne to a palladiumworking electrode. A potentiostat can be utilized to
apply a triple-pulse potential waveformto the working and counter

el ectrodes, resulting in three current transients used to calculate the

gl ucose concentration. Further, additional information gained fromthe
three current transients may 15 be used to discrimnate between sanple
matrices and correct for variability in bjgod sanples due to hematocrit,
tenperature variation, or electrochemcally active conponents. The

presently digyCl,agethd BNQMRe4RR ul Wé@getri%;aplty?ohﬁ'&'ésqhgﬁréf\’ielfebtr@cf}Y%ttM% bt

el ectrochenical cell having spaceg{apart t and second el ectrodes and a
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chanbes or Zpdi€atéd bR 18 dnBABEFimlIANE khd sBcdtiSdldct0ne fhyei@ecafkndlbRch i n the
art will appreciate that other types of test strips, including, for exanple,
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FIGS. | A to 4B Show Var i'dus Wi ens of “an exenﬁiary Fesrhs rip Sui Labl e

for use W tdonfabreatt B hadboanth By, 4 B52,dnd dBi hade that ik Becond ekbtredecsipk ar y
enbodi nent, a test strip 62 is provided which includes an_el ongate body
ext endi ng f O Aithg sspondrdeasiode st 6 t?‘?}x‘? Aravedigareagent iyer a9t NGIcRIsH &Y al
edges |6, S&gagpillustrated in FIG IA As shown in FIG | B, the test
strip 62 also includes a first electrode |ayer 66, a second el ectrode |ayer
64, 30 and a spadershé@nsasathpiecteeciving chanbedn is tdinedby dleelitst delerodayertbe 64,

66. The first el,ectrode. ., | ayer 66 ¢ i nclu a fi.rst...el. ectro 66, a first
Sonnonti on. Rhec SR h8aSen, 4R il sBRef A el Titier bt ST ST SPHR. S pgfin'
connecti on tpiackB 46d El@ AR I TUR! firyt dRR0e£ESardd e bdcbrd clebiaskersadan Géfifeqnhd he
first contact pad 67, as shown in FIGS. 1 B and 4B. Note that the first

el ectrode 6@&ottemangdiatppaf thepample-reengpg ehagber bt acapastivielyg s Hlimatratgdsin FIG.
s S e T T
chamber 61, as illustrated in FIG. 4B. In one aspect, the sample-receiving chamber 61 can
include ports 70 that provide a sample inlet and/or a vent, as shown in FIGS. 1A-1C. For
example, one of the ports can allow a fluid sample to ingress and the other port can act as a
vent.

20 In an exemplary embodiment, the sample-receiving chamber 61 can have a small
volume. For example, the chamber 61 can have a volume in the range of from about 0.1
microliters to about 5 microliters, about 0.2 microliters to about 3 microliters, or, preferably,
about 0.3 microliters to about | microliter. To provide the small sample volume, the cutout
68 can have an area ranging from about 0.01 cm? to about 0.2 ¢cm?, about 0.02 cm’ to about

25 0.15 cm?, or, preferably, about 0.03 cm? to about 0.08 cm?. In addition, the first electrode
66 and the second electrode 64 can be spaced apart in the range of about 1 micron to about
500 microns, preferably between about 10 microns and about 400 microns, and more
preferably between about 40 microns and about 200 microns. The relatively close spacing
of the electrodes can also allow redox cycling to occur, where oxidized mediator generated

30 at the first electrode 66, can diffuse to the second electrode 64 to become reduced, and

subsequently diffuse back to the first electrode 66 to become oxidized again. Those skilled



second el ectrode 64, a second connection track 78, and a second contact pad
63, where the second connection track 78 electrically connects the second
el ectrode 64 with the second contact pad 63, as shown in FIGS. 1 B, 2, and
4B. Note that the second electrode 64 is a portion of the second el ectrode
| ayer 64 that is above the reagent |ayer 72, as indicated by 10 FIG 4B. As
shown, a sanpl e-receiving chanber 61 is defined by the first el ectrode 66,
the second electrode 64, and the spacer 60 near the distal end 80 of the
test strip 62, as shown in FIG | B and FIG 4B. The first el ectrode 66 and
the second el ectrode 64 can define the hqtttomand the top of the

sanpl e-recei vi ng chanber respectively, as illustrated in FIG 15 4B. A

cutout area §18th9]:art %g n@;ﬂ@&%% tf@a@ S(&lﬁ({H %@ur&&eat%#gwulaﬁ)a gbh@lectrodes are

sanpl e-r ecei vi ng r at n one aspect, the
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own i | GS. 1A-1 C._For of e
ports can allow a P%qﬂﬁlewbggwm“é tF%FWS%F%EOge%W ?{@ldé%lﬁé?CWE%PlﬁctE%dﬁ layer %J;%a“a
vent. 20 I n BocANaOBleahdte@IPRANBE Mm hiteridasihas %@lgepéﬂaﬂﬂnﬁbﬁﬁ@@rsnl@@r can
have a smal|l volunme. For exanple, the chanber can have a volune in the

range of f romaamuutlroomde vl indiams o @pratmmonsthwmf 642t wddim depsdtin@xile).
mcroliters n ad%FIOlfjlt th% el%ﬁ&?és 05 Bg { Ed Fi]fé‘.}c)gsu%g dondy lve%at?rhd?f omoCr oliters

to about | mcroliter. T oVl e vo cutout 68

can have an &fselatlrlimetr(gotfsthWhﬁbjD&JEpL@teﬁﬂg @TPBtrbl@ssG}bﬂH{g Or ZscedBndringihgut 0. 02
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to the first ectrode 66 to becone oxidized aﬁa Those skilled -17- in

the art wil | capylisentathe spargt 64 meay Sas baderm/ei ka&k€§QMS&WdP@ﬁd§baC|ng of
el ectrpdes a{)]?posing sides of a polyester sheet where the adhesive may be pressure sensitive or heat

activated. Those skilled in the art will appreciate that various other materials for the first
electrode layer 66, the second electrode layer 64, and/or the spacer 60 are within the spirit
and scope of the present disclosure.
Various mechanisms and/or processes can be utilized to dispose a reagent layer 72

20 within the sample-receiving chamber 61. For example, the reagent layer 72 can be disposed
within the sample-receiving chamber 61 using processes such as slot coating, dispensing
from the end of a tube, ink jetting, and screen printing. In one embodiment, the reagent
layer 72 can include at least a mediator and an enzyme and is deposited onto the first
electrode 66. Examples of suitable mediators include ferricyanide, ferrocene, ferrocene

25 derivatives, osmium bipyridyl complexes, and quinone derivatives. Examples of suitable
enzymes include glucose oxidase, glucose dehydrogenase (GDH) using a pyrroloquinoline
quinone (PQQ) co-factor, GDH using a nicotinamide adenine dinucleotide (NAD) co-factor,
and GDH using a flavin adenine dinucleotide (FAD) co-factor [E.C.1.1.99.10]. The reagent
layer 72 can be prepared from a formulation that contains 33 mM potassium citraconate, pH

30 6.8, 0.033% Pluronic P103, 0.017% Pluronic F87, 0.85 mM CaCl;, 30 mM sucrose, 286 uM
PQQ, 15 mg/mL GDH, and 0.6 M ferricyanide. Pluronics are block copelymers based on



wWithin the spirit and scope of the present disclosure. In one enbodi nent,
the first electrode | ayer 66 and the second el ectrode |ayer 64 can 5 be
conductive materials formed frommaterials such as gold, palladium carbon
silver, platinum tin oxide, iridium indium or conbinations thereof
(e.g., indiumdoped tin oxide). In addition, the el ectrodes can be forned
by di sposing a conductive material onto an insulating sheet (not shown) by
a sputtering, electroless plating, or a screen-printing process. In one
exenpl ary enbodi ment, the first electrode |ayer 66 and the second 10

el ectrode | ayer 64 can be nmade from sputteged pal |l adium and sputtered gold,
respectively. Suitable materials that can be enployed as a spacer 60

i nclude a vaémEf}&ae Siad PRAPrSYINE oxiRL RhicRksh fuabGdh ASntifamifXAsQnd/Bt asti cs
(e.g., PET, PETG polyinide, polycarbonate, polystyrene), silicon,

ceram cs, glwuetng agitssi ves, and conbi nations thereof I n one enbodlnent
t he spacer 60 nay the for oub ted.on 15

opposi ng si des ofT}ﬁefBH?vgtéqnecra“st’ﬁé‘B?h%gF%mt eém %Wg%{idhe%ﬁgte%@o%/ Loy jpiaEa

sensi tisve Ormgﬁ%e n@&ﬂé wcﬁ&eﬁ%o&hcsawkﬂdvkggamfal&rh%arnsom 4t BBRNOGhALE t hat
vari ous ot her ertals for the first trode | ayer 66, the second

el ectrode | ajeoregdatimgitit pallddnen sypheath thdermnymevipinhilationhthe sysibrdan be awﬁdect\@'dpe of
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receiving chamber is about 3.5 mm long, thus giving a total volume of about 0.4 plL..
In one embodiment, the reagent layer 72 may have an area larger than the area of the
first electrode 66. A portion of the spacer 60 may overlap and touch the reagent layer 72.
The spacer 60 may be configured to form a liquid impermeable seal to the first electrode 66
20 even though a portion of the reagent layer 72 is between the spacer 60 and the first electrode
66. The spacer 60 may intermingle or partially dissolve a portion of the reagent layer 72 to
form a liquid impermeable bond to the first electrode 66 sufficient to define the electrode
area for at least the total test time. Under certain circumstances where the reagent layer 72
is not sufficiently dry or there is contamination such as dust particles present, the spacer 60
25 may not be able to form a liquid impermeable seal and, as a result, the liquid may seep
between the spacer 60 and the first electrode 66. Such a leakage event may cause an
inaccurate glucose measurement to occur.
Either the first electrode 66 or the second electrode 64 can perform the function of a
working electrode depending on the magnitude and/or polarity of the applied test voltage.

30 The working electrode may measure a limiting test current that is proportional to the



PQQ 15 nmg/nL GDH, and 0.6 Mferricyanide. Pluronics are bl ock copol yners
based on -18- ethyl ene oxide and propyl ene oxi de, which can function as
antifoam ng agents and/or wetting agents. The formul ati on can be applied at
sone desired rate (e.g., about 570 L/min) using a 5 13 gauge needl e poi sed
about 150 m above a pal |l adium web noving at about 10 mimn. Before coating
the palladiumweb with the enzyne formul ation, the web can be coated with

2- mer capt oet hane sul fonic acid (MESA). A spacer having a desired thickness
(e.g., about 95 m wth a channel cut therein having sone desired wi dth
(e.g., awdth of about 1.2 nm can be l@inated to the reagent |ayer and
the palladiumweb at sone desired 10 tenperature (e.g., about 70 C. A
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OCCUr .5 potential, then the reduced mediator can be oxidized at the second electrode 64 as a limiting
current. In such a situation, the second electrode 64 performs the function of the working
electrode and the first electrode 66 performs the function of the counter/reference electrode.

Initially, performing an analysis can include introducing a quantity of a fluid sample
into a sample-receiving chamber 61 via a port 70. In one aspect, the port 70 and/or the

20 sample-receiving chamber 61 can be configured such that capillary action causes the fluid
sample to fill the sample-receiving chamber 61. The first electrode 66 and/or second
electrode 64 may be coated with a hydrophilic reagent to promote the capillarity of the
sample-receiving chamber 61. For example, thiol derivatized reagents having a hydrophilic
moiety such as 2-mercaptoethane sulfonic acid may be coated onto the first electrode and/or

25 the second electrode.

