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(57) Abrege/Abstract:

A biosensor has an abnormal output detection system that determines whether an output signal from the redox reaction of an
analyte has a normal or abnormal shape or configuration. The abnormal output detection system improves the accuracy and
precision of the biosensor in determining whether an output signal has a shape or configuration that may not provide an accurate
and/or precise analysis of a biological fluid. The biosensor generates an output signal in response to the redox reaction of the
analyte. The biosensor normalizes the output signal and compares the normalized output signal with one or more control limits.
The biosensor may generate an error signal when the normalized output signal is not within the control limits. The system finds

particular application in gated amperometry for glucose determination using enzyme electrodes, where the normalized signal
comprises the ratio of two current values in a given pulse.
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(57) Abstract: A biosensor has an abnormal output detection system that determines whether an output signal from the redox re-
action of an analyte has a normal or abnormal shape or configuration. The abnormal output detection system improves the accuracy
& and precision of the biosensor in determining whether an output signal has a shape or configuration that may not provide an accu-
& rate and/or precise analysis of a biological fluid. The biosensor generates an output signal in response to the redox reaction of the
e\ analyte. The biosensor normalizes the output signal and compares the normalized output signal with one or more control limits. The
biosensor may generate an error signal when the normalized output signal is not within the control limits. The system finds particular
application in gated amperometry for glucose determination using enzyme electrodes, where the normalized signal comprises the

ratio of two current values in a given pulse.
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ABNORMAL OUTPUT DETECTION SYSTEM FOR A BIOSENSOR

[001]
BACKGROUND
[002] Biosensors usually provide an analysis of a biological fluid, such

as whole blood, urine, or saliva. Typically, a biosensor analyzes a sample of
the biological fluid to determine the concentration of one or more analytes,
such as glucose, uric acid, lactate, cholesterol, or bilirubin, in the biological
fluid. The analysis is useful in the diagnosis and treatment of physiological
abnormalities. For example, a diabetic individual may use a biosensor to
determine the glucose level in blood for adjustments to diet and/or

medication.

[003] A biosensor may provide an abnormal output during the analysis
of the biological fluid. The abnormal output may be in response to an error
during the analysis of the biological fluid. The error may be from one or more
factors such as the physical characteristics of the sample, the environmental
aspects of the sample, the operating conditions of the biosensor, interfering

substances, and the like. Physical characteristics of the sample include the

hematocrit level and the like. Environmental aspects of the sample include
temperature and the like. Operating conditions of the biosensor include
underfill conditions when the sample size is not large enough, slow-filling of
the sample, intermittent electrical contact between the sample and one or
more electrodes in the biosensor, and the like. Interfering substances include
ascorbic acid, acetaminophen, and the like. There may be other factors

and/or a combination of factors that cause the error and/or abnormal output.
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[004] Biosensors may be implemented using bench-top, portable, and like
devices. The portable devices may be hand-held. Biosensors may be designed to
analyze one or more analytes and may use different volumes of biological fluids.
Some biosensors may analyze a single drop of whole blood, such as from 0.25-15
microliters (uL) in volume. Examples of portable measuring devices include the
Ascensia Breeze® and Elite® meters of Bayer Corporation; the Precision® biosensors
available from Abbott in Abbott Park, [llinois; Accucheck® biosensors available from
Roche in Indianapolis, Indiana; and OneTouch Ultra® biosensors available from
Lifescan in Milpitas, California. Examples of bench-top measuring devices include
the BAS 100B Analyzer available from BAS Instruments in West Lafayette, Indiana;
the CH Instruments’ Electrochemical Workstation available from CH Instruments in
Austin, Texas; the Cypress Electrochemical Workstation available from Cypress
Systems in Lawrence, Kansas; and the EG&G Electrochemical Instrument available

from Princeton Research Instruments in Princeton, New Jersey.