FIG. 5 provides a simplified schematic showing a test meter 100 interfacing with a
first contact pad 67a, 67b and a second contact pad 63. The second contact pad 63 can be
used to establish an electrical connection to the test meter through a U-shaped notch 65, as
illustrated in FIG. 2. In one embodiment, the test meter 100 may include a second electrode

30 connector 101, and first electrode connectors 102a, 102b, a test voltage unit 106, a current

measurement unit 107, a processor 212, a memory unit 210, and a visual display 202, as



Either the first electrode 66 or the second el ectrode 64 can performthe
function of a working el ectrode depending on the nagnitude and/or polarity
of the applied test voltage. 30 The working el ectrode may neasure a
limting test current that is proportional to the - 19 reduced nedi at or
concentration. For exanple, if the current limting species is a reduced
nedi ator (e.g., ferrocyanide), then it can be oxidized at the first

el ectrode 66 as long as the test voltage is sufficiently nore positive than
the redox nediator potential with respect to 5 the second el ectrode 64. In
such a situation, the first electrode 66_pgrforns the function of the
wor ki ng el ectrode and the second el ectrode 64 perfornms the function of a
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initially dry, the test meter 100 measures a relatively large voltage, which can be limited by
the maximum voltage that the test meter is capable of supplying. When the fluid sample
bridges the gap between the first electrode 66 and the second electrode 64 during the dosing
process, the test meter 100 will measure a decrease in applied voltage and when it is below

20 a predetermined threshold will cause the test meter 100 to automatically initiate the glucose
test.

In one embodiment, the test meter 100 can perform a glucose test by applying a
plurality of test voltages for prescribed intervals, as shown in FIG. 6. The plurality of test
voltages may include a first test voltage V; for a first time interval T, a second test voltage

25 V, for a second time interval Ty, and a third test voltage V3 for a third time interval T3. A
glucose test time interval Tg represents an amount of time to perform the glucose test (but
not necessarily all the calculations associated with the glucose test). The glucose test time
interval T¢ can range from about 1 second to about 15 seconds or longer and more
preferably from about | second to about 5 seconds. The plurality of test current values

30 measured during the first, second, and third time intervals may be performed at a frequency

ranging from about 1 measurement per nanosecond to about one measurement per 100



FIG 5 provides a sinplified schematic showing a test nmeter 100 interfacing
with a first contact pad 67a, 67b and a second contact pad 63. The second
contact pad 63 can be used to establish an electrical connection to the
test meter through a U shaped notch 65, as illustrated in FIG 2. In one
enbodi ment, the test neter 100 may include a second el ectrode 30 connect or
101, and first electrode connectors |102a, 102b, a test voltage unit 106, a
current nmeasurenent unit 107, a processor 212, a nenory unit 210, and a
visual display 202, as 20 shown in FIG 5. The first contact pad 67 can
include two prongs 67a, 67b. In one enbodinment, the first electrode
connectors 102a, 102b separately connect to the prongs 67a, 67b,
respectively.TTheos cq?dlelectg de conne tog %Olhcan.conne t torthe second
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The first time interval Ty may be sufficiently long so that the sample-receiving
chamber 61 can fully fill with sample and also so that the reagent layer 72 can at least
partially dissolve or solvate. In one aspect, the first test voltage V; may be a relatively low
value so that a relatively small amount of a reduction or oxidation current is measured.

20 FIG. 7 shows that a relatively small amount of current is observed during the first time
interval T compared to the second and third time intervals T; and T3. For example, when
using ferricyanide and/or ferrocyanide as the mediator, the first test voltage V can range
from about -100 mV to about -1 mV, preferably range from about -50 mV to about -5 mV,
and most preferably range from about -30 mV to about -10 mV.

25 After applying the first test voltage Vi, the test meter 100 applies a second test
voltage V3 between the first electrode 66 and the second electrode 64 (e.g., about —0.3 Volts
as shown in FIG. 6), for a second time interval T, (e.g., about 3 seconds as shown in FIG.
6). The second test voltage V, may be a value sufficiently negative of the mediator redox
potential so that a limiting oxidation current is measured at the second electrode 64. For

30 example, when using ferricyanide and/or ferrocyanide as the mediator, the second test

voltage V; can range from about —-600 mV to about zero mV, preferably range from about —



plurality of test voltages for prescribed intervals, as showmn in FIG 6. The
plurality of test voltages may include a first test voltage V, for a first
time interval T1l, a second test voltage 25 V2 for a second tine interval T2,
and a third test voltage V3 for a third time interval T3. A glucose test
time interval TG represents an anount of time to performthe glucose test
(but not necessarily all the calculations associated with the gl ucose
test). The glucose test tine interval TG can range from about | second to
about 15 seconds or | onger and nore preferably fromabout | second to about
5 seconds. The plurality of test current .galLues 30 nmeasured during the
first, second, and third tinme intervals nmay be perforned at a frequency
rangi ng fro t B one measurenent per
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FIG. 7 shows a relatively small peak i, at the beginning of the second time interval
T, followed by a gradual increase of an absolute value of an oxidation current during the
second time interval T,. The small peak ipp occurs due to an initial depletion of reduced
20 mediator at about 1 second. The gradual increase in oxidation current after the small peak
ipb is caused by the generation of ferrocyanide by reagent layer 72, which then diffuses to
second electrode 64.
After applying the second test voltage V3, the test meter 100 applies a third test
voltage V3 between the first electrode 66 and the second electrode 64 (e.g., about +0.3
25 Volts in FIG. 6) for a third time interval T3 (e.g., 1 second in FIG. 6). The third test voltage
V3 may be a value sufficiently positive of the mediator redox potential so that a limiting
oxidation current is measured at the first electrode 66. For example, when using
ferricyanide and/or ferrocyanide as the mediator, the third test voltage V3 can range from
about 0 mV to about 600 mV, preferably range from about 100 mV to about 600 mV, and
30 more preferably be about 300 mV.



20 FIG 7 shows that a relatively small anmnount of current is observed during
the first time interval T, conpared to the second and third tinme intervals
T2 and T3. For exanple, when wusing ferricyanide and/or ferrocyanide as the
medi ator, the first test voltage V, can range from about -100 nV to about
-1 nV, preferably range fromabout -50 nV to about -5 nV, and nost
preferably range fromabout -30 nV to about -10 nV. 25 After applying the
first test voltage V,, the test neter 100 applies a second test voltage V2
between the first electrode 66 and the second el ectrode 64 (e.g., about -0.3
Volts as shown in FIG 6), for a second.t4ine interval T2 (e.g., about 3
seconds as shown in FIG 6). The second test voltage V2 may be a val ue
sufficiently neg r | jem ting
oxi dati on currentafthie\sgﬁﬁ@g@%?ge qﬁ bseesgo ml? ﬁné%pthltg%% gonedgarrpl e,
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range from about | second to about 10 seconds, nore preferably range

from about Zan$eswiidisntypetios of sSheamedntdsredox potentlal The third test voltage V3 may

15 be applied immediately after the second test voltage V. However, one skilled in the art will
appreciate that the magnitude and polarity of the second and third test voltages can be
chosen depending on the manner in which analyte concentration is determined.

Assuming that a test strip has an opposing face or facing arrangement as shown in
FIGS. 1A-4B, and that a potential waveform is applied to the test strip as shown in FIG. 6,
20 an initial glucose concentration Gy can be calculated using a glucose algorithm as shown in

Equation 1.

. P
Eq. 1 G.=(f—2J x{axi, ~2)

1,

25 In Equation 1, i; is a first test current value, iz is a second test current value, and i3 is
a third test current value, and the terms p, z, and a are empirically derived calibration
constants. All test current values (i.e., iy, iz, and i3) in Equation | use the absolute value of
the current. The first test current value i; and the second test current value i; can each be

defined by an average or summation of one or more predetermined test current values that



FIG 7 shows a relatively small peak ipb at the beginning of the second tine
interval T2 followed by a gradual increase of an absol ute val ue of an
oxidation current during the second tinme interval T2. The small peak ipb
occurs due to an initial depletion of reduced 20 nedi ator at about | second.
The gradual increase in oxidation current after the small peak ipbis
caused by the generation of ferrocyanide by reagent |ayer 72, which then
diffuses to second el ectrode 64. After applying the second test voltage V2,
the test nmeter 100 applies a third test voltage V3 between the first

el ectrode 66 and the second el ectrode 64.4£.9., about +0.3 25 Volts in FIG
6) for athird tinme interval T3 (e.g., | second in FIG 6). The third test
vol tage V3 sufficieqt it med
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el ect rode 66Gvefage oesuanpdten offen ousbregredeearminey dest derannddloes tharocagyaringle as

the nediator, the third test_volta 3 can range from_  about 0.mV, to about
500 My, pr ef!as Py (R GUTROH AUGLITIEEOR 9 iot DB BULPSTEn B o rror o
preferably bgeahattandOMirdVare-cRdsen Fhecdnédiéhck af®db RbHe¥@karllP réfRYt B order in
sufficiently long to nonitor the diffusion of reduced nediator (e.g.,

f errocyani de‘)’hlﬁl‘egﬂect‘ﬁ@“f‘fﬁh@% arg|calstlatgde 66 based on the magnitude of the
oxi dation current Al t.he Brd ti interyv Lt of
reduced 5 nedi at o[;‘rquf%égno{;?adll b'zeeraggbe(ﬁorpﬁ%g‘% %cﬁeggéorggccé'ndé 5@%3038[a ??%HF#%E
anmount of oXnsteaest VIRdiaaimpleiaSeragestinfthatibn bhess@eend ablegahé awd ifchn b¥he
third tinme interval, T3 can range from about 0.1 seconds to about 5 seconds
and pr ef er aglefingdivgaclpdepgak saent yahesipe gidde: g thipdeady tadeebirfat s A55aVhdh e
prefergbly qﬁﬂggogﬁpn1about 0.5 seconds to about 2 seconds. FIG 7 shows a
relatively large peak ip, at the beginning of the third tine interval T3 10
foll owed by a decrease to a steady-state current i,, value. In one

enbodi ment, the second test voltage V2 can have a first polarity and the
third test voltage V3 may hax&la?second."pola&rﬂ&wﬁﬂat is opposite to the
first polarity. In another entddf ment, fhe':jecondtest voltage V2 can be
sufficiently negative of the nediator redox ‘pot@nti’al ‘and the third test
voltage V3 can be sufficiently positive of the nediator redox potential.

The third test voltage V3 may
A calculation of the steady-state current i can be based on a mathematical model,

15 an extrapolation, an average at a predetermined time interval, or a combination thereof.
One example of a method for calculating is can be found in U.S. Patent No. 6,413,410 and
U.S. Patent No. 5,942,102, the entirety of these patents being incorporated herein by
reference.
Equation 2 can be combined with Equation 1 to give Equation 3 for determining a
20 more accurate glucose concentration that can compensate for the presence of endogenous

and/or exogenous interferents in a blood sample.

23 In addition to endogenous interferents, extreme hematocrit levels under certain
circumstances can affect the accuracy of a glucose measurement. Thus, Equation 3 can be
further modified to provide a corrected glucose concentration G; that is accurate even if the

sample has an extreme hematocrit level (e.g., about 10% or about 70%).



15 be applied i mediately after the second test voltage V2. However, one
skilled in the art will appreciate that the magnitude and polarity of the
second and third test voltages can be chosen depending on the manner in
whi ch anal yte concentration is determ ned. Assuming that a test strip has an
opposi ng face or facing arrangenment as shown in FIGS. |1A-4B, and that a
potential waveformis applied to the test strip as showmmn in FIG 6, 20 an
initial glucose concentration GL can be cal cul ated using a glucose al gorithm
as shown in Equation 1. PEg. | G _ i2 x(axi, -z) i3 25 In Equation 1,
ii is afirst test current value, 12 is asgecond test current value, and i3
is athird test current value, and the ternms p, z, and a are enpirically
derived calibrati " t : I ' R and
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Analyte Detection at Extreme Hematocrit Levels:

Methods and systems of accurately measuring glucose concentrations in extreme
hematocrit samples are provided herein. For example, FIG. 8 is a flow diagram depicting a

15 method 2000 for calculating an accurate glucose concentration that accounts for blood
samples having an extreme hematocrit level. A user can initiate a test by applying a sample
to the test strip, as shown in step 2001. A first test voltage V; can be applied for a first time
interval T, as shown in step 2002. The resulting test current is then measured for the first
time interval T\, as shown in step 2004, After the first time interval T, the second test

20 voltage V, is applied for a second time interval T, as shown in step 2006. The resulting
test current is then measured for the second time interval T, as shown in step 2008. After
the second time interval Ty, the third test voltage V3 is applied for a third time interval T,
as shown in step 2010. The resulting test current is then measured for the third time interval
T3, as shown in step 2012.