[005] Biosensors usually measure an electrical signal to determine the
analyte concentration in a sample of the biological fluid. The analyte typically
undergoes an oxidation/reduction or redox reaction when an input signal is applied
to the sample. An enzyme or similar species may be added to the sample to
enhance the redox reaction. The input signal usually is an electrical signal, such as
a current or potential. The redox reaction generates an output signal in response to
the input signal. The output signal usually is an electrical signal, such as a current
or potential, which may be measured and correlated with the concentration of the

analyte in the biological fluid.

[006] Many biosensors have a measuring device and a sensor strip.

A sample of the biological fluid is introduced into a sample chamber in the sensor
strip. The sensor strip is placed in the measuring device for analysis. The measuring
device usually has electrical contacts that connect with electrical conductors in the

sensor strip. The electrical conductors typically connect to working, counter, and/or

S
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other electrodes that extend into a sample chamber. The measuring device applies
the input signal through the electrical contacts to the electrical conductors in the
sensor strip. The electrical conductors convey the input signal through the
electrodes into a sample deposited in the sample chamber. The redox reaction of
the analyte generates an output signal in response to the input signal. The
measuring device determines the analyte concentration in response to the output

signal.

[007] The sensor strip may include reagents that react with the analyte in the
sample of biological fluid. The reagents may include an ionizing agent for
facilitating the redox of the analyte, as well as mediators or other substances that
assist in transferring electrons between the analyte and the conductor. The ionizing
agent may be an analyte specific enzyme, such as glucose oxidase or glucose
dehydrogenase, which catalyzes the oxidation of glucose in a whole blood sample.

The reagents may include a binder that holds the enzyme and mediator together.

[008] Many biosensors include one or more error detection systems to
prevent or screen out analyses associated with an error. The concentration values
obtained from an analysis with an error may be inaccurate. The ability to prevent or
screen out these inaccurate analyses may increase the accuracy of the concentration
values obtained. The error detection system may detect and compensate for an
error such as a sample temperature that is different from a reference temperature.
The error detection system may detect and stop the analysis of the biological fluid in

response to an error such as an underfill condition.

[009] Some biosensors have an error detection system that detects and
compensates for the sample temperature. Such error detection systems typically
compensate the analyte concentration for a particular reference temperature in
response to the sample temperature. A number of biosensor systems compensate for
temperature by changing the output signal prior to calculating the analyte

concentration from a correlation equation. Other biosensor systems compensate for

_3
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temperature by changing the analyte concentration calculated by the correlation
equation. Biosensor systems having an error detection system for the sample
temperature are described in U.S. Pat. Nos. 4,431,004; 4,750,496; 5,366,609:
5,395,504; 5,508,171; 6,391,645; and 6,576,117.

(0010} Some biosensors have an error detection system that detects whether
an underfill condition exists. Such error detection systems typically prevent or
screen out analyses associated with sample sizes that are of insufficient volume.

A number of underfill detection systems have one or more indicator electrodes that
detect the partial and/or complete filling of a sample chamber within a sensor strip.
Some underfill detection systems have a third electrode in addition to counter and
working electrodes used to apply an input signal to a sample of the biological fluid.
Other underfill detection systems use a sub-element of the counter electrode to
determine whether the sensor strip is underfilled. Biosensor systems having an error
detection system for underfill conditions are described in US Patent Nos. 5,582,697
and 6,531,040.

[0011] While error detection systems balance various advantages and
disadvantages, none are ideal. These systems usually are directed to detect and
respond to a particular type of error. However, these systems typically do not assess
or determine whether the output signal from the biosensor is a normal or abnormal
response from the analysis of the biological fluid. Consequently, the biosensor may
provide an inaccurate analysis when an error detection system does not detect an
error. Additionally, the biosensor may provide an inaccurate analysis when an error
detection system does not detect an error from a combination of factors that

individually would not cause an error.

[0012] Accordingly, there is an ongoing need for improved biosensors,
especially those that may provide increasingly accurate and/or precise detection of

abnormal output signals from a biosensor. The systems, devices, and methods of
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the present invention overcome at least one of the disadvantages associated with

conventional biosensors.

SUMMARY

[0013] The present invention provides a biosensor with an abnormal output
detection system that determines whether an output signal from the redox reaction
of an analyte has a normal or abnormal shape or configuration. An output signal
with a normal shape or configuration may provide an accurate and/or precise
analysis of a biological fluid. An output signal with an abnormal shape or
configuration may not provide an accurate and/or precise analysis of a biological
fluid. The biosensor generates an output signal in response to the redox reaction of
the analyte. The biosensor measures and normalizes the output signal. The
biosensor compares the normalized output signal with one or more control limits
and generates an error signal when the normalized output signal is not within the

control limits.

[0014] A method for detecting abnormal output in a biosensor includes
normalizing an output signal from a redox reaction of analyte in a sample of a
biological fluid, comparing a normalized output signal to at least one control limit,
and generating an error signal when the normalized output signal is not within the at
least one control limit. The method also may include determining a difference
between at least one base output value and at least one measured output value of
the output signal. The output signal may be responsive to a pulsed sequence, and
the at least one base output value may be a measured output value of the output
signal. The method also may include dividing at least one output value in a pulse of
the output signal by the first output value in the pulse of the output signal, and the
output signal may be responsive to a gated amperometry electrochemical system.
The method also may include determining the at least one control limit from a

statistical analysis of laboratory results.
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[0015] The method may include generating the output signal in response to a
pulsed sequence, and the pulsed sequence may comprise at least five pulses. The

normalized current value of the fourth pulse, R4, may be represented by the

. 45 L . . L
equation R, =——, where is1is the first current value in the fourth pulse and issis

Ly
the last current value in the fourth pulse. R4 may be greater than or equal to 0.45,

and R4 may be less than or equal to 0.85. The normalized current value of the fifth

;
pulse, Rs, may be represented by the equation R. ===, where is,1 is the first current
L5 1

value in the fifth pulse and iss is the last current value in the fifth pulse. Rs may be
greater than or equal to 0.45, and Rs may be less than or equal to 0.85. The ratio of

the normalized current value of the fourth pulse to the normalized current value of

lyg *1s ..
——  where is,11is the

lg1 *lsg

the fifth pulse may be represented by the equation Ratio =

first current value in the fourth pulse, issis the last current value in the fourth pulse,
is1is the first current value in the fifth pulse, and iss is the last current value in the
fifth pulse. The ratio of the normalized current value of the fourth pulse to the
normalized current value of the fifth pulse may be greater than or equal to 0.75 and

less than or equal to 1.2.

[0016] Another method for detecting abnormal output in a biosensor includes
generating an output signal in response to a redox reaction of an analyte in a sample
of a biological fluid, measuring the output signal, normalizing the output signal,
comparing a normalized output signal to at least one control limit, and generating
an error signal when the normalized output signal is not within the at least one
control limit. The method may include applying an input signal to the sample of the
biological fluid. The method may include measuring the output signal intermittently
and at least eight current values may be measured in at least one pulse of the output
signal. The method may include dividing at least one output value in a pulse of the

output signal by the first output value in the pulse of the output signal. The method
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may include determining the at least one control limit from a statistical analysis of

laboratory results.

[0017] The output signal may include at least five pulses where the
normalized current value of the fourth pulse, R4, is represented by the equation

;
R, =—=, where is1 is the first current value in the fourth pulse and iszs is the last
Lay

current value in the fourth pulse. The normalized current value of the fifth pulse, Rs,

;
may be represented by the equation R, ===, where is, is the first current value in
Is 1

the fifth pulse and issis the last current value in the fifth pulse. The ratio of the

normalized current value of the fourth pulse to the normalized current value of the

Iyg ¥ 15 . :
——— _where is1is the first

g1 Flsg

fifth pulse may be represented by the equation Ratio =

current value in the fourth pulse, iss is the last current value in the fourth pulse, i5,1is

the first current value in the fifth pulse, and issis the last current value in the fifth

pulse.