23 Now that test current values have been collected by a test meter, an initial glucose
concentration Gy can be calculated, as shown in step 2014. The initial glucose
concentration Gy can be calculated using Equation | or Equation 3. Next, a hematocrit level
H can be calculated, as shown in step 2016.

The hematocrit level may be estimated using test current values acquired during the

30 glucose test time interval Tg. Alternatively, the hematocrit level H may be estimated using

test current values acquired during the second time interval Ty and the third time interval



A cal cul ation of the steady-state current iss can be based on a mathenati cal
nodel, 15 an extrapol ation, an average at a predetermned tine interval, or
a conbination thereof. One exanple of a nmethod for calculating iss can be
found in U S. Patent No. 6,413,410 and U.S. Patent No. 5,942,102, the
entirety of these patents being incorporated herein by reference. Equation
2 can be conbined with Equation 1 to give Equation 3 for determning a 20
nore accurate glucose concentration that can conpensate for the presence of
endogenous and/ or exogenous interferents in a blood sanple. i Eq.3
G=L_3Jp x axiix~p> - | 2i+tsa + ~z p 25¢Ln addition to endogenous
interferents, extrenme hematocrit |evels under certain circunstances can
affect the agcur i be
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syst em conf i QUFEIPRIFYACEGIRGE $BRtIGH H/5BPWR HeRAY2H §ar i ous system user,
and/ or sdevice inefficiencies and/or errors are provided herein. For
exanple, in one enbodi nent, the systemcan accurately determne a 5 glucose
concentration of a sanple hBgihg an edtrkents(hierdtdofGh +lkevel . Additionally,
the system can be configured to identify a test utilizing a partial fill or
double-fill of a sanple chanber. Al so, the systemcan be configured to

identify those sitnakin®mis hSiethaidieit £38P1,9s atTBt B duekid e ey tltSse8aHIp| e
chanber thereby conpromsing the integrity of the testing and/or those
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For exanpl e, Wﬁ]l’l %tuz?] hieﬁqat%cr*i{ l(c):\\/fvel(sj imaegsru?erg \gl%fl):l (r:éfé:rgrgxceamethod.
Once the hematocrit level H has been calculated in step 2016, it is compared to a
lower predetermined hematocrit level Hy, as shown in step 2018. The lower predetermined
|5 hematocrit level Hp may be about 30%. If the hematocrit level H is less than the lower
predetermined hematocrit level Hy, then the initial glucose concentration G; is compared to
an upper predetermined glucose concentration Gy, as shown in step 2020. The upper
predetermined glucose concentration Gy may be about 300 mg/dL. If the hematocrit level
H is not less than the lower predetermined hematocrit level Hy, then the hematocrit level H
20 is compared to an upper predetermined hematocrit level Hy, as shown in step 2022. The
upper predetermined hematocrit level Hy may be about 50%. If the hematocrit level H is
greater than Hy, then the initial glucose concentration G, is compared to a lower
predetermined glucose concentration Gy, as shown in step 2028. The lower predetermined
glucose concentration G, may be about 100 mg/dL. Steps 2018 and 2022 indicate that
25 method 2000 will output the initial glucose concentration Gy, as shown in step 2034, if the
hematocrit level H is not less than Hy, and not greater than Hy,.
A first function can be used to calculate a correction value Corr, as shown in step
2024, if H is less than Hj, and if the initial glucose concentration G is less than the upper
predetermined glucose concentration Gy. The first function may be in the form of Equation

30 5.



15 nmet hod 2000 for cal culating an accurate glucose concentration that
accounts for blood sanples having an extrene hematocrit |evel. A user can
initiate a test by applying a sanple to the test strip, as shown in step
2001. A first test voltage V, can be applied for a first time interval T,,
as shown in step 2002. The resulting test current is then neasured for the
first time interval Ti, as shown in step 2004. After the first tinme
interval Ti, the second test 20 voltage V2 is applied for a second tine
interval T2, as shown in step 2006. The resulting test current is then
measured for the second tine interval T2.2as shown in step 2008. After the
second tine interval T2, the third test voltage V3 is applied for a third
time interval T3, as shown inggtep 2010¢oJher (gsulfig)g test current is then
measured for the third tinme interval T3, as shown i'n step 2012. 25 Now t hat
test current values have been collected by a test neter, an initial glucose

concentration G gan be.cal cul ated, as Q i,n ste 0l14. The initjal

gl ucose concent _r—gtﬁ TG &1 1% ﬁrsg%onégpszp‘e'\émﬁslf’w@r pggﬁi?rpbrhedlhegpt%atgwlon 3.
Next, 3 hemaamkielbogivaint, K 268 heaycil 0Whabedabaas 36M0MEpdciveiy.ep 2016. The
hematocrit | evel may be estimated using test current val ues acgglred during

the 30 glucose tdevever.nbHiniess than Higind Af the imaliglusoye conpentiaipm Gody nat lasevel H

may be esti i - Cur I . i i - time
Mt erval -2 eatheRbRhreds i e RcUGRBEEL [l tELELAR REORRARRE
hemat ocri t | eseelto thladate be cesiectioatvatheUGdrAGs ahdveirimt sogpr 1026. geladcoad fibased upon
the initial %IUE%se concentration G and the second test current value i2.
An exenpl ar yTREAAITES FEMRY AUAHN ¢ shown in Equation 4. 5 Eq. 4 H = K5
In(ji2l) + K6 In(G) + K7 The termH is the hematocrit level, i2 is at |east
one current value during the second tine interval, K5 is a fifth constant,
K6 is a sixth constant, andH{6is a sé&vertt Kx(thrdl)dfnw..-Ih) to one enbodi nent,
Ks, K6, and K7 nmay be -76, 56, and, 250, respectively. FIG 9 shows that the
estimated hematocrit |evels using Equation 4 has an approxi mately |inear

correlation w thrRcletlk,ieaedcosd bdnsla8VAIdG 1B Asbredkidthlitedandg@hemeNedsdret hod.
concentration. In one embodiment, K; and G,y may be -0.004 and about 600 mg/dL.,
15 respectively. The correction value Corr for Equations 5 and 6 may be restricted to a range
of about -5 to about zero. Thus, if Corr is less than -5, then Corr is set to -5 and if Corr is
greater than zero then Corr is set to zero.
A third function can be used to calculate a correction value Corr, as shown in step

2030, if H is greater than Hy and if the initial glucose concentration G is less than a lower

20 predetermined glucose concentration Gp. The third function may be in the form of
Equation 7.
Eq.7 Corr=490
25 However, if H is greater than Hy and if the initiai glucose concentration Gy is not

less than the lower predetermined glucose concentration Gy, then the fourth function can be
used to calculate the correction value Corr, as shown in a step 2032. The fourth function

may be in the form of Equation 8.

30 Eq. 8 Corr = K4(H - Hy) (G, - G)



Once the hematocrit |evel H has been calculated in step 2016, it is conpared
to a |lower predeterm ned hematocrit |evel HL" as shown in step 2018. The

| ower predetermned 15 henmatocrit |evel HL nay be about 30% If the
hematocrit level His less than the | ower predeterm ned hematocrit |evel HL,
then the initial glucose concentration C1 is conpared to an upper
predeterm ned gl ucose concentration Gu, as shown in step 2020. The upper
predet ermi ned gl ucose concentration Gu may be about 300 ng/dL. If the
hematocrit level His not less than the | ower predeterm ned hematocrit

| evel HL, then the hematocrit |evel H 20_pg.conpared to an upper

predeterm ned hematocrit |evel Hu, as shown in step 2022. The upper
predet er mi ned he i \ : 0 rdt..l evel
His greater th?r?teﬁﬁ?ﬂ i(ﬁlesﬁiftg %A_%{{Ht% ¥%Pﬁ]éﬁ%3€%¥sbe§%éqﬁ%%plltlﬁ'gﬁ%ﬁﬂ%t%sdalugnpar ed
to a | ower @(oredietByuaiioretimgl be oseictainto @anbrgetdf abouBlzeroas abhwwix. iThustiEQer2028.

The | ower predeterm ned | ucose concent.rati on G be abouyt 100 | dL.
Steps 2018 dft B FRENGEATE 1S bt 285 HBUROAS0BOS THD St PR C4E Thitthl
gl ucose concent r & QRalckatiAS CHFOWE ihB fi8dt EihchBBh stéyf 20aeihe TREBIREEI t | evel H
is not less than HL and not greater than Hu. A first function can be used to

cal cul at e a woeanretiorols corlpasd G0 maslsnesigp 2030. Sif €y firsiogucose fongentgatioass t han
HL and if t ipitiql glycose ncent i O i .
br edet er i nos st D BE P RRERT G RO Bnndafion 2% SIRMUIARHAPES, |

form of Equador@ttionduition, 85shokGh. in StefQ038. Nife (it the 16D nig/dTheprésennri§luchs a
first constant and HL is the | ower predeterm ned hematocrit level. 5 In one

enbodi nent, threshidy a’l“li_sh_?ﬁkﬂ 'l?éb? oo HBIE ngEmogr- rI§§B%EW‘P%W'?L théwever, if
His ligss t k@ﬂco@l‘;’t@&ﬂoﬂm%n%ﬁr&ﬁl%boﬁl%%?%& ?@%ﬁpwﬁgﬂ'ﬂ. Phe irPst RTrediBR S
per e u d

than the up predeterm cose concentration Gu, then the secon
functi on caregpoetionusgdbd o thafooml dittguatim Torrecti on value Corr, as shown in
step 2026. The second function may be in the formof Equation 6. 10 Eg. 6
Corr = KA(HL - H (Gmax - Gi )

Eq9 Gz=G1+C0rr.

15 If the initial glucose concentration Gy is not less than 100 mg/dL based on step
2036, then the corrected glucose concentration G; is calculated using a second correction
equation, as shown in step 2040. The second correction equation may be in the form of

Equation 10.

Corr
20 Eqg. 10 G,=G,(1+
q 2 1( 100)

After the corrected glucose concentration G is calculated in either step 2038 or step
2040, it is outputted as a glucose reading in step 2042.
After calculating Corr in step 2026, step 2030, or step 2032, the corrected glucose
25 concentration G can be calculated using Equation 10, as shown in step 2040. When Corr
equals zero (as for the third function), the corrected glucose concentration G; equals the
initial glucose concentration Gy, which can then be outputted as a glucose reading in step

2042.