[0018] The input signal may include a pulsed sequence, may be responsive to
a gated amperometry electrochemical system, and/or may include a polling input
signal and an assay input signal. The polling input signal may have a polling pulse
width of less than about 300 ms, and the polling input signal may have a polling
pulse interval of less than about 1 sec. The polling input signal may have a polling
pulse width in the range of about 0.5 ms through about 75 ms and a polling pulse
interval in the range of about 5 ms through about 300 ms. The assay input signal
may have an assay pulse width of less than about 5 sec and an assay pulse interval
of less than about 15 sec. The assay input signal also may have an assay pulse
width in the range of about 0.1 sec through about 3 sec and an assay pulse interval

in the range of about 0.2 sec through about 6 sec.
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[0019] When the input signal comprises a polling input signal and an assay
input signal, the method may include applying the polling input signal during a
polling period, where the polling period is less than about 180 sec, and applying the
assay input signal during an assay period, where the assay period is less than about
180 sec. When the input signal comprises a polling input signal and an assay input
signal, the method may include applying the polling input signal during a polling
period, where the polling period is in the range of about 0.1 sec through about 10
sec and applying the assay input signal during an assay period, where the assay

period is in the range of about 1 sec through about 100 sec.

[0020] When the input signal comprises a polling input signal and an assay
input signal, the method may include applying a polling input signal to the sample
for about 1.25 sec, where the polling input signal has a polling pulse width of about
5 — 10 ms and a polling pulse interval of about 125 ms, and applying an assay input
signal to the sample for about 7 sec, where the assay input signal has an assay pulse
width of about 1 sec and an assay pulse interval of about 1.5 sec. The polling input
signal may have a potential of about 400 mV, the assay input signal may have a first
pulse with a potential of about 400 mV, and the assay input signal may have at least
one other pulse with a potential of about 200 mV. The assay input signal may be
applied when a polling output signal is greater than or equal to a polling threshold,

and the polling threshold may be about 250 nA.

[0021] A biosensor, for determining an analyte concentration in a biological
fluid, includes a sensor strip having a sample interface on a base, where the sample
interface is adjacent to a reservoir formed by the base, a measuring device having a
processor connected to a sensor interface, where the sensor interface has electrical
communication with the sample interface, the processor normalizes an output signal
from a redox reaction of an analyte in a sample of a biological fluid, the processor
compares a normalized output signal to at least one control limit, and the processor

generates an error signal when the normalized output signal is not within the at least

_8 -
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one control limit. The processor may determine a difference between at least one
base output value and at least one measured output value of the output signal and/or
may divide at least one output value in a pulse of the output signal by the first
output value in the pulse of the output signal. The at least one control limit may be

predetermined from a statistical analysis of laboratory results.

[0022] The processor may apply an input signal to the sample of the
biological fluid, where the input signal comprises a polling input signal and an assay
input signal. The polling input signal may have a polling pulse width of less than
about 300 ms and a polling pulse interval of less than about 1 sec. The assay input
signal may have an assay pulse width of less than about 5 sec and an assay pulse
interval of less than about 15 sec. The processor may apply the polling input signal
during a polling period of less than about 180 sec and may apply the assay input
signal during an assay period of less than about 180 sec. The processor may apply
the polling input signal during a polling period in the range of about 0.1 sec through
about 10 sec and may apply the assay input signal during an assay period in the
range of about 1 sec through about 100 sec. The processor may apply a polling
input signal to the sample for about 1.25 sec, where the polling input signal has a
polling pulse width of about 5 — 10 ms, a polling pulse interval of about 125 ms,
and a potential of about 400 mV. The processor may apply an assay input signal to
the sample for about 7 sec, where the assay input signal has an assay pulse width of
about 1 sec, an assay pulse interval of about 1.5 sec, a first pulse with a potential of
about 400 mV, and at least one other pulse with a potential of about 200 mV. The
processor may apply the assay input signal when a polling output signal is greater

than or equal to a polling threshold of about 250 nA.