The term K2 is a second constant and Grax is a predeterm ned maxi num gl ucose
concentration. In one enbodi nent, K2 and Grax nay be -0.004 and about 600
ng/ dL, 15 respectively. The correction value Corr for Equations 5 and 6 may
be restricted to a range of about -5 to about zero. Thus, if Corr is |less
than -5, then Corr is set to -5 and if Corr is greater than zero then Corr
is set to zero. Athird function can be used to calculate a correction val ue
Corr, as shown in step 2030, if His greater than Ho and if the initial

gl ucose concentration G is less than a | ower 20 predeterm ned gl ucose
concentration G.. The third function may-pe.in the formof Equation 7. Eq.
7 Corr = 0 25 However, if His greater than Hu and if the initial glucose

Conce””a“ on G g n'Ilé?ﬂo (ﬁ)?%‘mt&ﬂd% abQWRE BE%@% Qﬁ&hsgh H%ﬁ‘%‘amples
concentration @, then t ourt t|on cg use to calculate the
correction Vaving e€yeme hasatsd:mivlmalsrwa wrifipd 282 blodth Erofmorgmvetal damocst iIFAQ. 1thay be
|ntheform ation_.8. 30 .8 Corr = KA4(H. - Hu). - G The
Lormka o atous IS b e A el atieshabyBeb SR sttt Bl sl ed val ue
Corr fer Equaf&ila%g@oﬂﬁé&né&@crit@@&e[slﬁh%ﬂlcbﬁb @né@iﬂ@ﬁo:%f M&Q%bedﬁdaﬂy}ﬂ(ﬁb@m si X.
Thus, if Corr is 1less than zero, then Corr is set to zero and if Corr is

great er t harsheis theteéisciadrrholesblged samplesihavings witle eange af bumaerigndiraccwiien t he
first functign preQ: 53%\3(@' t@e?ﬁy hetsf@stfehw{ Sgﬁ JLUEORE b%%?ﬁu@t %r?s%} Pe@gdn%? gﬂﬂ?{%ﬁ@& to

100 ngldL in st (1208 e SR &h an 100
mg/ dL, then tbh}&: gelcmd igHtra AL Ya0loGeSprings Inthurzehts smlahcﬂﬁrmtged)hm) imgiogted i r st
correction equati as shown in step 2038. Note that the 1

represents a@g@watctg%’easmﬁs wcan%ﬁ%ra%mw*ﬁ daprwgsg 0 eﬁeﬁm@cﬁ %%chas P{' #0hg
nunber;y I'n dﬁ%ﬁt THe M %{&cﬂw stdd6 309l (CquER), Range; fheryahout 70

ng/dL to about 100 The |rst correction equ tron may be in ‘the form
of Equati on % Eqan@eso;arxg:r tGSpHm@Ihc saniBes with plecosai tThede dgtasuggast dertbetitr at i on
G is not | elgfertcg?andl trlplenallse approac for electro&emlcal measurement offers the opportunity
for improved analytical performance with blood glucose test systems. Thus, the use of the
correction value Corr, which depends on the hematocrit level H and the initial glucose
15 concentration Gy, allows for the determination of a more accurate corrected glucose
concentration Gy even if the blood sample has an extreme hematocrit level.

Identifying System Errors:

Various embodiments of a method for identifying system errors, which may include

user errors when performing a test, test meter errors, and defective test strips, are also

20 provided. For example, F1G. 11 is a flow diagram depicting an exemplary embodiment of a
method 1000 of identifying system errors in performing an analyte measurement. As
shown, a user can initiate a test by applying a sample to a test strip, as shown in step 1002.
After the sample has been dosed, the test meter applies a first test voltage V for a first time
interval T, as shown in step 1004a. A resulting test current is then measured for the first

25 time interval Ty, as shown in step 1005a. During the first time interval T, the test meter
performs a double dose check 1006a, and a maximum current check 1012a. If either the
double dose check 1006a or maximum current check 1012a fails, then the test meter will
display an error message, as shown in step 1028. If the double dose check 1006a and
maximum current check 1012a both pass, then the test meter can apply a second test voltage

30 V, for a second time interval T, as shown in step 1004b.



2036, then the corrected glucose concentration G is calculated using a
second correction equation, as shown in step 2040. The second correction
equation may be in the formof Equation 10. 20 Eq. 10 GZ =G 1 + Corr 100
After the corrected glucose concentration & is calculated in either step
2038 or step 2040, it is outputted as a glucose reading in step 2042. After
calculating Corr in step 2026, step 2030, or step 2032, the corrected

gl ucose 25 concentration G can be cal cul ated using Equation 10, as shown
in step 2040. Wen Corr equals zero (as for the third function), the
corrected glucose concentration G2 equal syghe initial glucose concentration
GlL, which can then be outputted as a glucose reading in step 2042. -29- The
met hod 2000 for atl r | [ | es
havi ng extrene he’ﬁaetsg QSP% "g ls\?\r}’/a%asgrgal ?(fr%ﬁe Segggaeﬂ%ﬁfnttérgmf r* bgn% Sts%e‘(&g?% &P
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tested with bl ood sanples havi ng a w de range of hematocrit |evels and

gl ucose concEnblestosyeieck VBYeD, §ﬁ@e¥im‘FfE§P’If§m chgods 1042h, apdanipmuneeyrest chsek whol e
bl ood ganpl eFOlﬂﬁvlﬂﬂe%fme%ﬂeék@rlgﬁéﬁﬁloh%g\?fnﬂﬁﬁhtfaxﬁ'?hetnhﬁ REGHEBCY i1 cﬁé}ﬁ'

precision of the new test system As s i as o t he sensor sponse
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Spri ngs, | otted i nst. ose con ration. The
data were ob@é’? “FF‘FW“'&S%?@H@@ Fﬂt‘te%téﬁb 318 g’?‘?dv”d”BWnggl onors. The
hematocrit was adj ushRMghQ dA%nt ROHS@Y ,fo@u?e ot ihehRs ;0% sh&G%n step
(triangles) prior to sprking the sanples with glucose. These data suggest

t hat the thi H05k.aleringdielapplication ppihe tgud tee vafipgeoe Hieftett metes perfoatiarda
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bl ood glucose Sse o correcti on
whi ch dependz&s.@tandehﬂheélGMGCernuta sampR! ledRagnchcthe014rl Ui 4l ofgheiclagls I6c,

concentration G e determ nation of a npre accurate corrected
gl ucose conlz(x)slﬁt%rlét)tlf“é)H0@C é%hoz‘* pestethsn Hisdest Mpr Vil Sisply 28l¥508fre henat ocri t
level . 1 dentdEaid8loms SR £4:51026. If one of the checks 1006c, 1012¢, 1014c, 1022¢, and

1024c fails, then the test meter will display an error message, as shown in step 1028.

Double-Dosing Events

A double dose occurs when a user applies an insufticient volume of blood to a
sample-receiving chamber and then applies a subsequent bolus of blood to further fill the
sample-receiving chamber. An insufficient volume of blood expressed on a user’s fingertip

20 or a shaky finger can cause the occurrence of a double-dosing event. The currently
disclosed system and method can be configured to identify such double-fill events. For
example, FIG. 12 shows a test current transient where a double-dosing event occurs during
the second test time interval T, thereby causing a spike to be observed (see solid line).
When there is no double-dosing event, the test current transient does not have a peak (see

25 dotted line of FIG. 12).

A double-dosing event can cause a glucose test to have an inaccurate reading. Thus,
it is usually desirable to identify a double-dosing event and then have the meter output an
error message instead of outputting a potentially inaccurate reading. A double-dosing event
initially causes the measured test current to be low in magnitude because the electrode area

30 is effectively decreased when only a portion is wetted with sample. Once the user applies

the second dose, a current spike will occur because of a sudden increase in the effective



Various enbodi nents of a nmethod for identifying systemerrors, which my

i nclude wuser errors when performng a test, test neter errors, and
defective test strips, are also 20 provided. For exanple, FIG | | is a flow
di agram depi cti ng an exenpl ary enbodi mrent of a nmethod 1000 of identifying
systemerrors in perform ng an anal yte neasurenent. As shown, a user can
initiate a test by applying a sanple to a test strip, as shown in step 1002.
After the sanple has been dosed, the test neter applies a first test voltage
Vt for a first tine interval T1l, as shown in step 1004a. A resulting test
current is then measured for the first 253qine interval T1, as shown in step
1005a. During the first tinme interval the test neter perforns a double

dose check 1%8%?0@%% fd gﬁé'bmg&g‘&ﬁ ice me%g&?gn%]rg CeAtT} glaﬁd?ﬁ;] gé {}gqsspfﬁ%b' N
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second time interval T2, as shown in step 1 . During thé applitation of
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1012b, and 1014b pass, then the test nmeter will apply.a third test voltage

V3, as shomO?%rSs‘%eéfﬁeifwcmEd test GUEEL- t A GAUEER “@Mrbﬁéﬁﬁd tp ddontifsdruble-4asingt he
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the third test vo ta e V test nmeter perforns a ose check
1006¢c, naxi nmumobue vaém ofdhesdcoﬂ@ﬂaZtoqunantmIﬁthmdrffexerrceemgreaihetbkn 4 @iedeternainéd gh

resi stance c S§ % @ a sa eaka e cheg qﬁ} E CE of the
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will display sexfal wanear aﬂﬁ@é@sgeurrca@ valherme pfpilestedrbylhﬁz@st m&er. The equation can be
15 in the form of Equation 11 for calculating a difference value Z for determining whether a

double-dosing event had occurred.
Eq. 11 7 = abs(i(t+x)) — abs(i(t))

20 The terms i(t) is a second test current, i(t+x) is a third test current, t is a time for the
second test current, and x is an increment of time in between current measurements. 1f the
value Z is greater than a predetermined threshold of about 3 microamperes, then the test
meter may output an error message due to a double-dosing event. The predetermined
thresholds disclosed herein are illustrative for use with test strip 100 and with the test

25 voltage waveform of FIG. 6 where the working electrode and the reference electrode both
have an area of about 0.042 cm® and a distance between the two electrodes ranging from
about 90 microns to about 100 microns. It should be obvious to one skilled in the art that
such predetermined thresholds may change based on the test strip design, the test voltage

waveform, and other factors.



Doubl e- Dosi ng Events A doubl e dose occurs when a user applies an
insufficient volunme of blood to a sanple-receiving chanber and then applies
a subsequent bolus of blood to further fill the sanple-receiving chanber.
An insufficient volunme of blood expressed on a user's fingertip 20 or a
shaky finger can cause the occurrence of a doubl e-dosing event. The
currently disclosed systemand nethod can be configured to identify such
double-fill events. For exanple, FIG 12 shows a test current transient
where a doubl e-dosi ng event occurs during the second test tinme interval T2
t hereby causing a spike to be observed (segg.solid line). Wen there is no
doubl e-dosi ng event, the test current transient does not have a peak (see

25 dotted line ofj,E l:e ' : st
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of outputting a potentially inaccyrate readi ng. A doubl e-dosi ng event
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w th sanple. Once the user applies the second dose, a current spike wll
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al so because turBuI ence
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close to the™wo

generat ed beghuss tig thR@tdst Oitredl. TheequeB@eRby baahe iemnatEqueidert oy t he
sanple for the entire test time. Thus, an 5 inaccurate glucose reading can

result if a Yas{atingapsemmalign yelug Ydar determping whebsea doubda-floshia svent hedpr essed
or el gyated as, a.yesult of the double-dosing. A nmethod of identifying a
doubl e-dosi ng event (1006a, 1006b, or 1006c) may include neasuring a second
test current and a third test current where the second test current occurs

before the third test curregt. An equation may be used to identify
doubl e- dosi ng 10 events%%hggd on éfdﬁfN@%@Nﬁéﬁﬁgﬁﬁébﬁa?%gﬂégsolute val ue of
the third test current and the absolute value of the second test current.

If the difference is greater than a predeterm ned threshold, the test neter
can output an erroe pesdtl s 4 sseonsestgergtt, if-Xos b fiest desseurtenbi@dhy). is a third test

15 current, t is a time for the second test current, and x is an increment of time in between
measurements, and abs represents an absolute function. If the summation value Y is greater
than a predetermined threshold, then the test meter may output an error message due to a
double-dosing event. The predetermined threshold may be set to a different value for the
first time interval T, the second time interval T,, and the third time interval Ts.