[0023] The output signal of the biosensor may include at least five pulses and
the normalized current value of the fourth pulse, R4, may be represented by the
;
equation R, =—=, where is1is the first current value in the fourth pulse and iss is
Laq
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the last current value in the fourth pulse. The normalized current value of the fifth

. ! L .
pulse, Rs, may be represented by the equation R, ===, where is,1 is the first current
L5

value in the fifth pulse and iss is the last current value in the fifth pulse. The ratio of
the normalized current value of the fourth pulse to the normalized current value of
104,8 * 1

1 ..
——— where is,1is the
Ly ®lsg

the fifth pulse may be represented by the equation Ratio =

first current value in the fourth pulse, iss is the last current value in the fourth pulse,
i51is the first current value in the fifth pulse, and iss is the last current value in the

fifth pulse.

[0024] The processor of the biosensor may measure the output signal. The
processor may measure the output signal intermittently. The output signal may be
responsive to a pulsed sequence. The output signal may be responsive to a gated

amperometry electrochemical system.
BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention may be better understood with reference to the
following drawings and description. The components in the figures are not
necessarily to scale, emphasis instead being placed upon illustrating the principles
of the invention. Moreover, in the figures, like referenced numerals designate

corresponding parts throughout the different views.

[0026] FIG. 1 represents a method for detecting an abnormal output signal in
a biosensor.
[0027] FIG. 2 is a graph illustrating the output signals in relation to the input

signals for an electrochemical system using gated amperometry.

[0028] FIG. 3 depicts a schematic representation of a biosensor with an

abnormal output signal detection system.

_ 10 -
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DETAILED DESCRIPTION

[0029] The present invention provides an abnormal output detection system
for a biosensor. The abnormal output detection system improves the accuracy and
precision of the biosensor in determining whether an output signal has a shape or
configuration that may not provide an accurate and/or precise analysis of a
biological fluid. The biosensor generates an output signal in response to a redox
reaction of the analyte. The output signal may be measured and correlated to the
concentration of an analyte in the biological fluid. The biosensor normalizes the
output signal and compares the normalized output signal with one or more control
limits. The biosensor generates an error signal when the normalized output signal is
not within the control [imits. The abnormal output detection system may be used
separately or along with other error detection systems. The biosensor may be
utilized to determine one or more analyte concentrations, such as glucose, uric acid,
lactate, cholesterol, bilirubin, or the like, in a biological fluid, such as whole blood,

urine, saliva, or the like.

[0030] FIG. 1 represents a method for detecting an abnormal output from a
biosensor. A normal output signal has a shape or configuration that may provide an
accurate and/or precise analysis of a biological fluid. An abnormal output signal has
a shape or configuration that may not provide an accurate and/or precise analysis of
a biological fluid. In 102, the biosensor generates an output signal in response to a
redox reaction of an analyte in a sample of a biological fluid. In 104, the biosensor
measures the output signal. [n 106, the biosensor normalizes the output signal.

In 108, the biosensor compares the normalized output signal to one or more control
limits. In 110, the biosensor generates an error signal when a normalized output

signal is not within the control limits.

[0031] In 102 of FIG. 1, the biosensor generates an output signal in response

to an oxidation/reduction or redox reaction of an analyte in a sample of a biological

-11 -
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fluid. The output signal may be generated using an optical sensor system, an

electrochemical sensor system, or the like.

[0032] Optical sensor systems generally measure the amount of light absorbed
or generated by the reaction of a chemical indicator with the analyte redox reaction.
An enzyme may be included with the chemical indicator to enhance the reaction

kinetics. The output signal or light from an optical system may be converted into an

electrical signal such as current or potential.

[0033] In light-absorption optical systems, the chemical indicator produces a
reaction product that absorbs light. A chemical indicator such as tetrazolium along
with an enzyme such as diaphorase may be used. Tetrazolium usually forms
formazan (a chromagen) in response to the redox reaction of the analyte. An
incident input beam from a light source is directed toward the sample. The light
source may be a laser, a light emitting diode, or the like. The incident beam may
have a wavelength selected for absorption by the reaction product. As the incident
beam passes through the sample, the reaction product absorbs a portion of the
incident beam, thus attenuating or reducing the intensity of the incident beam. The
incident beam may be reflected back from or transmitted through the sample to a
detector. The detector collects and measures the attenuated incident beam (output
signal). The amount of light attenuated by the reaction product is an indication of

the analyte concentration in the sample.