20 In one embodiment, the predetermined threshold may be about 2 microamperes for
the first time interval Ty, about 2 microamperes for the second time interval T, and about 3
microamperes for the third time interval Ts. The predetermined thresholds may be adjusted
as a result of the various factors such as, for example, noise in the test meter, frequency of
test current measurements, the area of the electrodes, the distance between the electrodes,

25 the probability of a false positive identification of a double-dosing event, and the probability
of a false negative identification of a double-dosing event. The method of identifying the
double-dosing event using Equation 12 can be performed for multiple portions of the test
current transient. It should be noted that Equation 12 can be more accurate than Equation
I'1 for identifying double-dosing events because the first test current and third test current

30 provide a baseline correction. When using the test voltage waveform of FI1G. 7, the double-

dosing check can be performed at a time period just after the beginning of the first, second,



The met hod of identifying the doubl e-dosing event may be performed nultiple
times in serial manner as the test current values are collected by the test

neter. The equation can be 15 in the formof Equation | | for calculating a
difference value Z for determ ning whether a doubl e-dosing event had
occurred. Egq. | | Z = abs(i(t+x)) - abs(i(t)) 20 The terns i(t) is a second

test current, i(t+x) is athird test current, t is atime for the second
test current, and x is an increnent of tinme in between current neasurenents.
If the value Z is greater than a predeterm ned threshold of about 3

m croanperes, then the test neter may ougput an error nessage due to a
doubl e-dosi ng event. The predeterm ned thresholds disclosed herein are
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changesbased.;gp the test strip design, the test voltage waveform and other
factors. -32- In another enbodi nent for identifying a doubl e-dosing event
(e.g., 1006a, 1006b, or 1006c) a nethod is provided which includes

measur i ng a @1 rst (Ie cunr g{ a second test current, and a third test
current wher ¥ REGPET LA current occurs before the second test 5

current and the tAq fetbric@36 itd&psant 2060 1Ibs af ERc bhBIG aqofthakBSIm Cufdnent . An
equation is provided to identify doubl e-dosi ng events based on two times the
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equati on ma orm P&t in anmat i
value Y for moawmam Ndp mmtmnerﬂhdﬁtdnhm st@srim@ecemm arh&l@brteﬂ@ogmﬁmr Fkﬁi. 3Eq.
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time in betwee
si gmf' cant amount of ferrocyanide before the second test voltage V, is applied causing a

15 relatively large test current value to be observed. In contrast, when the test meter properly
initiates the test voltage waveform once blood is applied, the test current values for the
second time interval are much smaller, as illustrated by the dotted line in FIG. 13.
A late start event can cause an inaccurate glucose reading. Thus, it would be
desirable to identify a late start event and then have the meter output an error message
20 instead of outputting an inaccurate reading. A late start event causes the measured test
current to be larger in magnitude because there is more time for the reagent layer to
generate ferrocyanide. Thus, the increased test current values will likely distort the
accuracy of the glucose concentration.
In addition to a test meter error, a short between the first and second electrode can
25 cause the test current to increase. The magnitude of this increase depends on the magnitude
of the shunting resistance between the first and second electrode. If the shunting resistance
is relatively low, a relatively large positive bias will be added to the test current causing a
potentially inaccurate glucose response.
Maximum current check (1012a, 1012b, and 1012c) can be performed by comparing
30 the absolute value of all of the measured test current values to a predetermined threshold

and outputting an error message if the absolute value of one of the measured test current



measurenents, and abs represents an absolute function. If the sunmation
value Y is greater than a predeterm ned threshold, then the test neter my
out put an error nessage due to a doubl e-dosing event. The predeterm ned
threshold may be set to a different value for the first tine interval Tt,
the second tinme interval T2, and the third tine interval T3 20 In one

enbodi nent, the predeterm ned threshold nay be about 2 m croanperes for the
first tinme interval T1, about 2 m croanperes for the second tinme interval

T2, and about 3 mcroanperes for the third tinme interval T3. The
predeterm ned thresholds may be adjusted.3fs a result of the various factors
such as, for exanple, noise in the test neter, frequency of test current
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than Equation 11 for identifying doubl e-dosi ng events bécause the first test
current and misreahpessstionthe therdtiim@intgpvaddisde a basel i ne correction. Wen using
the test voltage waveformof FIG 7, the double- dosing check can be
performed at a tinme period just after the beginning of the first, second,
-33 and thixghikisedridecualiks because a peak typically occurs at the
beginning of the tine intervals. For exanp the test currents neasured at
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defect. An exanple of a test . 10 matg error occurs, when the bl ood is
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test current transient where the test neter not 1 nmedi atel y detect the
dosi ng of blegad imtlectiobiatit disthasge dvont((EEP) soa teamploram)slnort betgaghiiat ®depanido, a
late St art Wllectrog equ%B Svéhts can cause a relatively large current to be observed for a least a short
moment in time that initiates a test even though no liquid sample has been introduced into
the test strip.
An inadvertent initiation of a glucose test can cause a fest meter to output a low
giucose concentration even though no sample has yet been applied to the test strip. Thus, it
20 would be desirable to identify an inadvertent initiation of a glucose test so that the test meter
does not output a falsely low glucose reading. Instead, the test meter should provide an
error message that instructs the user to re-insert the same test strip or to insert a new test
strip for performing the test again.
A time shifting error by the test meter can occur when the third test voltage Vzis
23 applied early or late. An early application of the third test voltage V3 should cause the test
current value at the end of the second time interval Ty to be a relatively large current value
with a positive polarity instead of a relatively small current value with a negative polarity.
A late application of the third test voltage V3 should cause the test current value at the
beginning of the third time interval to be a relatively small current value with a negative

30 polarity instead of a relatively large current value with a positive polarity. For both the

early and late application of the third test voltage V3, there is a possibility of causing an



significant anmount of ferrocyani de before the second test voltage V2 is
applied causing a 15 relatively large test current value to be observed. In
contrast, when the test nmeter properly initiates the test voltage waveform
once blood is applied, the test current values for the second tine interval
are nmuch smaller, as illustrated by the dotted line in FIG 13. Alate start
event can cause an inaccurate glucose reading. Thus, it would be desirable
to identify a late start event and then have the nmeter output an error
message 20 instead of outputting an inaccurate reading. A late start event
causes the neasured test current to be | arger in magnitude because there is
nore time for the reagent |layer to generate ferrocyanide. Thus, the
increased te cur values - w | L |ikel Lstort, the curacy, .af the
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i mproper tinme“shift by a test neter, and a“prenmature test strip renoval. A

fal se start c@mfthe measured test current values is less than a predetermined threshold. The

15 predetermined threshold may be set to a different value for the second and third test time

intervals. However, in one embodiment, the predetermined threshold may be about 1
microampere for the first time interval T, and the second time interval T;. Note that the
minimum current check was not performed for the first time interval because the test current

values are relatively small because the first test voltage is close in magnitude to the redox

20 potential of the mediator.

High Resistance Track:
As referred to in step 1022¢ of FIG. 11, a high resistance track can be detected on a

test strip that can result in an inaccurate glucose reading. A high resistance track can occur
25 on a test strip that has an insulating scratch or a fouled electrode surface. For the situation

in which the electrode layers are made from a sputtered gold film or sputtered palladium

tilm, scratches can easily occur during the handling and manufacture of the test strip. For

example, a scratch that runs from one lateral edge 56 to another lateral edge 58 on first

electrode layer 66 can cause an increased resistance between the first contact pads 67 and
30 the first electrode 66. Sputtered metal films tend to be very thin (e.g., about 10 nm to about

50 nm) making them prone to scratches during the handling and manufacture of the test



occur when the test neter initiates a glucose test even though no sanpl e has
been applied to the test strip. Exanples of situations that can cause a
test meter to inadvertently initiate a test are an electrostatic discharge
event (ESD) or a tenporary short between first and second 15 el ectrodes.
Such events can cause a relatively large current to be observed for a |east
a short nonent intine that initiates a test even though no |iquid sanple
has been introduced into the test strip. An inadvertent initiation of a

gl ucose test can cause a test neter to output a low glucose concentration
even though no sanple has yet been appliedgto the test strip. Thus, it 20
woul d be desirable to identify an inadvertent initiation of a glucose test
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Eq. 13 Ver=V —i()R

Ve will be the most attenuated at the beginning of the third time interval Tz where

20 the test current will generally have the highest magnitude. The combination of a relatively
large track resistance R and a relatively large test current at the beginning of the third time
interval T3 can cause a significant attenuation in the applied test voltage. In turn, this could
cause an attenuation of the resulting test current at the beginning of the third time interval
T;, as illustrated in FIG. 14 at t = 4.05 seconds. Such attenuation in the peak current

25 immediately at about 4.05 seconds can cause the calculated glucose concentration to be
inaccurate. In order to avoid significant attenuation in the applied test voltage, the track
resistance R should be a relatively small value (i.e., low track resistance). In one
embodiment, a low resistance track may be represented by an electrode layer having a
resistivity of less than about 12 ohms per square and a high resistance track may be

30 represented by an electrode layer having a resistivity of greater than about 40 ohms per

square.



a mnimmcurrent check so that an error nessage can be provided instead of
displaying an to inaccurate glucose reading. The m nimum current check may
be perforned by conparing the absolute value of all of the neasured test
current values during the second and third tine intervals (T2 and T3) to a
predeterm ned threshold and outputting an error nessage if the absolute

val ue of one of the neasured test current values is |less than a
predeterm ned threshold. The 15 predeterm ned threshold may be set to a
different value for the second and third test time intervals. However, in
one enbodi nent, the predeterm ned threshokg.may be about 1 m croanpere for
the first tinme interval T, and the second tine interval T2. Note that the

m ni mum current ¢ N0 ‘QEE : i j i I because
the test current Q?%ﬁ%@%@e&fr el a e?\%e g“@%ﬁyﬁgggﬁgﬁereﬁgﬁﬁ %&?S%/%%st vol t age
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has an insulating scratch or a foul ed el ectrode surface. For the situation
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sputtered palladi um._ fi scratches can.easily occur duri t he handl i ng
and manut acc g B el By (8 R ResPRR Fs e AEEU LN M AP UR, | oF,
one | ateral gdgeaobte® monamat her | ateral edge 58 on first electrode | ayer 66

can cause an increased resjstance. between the first contact pads 67 and 30
the first el ectr ol satiosgr fdspialyingst high agkygsistantg may trfem\v@rf;%rm Ri Rayadiog. |
about 30 nm{p about 50 nm) naking them prone to scratches during the
handl i ng and nmanufacture of the test -36- strip. In addition, sputtered
nmetal filns can be foul ed by exposure to volatile conpounds such as, for
exanpl e, hydrocarbons. This exposure causes an insulating filmto formon
the surface of the el ectrode, "‘hiag.hlzli ncreages the resistance. Another
scenario that can cause a 5 high resistance tragkijs when the sputtered
nmetal filmis too thin (e.g., less than about 10 nn). Yet another scenario
that can cause a high resistance track is when the test neter

If the first ratio Ry is greater than a predetermined threshold, then the test meter may

15 output an error message due to the test strip having a high resistance track. The
predetermined threshold may be about 1.2. It is significant that the first test current iy is
about a maximum current value because it is the most sensitive to resistance variations
according to Eq. 13. If a first test current iy is measured at a time that was closer to the
minimum current value, then Equation {4 would be less sensitive for determining whether a

20 high resistance track was present. It is advantageous to have relatively low variation in the
first ratio R; when testing low resistance test strips. The relatively low variation decreases
the likelihood of mistakenly identifying a high resistance track test strip. As determined and
described herein, the variation of first ratio Ry values for test strips having a low resistance
track is about four times lower when a first test current value i; was defined as a current

25 value immediately after the application of the third test voltage V3, as opposed to being a
sum of current values during the third time interval T3. When there is a high variation in
first ratio Ry values for low resistance test strips, the probability of mistakenly identifying a

high resistance track increases.



connectors do not forma sufficiently conductive contact to the test strip
contact pads. For exanple, the presence of dried blood on the test neter
connectors can prevent sufficiently conductive contact to the test strip
contact pads. 10 FIG 14 shows two test current transients during a third
time interval T3 for a test strip having a high resistance track (squares)
and a low resistance track (triangles). A sufficiently high resistance R
that is between the el ectrode and the el ectrode contact pad can
substantially attenuate the magnitude of the effectively applied test
voltage Veff, which in turn can attenuategthe magni tude of the resulting
test current. The effective test voltage V,rr 15 can be descri bed by
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third tine |m1ﬁ§,val T3. The first test current ii may be neasured at about a
beginning of the third tinme interval T3 (e.g., about 4.05 seconds) where
the magnitude is at a maxi num or