[0034] In light-generated optical systems, the chemical detector fluoresces or
emits light in response to the analyte redox reaction. A detector collects and
measures the generated light (output signal). The amount of light produced by the

chemical indicator is an indication of the analyte concentration in the sample.

[0035] Electrochemical systems apply an input signal to the sample of the
biological fluid. The input signal may be a potential or current and may be

constant, variable, or a combination thereof such as when an AC signal is applied

-1 -
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with a DC signal offset. The input signal may be applied as a single pulse or in
multiple pulses, sequences, or cycles. The analyte undergoes a redox reaction when
the input signal is applied to the sample. An enzyme or similar species may be used
to enhance the redox reaction of the analyte. A mediator may be used to maintain
the oxidation state of the enzyme. The redox reaction generates the output signal
that may be measured constantly or periodically during transient and/or steady-state
output. Various electrochemical processes may be used such as amperometry,
coulometry, voltammetry, or the like. Gated amperometry and gated voltammetry

also may be used.

[0036] In amperometry, a potential or voltage is applied to a sample of the
biological fluid. The redox reaction of the analyte generates a current in response to
the potential. The current is measured over time to quantify the analyte in the
sample. Amperometry generally measures the rate at which the analyte is oxidized
or reduced to determine the analyte concentration in the sample. Biosensor systems
using amperometry are described in U.S. Pat. Nos. 5,620,579; 5,653,863;
6,153,069: and 6,413,411,

[0037] In coulometry, a potential is applied to a sample of the biological fluid
to exhaustively oxidize or reduce the analyte within the sample. The potential
generates a current that is integrated over the time of oxidation/reduction to produce
an electrical charge representing the analyte concentration. Coulometry generally
captures the total amount of analyte within the sample. A biosensor system using

coulometry for whole blood glucose measurement is described in U.S. Pat. No.

6,120,676.

[0038] In voltammetry, a varying potential is applied to a sample of biological
fluid. The redox reaction of the analyte generates current in response to the applied
potential. The current is measured over time to quantify the analyte in the sample.
Voltammetry generally measures the rate at which the analyte is oxidized or

reduced to determine the analyte concentration in the sample. Additional
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information about voltammetry may be found in “Electrochemical Methods:

Fundamentals and Applications™ by A.J. Bard and L.R. Faulkner, 1980.

[0039] In gated amperometry and gated voltammetry, pulsed inputs are used as
described in US Provisional Patent Application Nos. 60/700,787, filed July 20, 2003, and
60/722,584, tiled September 30, 20035, respectively.

[0040] FIG. 2 1s a graph illustrating the output signals in relation to the input
signals for an electrochemical system using gated amperometry. The input signals are
potentials applied to the sample of the biological fluid. The input signals include a
polling input signal and an assay input signal. The output signals are currents generated
from the sample. The output signals include a polling output signal and an assay output
signal. The sample generates the assay output signal from the redox reaction of glucose
1n whole blood 1n response to the assay input signal. The input and output signals may
be for a biosensor having working and counter electrodes. Other biosensors may be used
including those with additional electrodes and different configurations. Other analyte
concentrations may be measured including those in other biological fluids. Other output

signals may be generated including those that decline initially and those that decline in

all pulses.

[0041] The assay output signal in FIG. 2 has a normal shape or configuration.
The current values in the first pulse increase from the first to the last current value. The
current values in the second through the fifth pulses decrease or decay from the first to
last current value in each pulse. An abnormal shape or configuration includes current

values that increase in any of the second through the fifth pulses. An abnormal shape or
configuration includes current values that decrease or decay too rapidly (a steeper slope)

or too slowly (a flatter slope). Other abnormal shapes and configurations may occur.
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[0042] In use, a sample of the biological fluid is deposited in the biosensor.
The biosensor applies a polling signal to the sample from about -1.25 seconds
through about O seconds. The pulses have a pulse width of about 5 — 10 ms and a
pulse interval of about 125 ms. The biosensor generates a polling output signal in
response to the polling input signal. The biosensor measures the polling output
signal. The biosensor may have a potentiostat that provides the polling output signal

to the input of an analog comparator.