15 Leakage
As previously referred to in step 1024c¢ in FIG. 11, a leakage can be detected on a

test strip when the spacer 60 does not form a sufficiently strong liquid impermeable seal
with the first electrode layer 66. A leakage occurs when liquid seeps in between the spacer
60 and the first electrode 66 and/or the second electrode 64. FIG. 4B shows a reagent layer

20 72 that is immediately adjacent to the walls of the spacer 60. However, in another
embodiment (not shown) where leakage is more likely to occur, the reagent layer 72 can
have an area larger than the cutout arca 68 that causes a portion of the reagent layer 72 to be
in between the spacer 60 and the first electrode layer 66. Under certain circumstances,
interposing a portion of the reagent layer 72 in between the spacer 60 and the first electrode

25 layer 66 can prevent the formation of a liquid impermeable seal. As a result, a leakage can
occur which creates an effectively larger area on either the first electrode 66, which in turn,
can cause an inaccurate glucose reading. An asymmetry in the area between the first
electrode 66 and the second electrode 64 can distort the test current transient where an extra

hump appears during the third time interval Tj, as illustrated in FIG, 16.



close to the maxi mum The second test current i2 may be neasured at about an
end of the third tine interval T3 (e.g., about 5 seconds) where the
magnitude is at the mninumor close to the mnimum The equation for
identifying a high track resistance may be in the formof Equation 10 14.
Eq. 14 RI =, i' ii -12 If the first ratio R is greater than a
predeterm ned threshold, then the test neter may 15 output an error nessage
due to the test strip having a high resistance track. The predeterm ned
threshold may be about 1.2. It is significant that the first test current i
is about a maxi mum current value becausespt is the nost sensitive to
resistance variations according to Eq. 13. If a first test current it is
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hydr ocar bons,diRgive BMRI BlanMRE kRatinEliGEE ARskrinefle §al {olthé QIEctY&fés. Test strip lot 3
was constructed using a dryer setting that was sufficient to dry the reagent layer and also
15 was laminated with a pressure setting sufficient to form a liquid impermeable seal. Both
test strip lots 2 and 3 (triangles and circles respectively) show a more rapid decay in the test
current magnitude with time compared to test strip 1 (squares), as illustrated in FIG. 16.
A determination of whether a test strip leaks can be performed using an equation
based on a first test current, a second test current, a third test current, and a fourth test
20 current that occur during the third test time interval. A first logarithm of a second ratio can
be calculated based on a first test current iy and a second test current i;. A second logarithm
of a third ratio can be calculated based on a third test current iz and a fourth test current iy.
An equation may be used to calculate a fourth ratio R4 based on the first logarithm and the
second logarithm. If the fourth ratio Ry is less than a predetermined ratio, then the test
25 meter will output an error message due to leakage. The predetermined threshold may range
from about 0.95 to about 1. The equation for identifying leakage can be in the form of

Equation 5.



manuf actured w t hout purposely fouling the el ectrode surface. To prevent
fouling, a roll of sputtered coated palladiumwas coated wth MESA before
coating with the reagent layer. Al of the | ow resistance test strips,

whi ch were not fouled, had R, values of |less than about io 1.1 indicating
that Equation 14 could identify low track resistance test strips. Simlarly,
essentially all of the high resistance test strips, which were purposely
foul ed, had Rl values of greater than about 1.1 indicating that Equation 14
could identify high track resistance test strips. 15 Leakage As previously
referred to in step 1024c in FIG 11, a l.ggkage can be detected on a test
strip when the spacer 60 does not forma sufficiently strong liquid

i nperneable seal wth the first el ectrode |ayer A | eakage occurs when

| iquid seeps in between the spacer 60 and the15i%él el ectrode 66 and/or the
second el ectrode 64. FIG 4B shows a_reagent Iay i, 20 72 that is imediately
adj acent to the walls of the spa -180. Howkv&r,—m anot her  enmbodi ment (not
shown) where | eakage is nore likely to occur, aéfﬁiagent | ayer 72 can have
an area larger than the cutout area 68 that causedsa portion of the reagent

| ayer 72 to be in between the spacer 60 and the first electrode |ayer 66.
Under certain circunstances, interposing a portion of the reagent |ayer 72
in between the Spfhccﬁ{ eﬁ%oﬁ%n& Wfr‘ ﬁ}sEé}nc‘E {r‘ttl{ %h%?eéoﬁdf‘ef ¢ ©Cuta rRyBuent the
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F1G. 17 is a chart showing a plurality of Ry values calculated with Equation 15 for
the three test strip lots described for FIG. 16. Accordingly, test strip lot | has fourth ratio
values less than one and both test strip lots 2 and 3 have fourth ratio R4 values greater than

15 one indicating that Equation 15 can successfully identify strip leakages.

In an alternative embodiment, a determination of whether a test strip has a leakage
can be performed using an equation based on three test current values instead of using four
test current values as shown in Equation 15. The three test current values may include a
first test current iy, a third test current is, and a fourth test current iy that all occur during the

20 third test time interval T3. A third logarithm of a fifth ratio may be calculated based on the
first test current iy and the third test current i3. A second logarithm of a third ratio may be
calculated based on the third test current i3 and the fourth test current iy. An equation may
be used to calculate a sixth ratio Rg based on the third logarithm and the second logarithm.
If Rg is less than a predetermined ratio, then the test meter will output an error message due

25 to leakage. The equation for identifying leakage may be in the form of Equation 16.



Normal Iy, the reagent layer is sufficiently dried so that an adhesive
portion of the spacer 60 can intermngle with the reagent |ayer and stil
forms a liquid inperneable seal to the first electrode |ayer 66. In
addition, sufficient pressure nust be applied so that the adhesive 10
portion of the spacer 60 can formthe |liquid inperneable seal to the first
el ectrode | ayer 66. The test strip lot 2 was prepared simlarly to test
strip lot | except that they were stored at about 37 Cel sius for about two
weeks. The storage of the test strip ot 2 caused the adhesive bond to
anneal creating a liquid inperneable seal-4to the el ectrodes. Test strip |ot
3 was constructed using a dryer setting that was sufficient to dry the
reagent |l ayer and also 15 was |amnated with aAE essure setting sufficient
to forma liquid inperneable seal. Both tesbg&}aip lots 2 and 3 (triangles
and circles respectively) show a nore ragid decgy in the test current

magni tude with time conpared to tes qs¥% 17 guares), as illustrated in
FIG 16. A determ nation of whether a test sngéjleaks can be perfornmed
usi ng an equation based on a first test currenk,/ a second test current, a
third test current, and a fourth test 20 current that occur during the third
test time interval. Afirst logarithmof a second ratio can be calcul ated

based on a first HRSLKiGH heRE art IvilRAEHr&iREGRME: fefBtesGHA h@hdads ofAhéS?x@%@
b d based on a third test current

| ogarithm of a third ratio can be cal cul ate
i 3 and Sa f oudistiosues basedion thetaboue-despribesipmtiodomentayAdserdisgly, the preadng diselpaure
fourth ratio. Ra sed on the first |logarithmand the, secqond lqgarith | f
the four th ¢ 50 b gy IO bR becn BB P THARED et R r R ES iy
meter will oby dtappehded ERIMITESIS pEsticatighstaad kakags citddkergihaeted:@rdatined
threshold may range from about 0.95 to about 1. The equation for

i denti fying IncapagEeddigreinby referengs ip dhaw @tiretEquation 15. -40 i log iJ z
Eq. 15 R4 _log ' 14



In one enbodi ment, the first test current it and the second test i2 current
may be 5 about the two | argest current values occurring during the third
time interval T3. The fourth test current i4 may be a snallest current

val ue occurring during the third tinme interval T3. The third test current
i3 my be selected at a third test tinme so that a difference between the
fourth test tine and a third test tine is greater than a difference between
a second test time and a first test tine. In one illustrative enbodi nent,
the first test current, the second test 10 current, the third test current,
and the fourth test current may be nmeasurggl_.at about 4.1 seconds, about 4.2
seconds, about 4.5 seconds, and about 5 seconds, respectively. FIG 17 is a
chart show h%i@f#ﬁﬂd&y of R4 values calculated with Equation IS for the
three test strip lots déscribed for FIG 16. Accordingly, test strip lot I
has fourth ratio values |less than one and both test strip lots 2 and 3 have

fourth ratio R4 val ues greater .than 5 one indicating that Equation | S
can successfllly ’?‘quf%fcglﬂ‘liabng @h"ﬂ‘é‘éé"s?onlcﬁ‘t%oﬁp RFHRIEAFOTRRBBET ment, a

det ermisnati on of WREHRET; Lsahfpd toSh eldRirb@Rnfical BAKAICInCIHAL DErsPREHPUERSH 41ST NG
an equation based on three test current values instead of using four test

current val ussorakelghiode; i n Equation 15. The three test current val ues may

include a first test cukrrent ii., third test .current i3, and fourth test
current 14 that dPPOGUCHASS YoyneRy: Bea i e BEHf RhptneRRE g e B, |7
| ogarit hm of 4 thé §dcbnd @bdt@deBYFRRNERI £ Wadlpaetiala sRRliRM el ed iddfitorta ik

current i1 and the third test current i3. A second logarithmof a third

rati o may bese_c@ﬁi@%ﬂt@ﬂ@d based on the third test current i3 and the fourth
test cyrrent i4. @Blyﬁ@?gécﬁ% g?tyvotltﬁge Vif(‘)q aégﬁo%alti%liﬁt%ﬁaﬁ'r?b%g?r{s @IF: lﬁ?stRG

based on the thir rithm and secon ogarit ess than a
predet er m nededt@ide and thegecdnb @lecrsde sneflicent b dtlledupgotisllveoxidive ke reckeshge due 25
to | eakage. The equati?n for identifying | eakage may be in the form of

1

Equation 16. Me#3lor pighe liseleqgod; = |3 |~ log[ i4 J One skilled in the art
wi Il appreciate fuidngnhehR#itieRaREAL A AOSShOantf1EbREE S8 AL Icast one test

current value determined during the first time interval T; and the second time interval T;
15 calculating an error source of the sample; and
calculating a corrected analyte concentration based on the initial analyte

concentration and the error source.

2. The method of claim 1, wherein the analyte is glucose and the error source is a

20 hematocrit level, the calculating steps being calculating an initial glucose concentration G
of the sample based on at least one test current value determined during the first time
interval Ty and the second time interval T, calculating a hematocrit level H of the sample,
and calculating a corrected glucose concentration G, based on the initial glucose

concentration G and the hematocrit level H.

25
3. The method of claim 2, wherein the step of calculating the corrected glucose
concentration comprises:
calculating a correction value Corr with a first function, the first function utilized if
the hematocrit level H is less than a lower predetermined hematocrit level Hy, and if the
30 initial glucose concentration Gy is less than an upper predetermined glucose concentration

Gy; and



5 di scl osure based on the above-described enbodi nents. Accordingly, the
present disclosure is not to be limted by what has been particularly shown
and descri bed, except as indicated by the appended clains. Al publications
and references cited herein are expressly incorporated herein by reference
in their entirety. -42- What is clainmed is: | A nethod of calculating an
anal yte concentration of a sanple, conprising: 5 introducing a sanple to an
el ectrochem cal cell that includes a first electrode and a second

el ectrode; applying a first test voltage V, for a first tinme interval T,
between the first electrode and the seconsl-el ectrode sufficient to at |east
partially oxidize a reduced nediator at the second electrode; to applying a
second test vol t agg,Ménf He c‘%n‘%@c@@ggc&ée%nd_emr%dlﬂi}; Te6h WRARhNAuddsE St

el ectrode and the second el ectrodé sufficient to at |least partially oxidize
t he reduced comegfitratior Gatthe hemdtpergtievsl Heandttie corentionvalue 6g7an initial anal yte
concentration of the sanple based on at | east one test current val ue
determ ned during the first tine interval T, and the second tine interval

T2; 15 cal caul at iTg dth&d 6dlaifm03)MaRredd the TestTatanibe is ndueidiG tHealyuandeing
corrected anal yte concentrati on based on the initial analyte concentration
and the error solr®@&=Iu(Hrh8)fst hod of claim 1, wherein the anal yte is
glucose and the SUEREBAL B dorredichdallRIR] gcarﬁ[&téoﬁylght; Hi hengabed! ating steps
being calculating an initiral glucose concéentration of the sanpl e based
on at | east padetéradteddenmaemntit leatluH iddtedremarnedt Bueli gl Ghes tlid ingtal glupese
interval T, and the second tinme interval T2, calculating a hematocrit |evel
H of the sanfi"&S"ra4R%Y cal cul ating a corrected gl ucose concentration G based
on theginitial glucose concentration G and the hematocrit |evel H 25 3.

The method of claim2, wherein the step of calculating the corrected gl ucose
The method of claim 4, wherein the corrected glucose concentration G; is

determined by the equation G, = G; + Corr if the initial glucose concentration Gy is less

than a glucose threshold., the correction.

15 6. The method of claim 4, wherein the corrected glucose concentration G; is

determined by the equation G, = G, [] N Cl’gf(‘)r

) if the initial glucose concentration G, is

greater than a glucose threshold.

7. The method of claim 2, wherein the step of calculating the corrected glucose
20 concentration comprises:
calculating a correction value Corr with a second function, the second function
utilized if the hematocrit level H is less than a lower predetermined hematocrit level Hy, and
if the initial glucose concentration Gy is greater than the upper predetermined glucose
concentration Gy; and
25 calculating the corrected glucose concentration G, based on the initial glucose

concentration Gy, the hematocrit level H, and the correction value Corr.



concentration conprises: calculating a correction value Corr with a first
function, the first function utilized if the hematocrit level His |less
than a | ower predeternm ned hematocrit level HL and if the 3o initial glucose
concentration G is less than an upper predeterm ned gl ucose concentration
GQu; and -43 calculating the corrected glucose concentration & based on the
initial glucose concentration G, the hematocrit level H and the
correction value Corr. 5 4. The nethod of claim3, wherein the first
function is an equation, the equation being Corr = K (HL - H G where Corr
is the correction value, K, is a first copgtant, HL is the |ower

predeterm ned hematocrit level, His the hematocrit level, and G is the

Lot o ucese, FRIRERI At e TRSeARAIEAL Ay, MRS

Corr if the Hefg i aI gI ucose concentration G is Iess than a gl ucose
threshold., the correction. 15 6. The nethod of claim4, wherein the
corrected gl ucos¥bndetleall)§Gnez G deternined by the equation@ = G | +

Corr 1Q0 9 if thg)vﬂe?éb lis Hle¥6RS&id ?%ﬁal migta' V\ﬂ)nﬁcohsﬁa tMERLRL 1WRRN 2

gl ucose t hr eshol he nmethod o erein t e step of cal cul ating
t he corr ect gitedptaroisd heR@tccaniceslt Ha!; theremetoprii iIsed; Gralicupatetomnisedcor r ect i on

value Corr with a sel\cond function, cand. Léin(:ti on utilized if the
hemat ocrit |BYEMUR §lucasgeancepiigion, ‘1‘ ‘r‘sg}eéﬂlé‘f‘ HFRE GOMHERETEEri t 1 evel HL

and if the initial glucose concentration G is greater than the upper
predeterm ned glucose concentration GQu; and 25 calculating the corrected
gl ucose conc%ntraTEhecmﬁﬂ@Zi Wadaoh Jvherean ihmcoﬁr@ntecmlmséonCGGM@nthas| on G, the

hemat ag" el cﬁe\{ rmmeﬂ t§B& sx}b@%nﬁafyreeq%%ll 131 eVI%{tHngIUCOSIé concentration Gy if the hematocrit
level H is greater than an upper predetermined hematocrit level Hy and if the first glucose

concentration G is less than a lower predetermined glucose concentration Gy.

10.  The method of claim 2, wherein calculating the corrected glucose concentration
13 comprises:
calculating a correction value Corr with a fourth function, the fourth function
utilized if the hematocrit level H is greater than an upper predetermined hematocrit level Hy
and if the initial glucose concentration G, is greater than the lower predetermined glucose
concentration G; and
20 calculating the corrected glucose concentration G; based on the initial glucose

concentration Gy, the hematocrit level H, and the correction value Corr.

11.  The method of claim 10, wherein the fourth function is an equation, the equation
being
25 Corr = K4(H - Hy) (G - GL)
where Corr is the correction value, K4 is a fourth constant, H is the hematocrit
level, Hy is the upper predetermined hematocrit level, G, is the initial glucose

concentration, Gy, is the lower predetermined glucose concentration.



-44- 8. The nethod of claim7, wherein the second function is an equation,
the equation being Corr = KA(HL - H (Grax - d) 5 where Corr is the
correction value, K2 is a second constant, Ht, is the |ower predeterm ned
hematocrit level, His the hematocrit level, Grax is a predeterm ned

maxi mum gl ucose concentration, and G is the initial glucose concentration.
9. The nethod of claim2, wherein the corrected gl ucose concentration G is
to deternmined to be substantially equal to the initial glucose concentration
G if the hematocrit Ilevel His greater than an upper predeterm ned
hematocrit level HU and if the first glucase concentration G is |less than
a |l ower predeterm ned glucose concentration G.. 10. The nethod of claim 2,
uhere n cal ol at Ing hifod OF (186 £ RS ARDRAREANIA Abasd P RTRE G %est
calculating a correction value Corr w a fourt unction, the ourt A
function utédrienedhlud dardreniteelnatiog the fikstetwad inkérva Tyraedthersetdraninaninteppe ;.
predeterm ned hematocrit level Hu and if the initial glucose concentration
G is greater than the | ower predeterm ned glucose concentration G.; and 20
cal cul gting the cpied @echS8loOeIHGPS vanE BiRthemkicRNt el sad|@Mtdd\BidgH ti al

gl ucose concentration G, the hematocrit level H, and the correction val ue
Corr. 11. Theeenmsedioddewhion] the hem@ocnitegration bei@ fourth function is an
equation, the equgtign i rgy, = K4(H - Hu) (@ - @G) where Corr is
the correction vgﬁuel?*q w&laﬁgnlg‘s%g%%hkbonstant, His the hematocrit |evel,
Hu i s the uppgsrepl Bded ieanmateed [dve i ;0€ hififthl ceX@hnt, iGhs dtSeabhsheicnirbntalalugldutiose
concentration, GL is the |ower predeterm ned gl ucose concentration. - 45
12. The net htha sepond tigeriorvalulesria p Aixt e nHanm o &y the NIk} GUCPs ONBHK@HOB AN

| east gne tegt isacslé(/érﬁﬁ]Eoﬁéﬁ’JnFe determned during the first tine interval T,
and the second tinme interval T2.

14.  The method of claim |, wherein the second test voltage V3 is applied immediately

after the first test voltage V.
15 15.  The method of claim [, wherein the first test voltage V; has a first polarity and the
second test voltage V; has a second polarity, the first polarity being opposite in sign to the

second polarity.

16.  The method of claim |, wherein the first test voltage Vy ranges from about —100 mV

20 to about 600 mV with respect to the second electrode.

17. The method of claim 1, wherein the second test voltage V; ranges from about +100

mV to about +600 mV with respect to the second electrode.

25 18. The method of ¢laim 1, wherein the first electrode and the second electrode have an

opposing face arrangement,

19.  The method of claim 1, wherein a reagent layer is disposed on the first electrode.



5 13. The nethod of claim2, wherein the hematocrit |evel H s cal cul ated
using a hematocrit equation, the hematocrit equation being H = Ks In(liZ2])
+ K6l n(Gl) + K, where His the hematocrit level, Ks is a fifth constant, i2
is at least one current value during the second tine interval, K6 is a
sixth constant, G is the initial glucose concentration, and 10 K7 is a
seventh constant. 14. The nethod of claim1l, wherein the second test voltage
V2 is applied imediately after the first test voltage VI. 15 15. The

met hod of claiml1, wherein the first test voltage V, has a first polarity
and the second test voltage V2 has a secagd polarity, the first polarity
bei ng opposite in sign to the second polarity. 16. The nethod of claiml1,
wherein the r st I about -100 nV 20 to about
-600 nVv V\Ilthml) esp’g%{ﬁ%@‘égﬁg@@@g#gﬁﬁﬂggﬁpi5 i 17. The method of claiml,
wherei n the seconsppigdsg aﬂntdtagefow:?ger%f@estlfxndctnnalm@ntfalﬂ@@tweam/t}tedirabout +600
nv with respect to th secodele 2 8. The th of claim1l,
wherei n t he Fersdand Bis Bt o BRE e dis PRSI P BB 8 Sirerce
arrangejrent . lst%bstJm@uwsbﬂﬁn @ﬁe ébls@l'ufé‘ mhagniti& & the ?ésﬁlﬁﬁ%%@@cdn%}{ﬁfor te sedonposed
on the first electrode. -46 . The met hod of claim further conprising:
appl yi ng a t kst ltages Vg thargéeSVSOIF&gﬁ Va being app licdrhe foire therfirstitesT Solmgewaen t he
first electrode and the second el ectrode where the absol ute nagnitude of
the resulting test current 5 is substantially |less than the absolute

magni t ude of 2t.he Aasethdd MYdémEYing ddeRot infacést bifi@, segmithgt est vol tage V2, the
third test voltage V3 bein plied before the first test voltage V1. 21. A
met hod of identi f MY “%a@é‘%é&‘c’f"?lﬁgévﬂé@ta @ﬁ‘rtFﬁt‘“@dﬁﬁf‘f%frmﬁetwéﬁ‘bﬁgf%g a first

test vl tageeMerdddrlan sb onH ete@%&detéu bRt SEMdze 116 @éd"ﬁl@@ia@r fd thétecdH
el ectrode and a secon ectro sufficient to oxidize reduced nedi ator at
t he second eleetcadeode;
applying a second test voltage V; for a second test time interval T; between a first
electrode and a second electrode sufficient to oxidize a reduced mediator at the first
electrode;
15 measuring a first test current i; and a second test current i; that occur during the
second test time interval T, the second test current iz occurring after the first test current iy;
and

determining whether the test strip has the defect using an equation based on the first

test current iy and the second test current iz.

20
22.  The method of claim 21, wherein the second test voltage V3 is applied immediately
after the first test voltage V.
23.  The method of claim 21, wherein the equation comprises a ratio between the first
25 test current iy and the second test current i;.
24. The methed of claim 23, wherein the equation comprises a ratio between the first

test current iy and the difference between the first test current i; and the second test current

iz.



applying a second test voltage V2 for a second test tine interval T2 between
a first electrode and a second el ectrode sufficient to oxidize a reduced
medi ator at the first electrode; 15 neasuring a first test current it and a
second test current i2 that occur during the second test time interval T2,

the second test current 12 occurring after the first test current i,; and
determ ni ng whether the test strip has the defect using an equation based on
the first test current i, and the second test current i2 20 22. The net hod

of claim2l, wherein the second test voltage V2 is applied inmediately
after the first test voltage V1. 23. The.gpthod of claim 21, wherein the
equation conprises a ratio between the first 25 test current i, and the
second test girrefls hanoddr ol IMahBKch ME Atk Asigrme WRES Iedfhirlcy BEEL T ON
conprises a ratio between the first test current 1, and the difference

bet ween t he Wfdgising &fsbe suondetvine intersaldlst he second test current 2. -47- 25.
The nmethod of claim?21, wherein the first test current ii is determ ned at
about a beginning of the second tinme interval T2 5 26. The nmethod of claim
21, wherein tde fTHeSheth€@Sbf Qaifd BN twhlereir the ArdtRost EMNEH Y LRAbxiMRHEIrTeAEedlid | Ng
during the second tinme interval T2 27. The nethod of claim 21, wherein the
second test ewrragtduripg the sgeandrtimamiatered Tabout an  end of the second tine
interval T2. 10 28, The method of claim?21l, wherein the second test current
i2is a mnimmcurrent value occurring during the second tine interval T2.
29. The net hpd of Tied metho @8t cldivr 2 hethegonihe k&dond tedt Qirept Ris Juedmikdngatant &1 r or
nmessage 15 indicating a defective test strip if the ratio is greater than a

first predet@KffEseepddingingerval Tz

10
28. The method of claim 21, wherein the second test current iy is 4 minimum current

value occurring during the second time interval T.