004 3] When the polling output signal is equal to or greater than a polling
threshold, the biosensor applies the assay input signal to the electrodes from about O
seconds through about 7 seconds. The polling threshold valve may be about

250 nA. The comparator may compare the polling output signal to the polling
threshold value. When the polling output signal exceeds the polling threshold
value, the output signal of the comparator may trigger the launch of the assay input

signal.

[0044] During the assay input signal, the biosensor applies a first pulse having
a potential of about 400 mV for about 1 sec to the working and counter electrodes.
The first pulse is followed by a 0.5 sec relaxation, which may be an essentially open
circuit or the like. The assay output signal or current within the first pulse is
measured and stored in a memory device. The biosensor may apply a second pulse
to the working and counter electrodes at about 200 mV for about 1 sec. The assay
output signal or current within the second pulse is measured and stored in a
memory device. The biosensor continues applying pulses from the assay input
signal to the working and counter electrodes until the end of the assay period or for
as long as desired by the biosensor. The assay period may be about 7 seconds. The

biosensor may measure and store assay output signal or current within each pulse.

[0045] The polling input signal is an electrical signal, such as current or
potential, that pulses or turns on and off at a set frequency or interval. The sample

generates a polling output signal in response to the polling input signal. The polling
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output signal is an electrical signal, such as current or potential. The biosensor may
show the polling output signal on a display and/or may store the assay output signal
in a memory device. The biosensor may apply the polling signal to detect when a
sample connects with the electrodes. The biosensor may use other methods and

devices to detect when a sample is available for analysis.

[0046] The polling input signal is a sequence of polling pulses separated by
polling relaxations. During a polling pulse, the electrical signal is on. During a
polling relaxation, the electrical signal is off. On may include time periods when an
electrical signal is present. Off may include time periods when an electrical signal is
not present. Off may not include time periods when an electrical signal is present
but has essentially no amplitude. The electrical signal may switch between on and
off by closing and opening an electrical circuit, respectively. The electrical circuit

may be opened and closed mechanically, electrically, or the like.

[0047] A polling input signal may have one or more polling pulse intervals.
A polling pulse interval is the sum of a polling pulse and a polling relaxation. Each
polling pulse has an amplitude and a polling pulse width. The amplitude indicates
the intensity of the potential, the current, or the like of the electrical signal. The
amplitude may vary or be a constant during the polling pulse. The polling pulse
width is the time duration of a polling pulse. The polling pulse widths in a polling
input signal may vary or be essentially the same. Each polling relaxation has a
polling relaxation width, which is the time duration of a polling relaxation. The

polling relaxation widths in a polling input signal may vary or be essentially the

sdme.

[0048] The polling input signal may have a polling pulse width of less than
about 300 milliseconds (ms) and a polling pulse interval of less than about 1 sec.
The polling input signal may have a polling pulse width of less than about 100 ms
and a polling pulse interval of less than about 500 ms. The polling input signal may

have a polling pulse width in the range of about 0.5 ms through about 75 ms and a
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polling pulse interval in the range of about 5 ms through about 300 ms. The polling
input signal may have a polling pulse width in the range of about 1 ms through
about 50 ms and a polling pulse interval in the range of about 10 ms through about
250 ms. The polling input signal may have a polling pulse width of about 5 ms and
a polling pulse interval of about 125 ms. The polling input signal may have other

pulse widths and pulse intervals.