29.  The method of claim 28, further comprising a step of providing an error message

15 indicating a defective test strip if the ratio is greater than a first predetermined threshold.
30.  The method of claim 29, wherein the first predetermined threshold is about 1.2.
i1

31.  The method of claim 21, wherein the equation is a ratio = ——, where i, is the
L 1,

20 first test current and iz is the second test current,

32.  The method of claim 21, wherein the first test voltage ranges from about zero to

about -600 mV with respect to the second electrode.

25 33.  The method of claim 21, wherein the second test voltage ranges from about 10 mV

to about 600 mV with respect to the second electrode.

34.  The method of claim 21, wherein the defect is a high track resistance R.



30. The nethod of claim?29, wherein the first predetermned threshold is
about 1.2. 31. The nethod of claim2l, wherein the equation is aratio
where i, is the 11 12 20 first test current and i2 is the second test
current. 32. The nethod of claim 21, wherein the first test voltage ranges
from about zero to about -600 mV with respect to the second el ectrode. 25
33. The nethod of claim 21, wherein the second test voltage ranges from
about 10 nv to about 600 mV with respect to the second el ectrode. 34. The
met hod of claim 21, wherein the defect is a high track resistance R -48-
35. The nethod of claim 34, wherein the higgh track resistance Ris between a
connection point on a neter and either the first or second el ectrode of the
test strip. 3536. 74k H@&?@gf Ahink %Wefew. e h\@;ﬂ%&q&sigtghceﬁ Bbkewtkh bP
conprising: applying a first test voltage V, for a first test time interval
T, between acdnnegion i onrovdersand eghgrdbofict el ectndodertrodé i bk tast sttip oxi di ze a
reduced nedi ator at the second electrode; applying a second test voltage V,
for a second test tine interval between a first 10 electrode and a second
el ectrode suBéici Anhethd SGHEHERENR a dBRUGR ok striplcBmpatinghe first el ectrode;
nmeasuring a first test current i,, a second test current i2, a third test
current i3, and aarplyng e Hrs éest veltage ¥midoy afinshigst twecinrerel i hegfvediea §B¢ond t est
time interva : ' i . J: ' ti d on
the first toberfle Rl Y Bhychefodd &bt RRERL TN MasBied kbl REREBRET, 00
second | ogar klettrodef a second ratio based on the third test current i3 and

the fourth test current i4; and determ ning whether the te strip_has a
def ect using an e%ﬂpéxm%ﬁswgg&?swﬁtaﬁ%w i?‘?rsatsec‘?rtﬁig}ésrtitwtéﬁ@?E)‘Hé’e%‘b‘tg'ﬁﬂ

l'ogari fhm  2Qiectrode and a second electrode sufficient to oxidize a reduced mediator at the first
electrode;
measuring a first test current iy, a second test current iz, a third test current i3, and a
fourth test current iy that occur during the second test time interval Ty;
calculating a first logarithm of a first ratio based on the first test current iy and the
15 second test current is;
calculating a second logarithm of a second ratio based on the third test current iz and
the fourth test current iq; and
determining whether the test strip has a defect using an equation based on the first
logarithm and the second logarithm.,
20
37.  The method of claim 36, wherein the defect is a leakage of fluid between a spacer

and the first electrode.

38.  The method of claim 36, wherein a reagent layer is disposed on the first electrode so

25 that a portion of the reagent layer is between the spacer and the first electrode.



37. The nethod of claim 36, wherein the defect is a | eakage of fluid between
a spacer and the first electrode. 38. The nethod of claim 36, wherein a
reagent | ayer is disposed on the first electrode so 25 that a portion of
the reagent | ayer is between the spacer and the first electrode. -49- 39.
The nethod of claim 36, wherein the equation is a third ratio represented by
loi giz where il is the first test current, 12 is the second test current,
i3is the third test i3 logl i4 current, and i4 is the fourth test current.
5 40. The nethod of claim 36 further conprising a step of providing an error
message indicating a defective test stri.goi.f the third ratio is less than a
predeterm ned threshold. 41. The nethod of claim40, wherein the

pr edet er m ne thrﬁﬁﬁg £ Ay vh ) g<To) o e fsiR4 wherein
t he predet er%9 ned Ra? ?stg outekgnééqu%ﬁnﬁe rr[gtrﬁ{% g?ésgcpl %36
wherein the flrst test current ii and the second test current 12 conprise
the two larg ‘C rrent values during the second tine interval T2. 15 44,

The method o WRGe i 0 BTeq1rRt tséa%uxfraw IR tﬁ@&omgﬁmrehﬂh i$the Rk est
current valuesénéfurrlng the second tine Interval T2 he nmet hod of claim
i T
[

36, wherein erence between a fourth test current tlne and 20 a third
test current t is greater than a difference between a second test current

time and a  {ifet, ah&%lis &R tebd WRent 50-
5
40.  The method of claim 36 further comprising a step of providing an error message

indicating a defective test strip if the third ratio is less than a predetermined threshold.

41.  The method of claim 40, wherein the predetermined threshold is about 1.

10
42.  The method of claim 40, wherein the predetermined threshold is about 0.95.
43, The method of claim 36, wherein the first test current iy and the second test current i,
comprise the two largest current values during the second time interval T,
15
44, The method of claim 36, wherein the fourth test current iy i1s a smallest current value
occurring the second time interval T,.
45, The method of claim 36, wherein a difference between a fourth test current time and
20 a third test current time is greater than a difference between a second test current time and a

first test current time.



46. A nethod of identifying an error in performng a test with a test strip,
conprising: applying a first test voltage V, for a first test tine interval
T, between a first electrode and a second el ectrode; 5 measuring
consecutively a first test current it, a second test current i2, and a third
test current i3; and determ ning whether an error was perfornmed by using an
equation based on the second test current i2 and a sumation of the
absolute value of the first test current it and the absolute value of the
third test current 13. 10 47. The nethod of claim 46, wherein a tine

di fference between the neasurenments of thep-first test current it and the
second test current i2 ranges from about one nanosecond to about 100

m | I'i secondsye 15 48netildifo MBLHPHAnhn Ehrdt ingéx@@rnwﬁga RlsPw fih akégﬁstquéoﬁ{p@a@ﬁg;

bet ween the measurenments of the “first tést current it and the third test
current i3 rangesapphong abomutesovatagaNo secolirdt tegl tasonterval §obetivetn sBsbnds. 49.
The net hod Oc]:,l élmgi m§16, wh rFi ncihe equation is Y = 2*abs(i(t)) -

abs(i (t-x)) ©% Sé‘f‘ ?9%%81??63\%%36 i(t) is the second test current, i(t-x)
is thesfirst t ESthaSﬁfiﬁ?tonsb&LitWKI}) al firstttBe cufrétlidla b@Dhd €4t SRRt iptandS third iche,
and x is an increnment of tinme, and abs represents an absolute function. 50.
The met hod ofuredngisnds, wherein the equation is Z = abs(i(t+x)) - abs(i(t)),
where 251 (t) is §he, SAGOMMeMESIn {rkbrrrufa%erfbr(ﬁeﬁy% dsﬁ. AL qhdlohdaldSh T Fent,
t isatime, and X I's an”increnen 0 I'me, and a & reﬂresents an absol ute
function. -53cofdtestAusystigmd Dsundedtidnml tiendsanteanhlk Wi ehedraaesn camdrit drand the
conpri si ng: gﬂﬂfﬁfl ec rocfhem' cal cell having at |east two el ectrodes and bei ng
sized and cOWPIUFLYALY ¢Idhe BEditte ey hipl e, the el ectrochenical cell further
configyred to determine an 5 initial analyte concentration and al so
configured to generate a pre-determ ned vol tage between the first and second
el ectrodes féF. a Pphemdbbéphilniedd@mberdn afimeidifitsreredefwaen hisr measurements of the

first test current iy and the second test current i; ranges from about one nanosecond to about

100 milliseconds.

15 48.  The method of claim 46, wherein a time difference between the measurements of the
first test current i and the third test current i3 ranges from about one nanosecond to about

100 milliseconds.

49.  The method of claim 46, wherein the equation is Y = 2*abs(i(t}) — abs(i(t-x)) —
20 abs(i(t+x)), where i(t) is the second test current, i(t-x) is the first test current, i(t+x) is the
third test current, t is a time, and X is an increment of time, and abs represents an absolute

function.

50.  The method of claim 46, wherein the equation is Z = abs(i(t+x)) — abs(i(t)), where
25 i(t) is the second test current, i(t+x) is the third test current, t is a time, and x is an increment

of time, and abs represents an absolute function.



configured to nmeasure at |east one resulting current of the sanple during
the pre-determned tinme; and a processor for receiving a set of data from
the el ectrochem cal cell, the data 10 including the initial analyte
concentration, at |east one applied voltage, and at |east one resulting
current, the processor further configured to utilize this data to determ ne
a corrected analyte concentration. 52. The system of claimb51l, wherein the
analyte is glucose. 15 53. The system of claim51, wherein the

el ectrochem cal cell is further configured to neasure an error source, and
t he processor utilizes the error source i.gjdeterm ning the corrected

anal yte concentration. 20 54. The system of claim53, wherein the analyte is

gl ucose and e ex Ol U ffershifly al SR OLHckntk BV confipisingie SYStem of “cl ai m

54, wherein the pro essor ut| equations 'to -—determne a
correction term daapeéasmi:ion@erminaltchﬁ hhﬂngmdeatst twd dvatodanshd betng sizediaall gl ucose

25 concentra@wﬁx -52- . A devi se, IP qlkf[ {]m n| a co rected
anal yte conc 'Ig%l‘iefjé%recﬁ'éfﬁﬁtsf“gi’]ﬁgt eﬁefté e2{cpf oplIHYY eﬁgfoﬁ ﬁ"bfo SFERHYi YN
chanbers conf j,gtibl 8ch1jte cbRERIrdRnnd AB BnFHEN toldbAdrateh r@@é‘f@n‘n‘ﬁné@vdlﬁge
communi cation with at least first and second e ectro and 5 a reagent

| ayer di sposedwesn the firsard sesped deamdeptve a Ptdﬁéewr@‘ag@rﬁtmqtmyef tiherane durgfer at
| east one coupanent, GARLONIEL L LSRGls A 11 SAERL SRSl bRliideR oSt

two vol t ages esarrp resdlts
in correspondme;ganaurrent S within the sanple which are [ nd| catl ve of an
initial analyte concentration and a corrected anal yte concentration.
a processor for receiving a set of data from the electrochemical cell, the data
10 including the initial analyte concentration, at least one applied voltage, and at least one
resulting current, the processor further configured to utilize this data to determine a

corrected analyte concentration.

52.  The system of claim 51, wherein the analyte is glucose.

15
53.  The system of claim 51, wherein the electrochemical cell is further configured to
measure an error source, and the processor utilizes the error source in determining the

corrected analyte concentration,

20 54, The system of claim 53, wherein the analyte is glucose and the error source is a

hematocrit level,

55.  The system of claim 54, wherein the processor utilizes a set of equations to
determine a correction term depending on the hematocrit level and the initial glucose

25 concentration.
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56. A device for use in determining a corrected analyte concentration, comprising:

a test strip having a sample reaction chamber configured to receive a sample such
that the sample is in communication with at least first and second electrodes; and

a reagent layer disposed on at least one electrode, the reagent layer formed of at least
one component configured to react with the sample such that at least two voltages applied to
the sample at at least two time intervals results in corresponding currents within the sample
which are indicative of an initial analyte concentration and a corrected analyte

concentration.