[0049] The biosensor may apply the polling input signal to the sample during
a polling period. The polling period may be less than about 15 minutes, 5 minutes,
2 minutes, or 1 minute. The polling period may be longer depending upon how a
user uses the biosensor. The polling period may be in the range of about 0.5 second
(sec) through about 15 minutes. The polling period may be in the range of about 5
sec through about 5 minutes. The polling period may be in the range of about 10
sec through about 2 minutes. The polling period may be in the range of about 20
sec through about 60 sec. The polling period may be in the range of about 30
through about 40 sec. The polling period may have less than about 200, 100, 50, or
25 pulse intervals. The polling period may have from about 2 through about 150
pulse intervals. The polling period may have from about 5 through about 50 pulse
intervals. The polling period may have from about 5 through about 15 pulse
intervals. The polling period may have about 10 pulse intervals. Other polling

periods may be used.

[0050] The biosensor applies the assay input signal when the polling output
signal is equal to or greater than a polling threshold. The polling threshold may be
greater than about 5 percent (%) of the expected assay input signal at the beginning
of the first pulse. The polling threshold may be greater than about 15% of the
expected assay input signal at the beginning of the first pulse. The polling threshold
may be in the range of about 5 percent (%) through about 50% of the expected
assay input signal at the beginning of the first pulse. Other polling thresholds may
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be used. The biosensor may indicate the polling output signal is equal to or greater

than the polling threshold on a display.

[0051] The assay input signal is an electrical signal, such as current or
potential, that pulses or turns on and off at a set frequency or interval. The sample
generates an assay output signal in response to the assay input signal. The assay

output signal is an electrical signal, such as current or potential.

[0052] The assay input signal is a sequence of assay pulses separated by assay
relaxations. During an assay pulse, the electrical signal is on. During an assay
relaxation, the electrical signal is off. On includes time periods when an electrical
signal is present. Off includes time periods when an electrical signal is not present
and does not include time periods when an electrical signal is present but has
essentially no amplitude. The electrical signal switches between on and off by
closing and opening an electrical circuit, respectively. The electrical circuit may be

opened and closed mechanically, electrically, or the like.

[0053] An assay input signal may have one or more assay pulse intervals.

An assay pulse interval is the sum of an assay pulse and an assay relaxation. Each
assay pulse has an amplitude and an assay pulse width. The amplitude indicates the
intensity of the potential, the current, or the like of the electrical signal. The
amplitude may vary or be a constant during the assay pulse. The assay pulse width
is the time duration of an assay pulse. The assay pulse widths in an assay input
signal may vary or be essentially the same. Each assay relaxation has an assay
relaxation width, which is the time duration of an assay relaxation. The assay

relaxation widths in an assay input signal may vary or be essentially the same.

[0054] The assay input signal may have an assay pulse width of less than
about 5 sec and an assay pulse interval of less than about 15 sec. The assay input
signal may have an assay pulse width of less than about 3, 2, 1.5, or 1 sec and an

assay pulse interval of less than about 13, 7, 4, 3, 2.5, or 1.5 sec. The assay input
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signal may have an assay pulse width in the range of about 0.1 sec through about

3 sec and an assay pulse interval in the range of about 0.2 sec through about 6 sec.
The assay input signal may have an assay pulse width in the range of about 0.1 sec
through about 2 sec and an assay pulse interval in the range of about 0.2 sec
through about 4 sec. The assay input signal may have an assay pulse width in the
range of about 0.1 sec through about 1.5 sec and an assay pulse interval in the range
of about 0.2 sec through about 3.5 sec. The assay input signal may have an assay
pulse width in the range of about 0.4 sec through about 1.2 sec and an assay pulse
interval in the range of about 0.6 sec through about 3.7 sec. The assay input signal
may have an assay pulse width in the range of about 0.5 sec through about 1.5 sec
and an assay pulse interval in the range of about 0.75 sec through about 2.0 sec.
The assay input signal may have an assay pulse width of about 1 sec and an assay
pulse interval of about 1.5 sec. The assay input signal may have other pulse widths

and pulse intervals.

[0055] The biosensor applies the assay input signal to the sample during an
assay period. The assay period may have the same or a different duration than the
polling period. The assay period of the assay input signal may be less than about
180, 120, 90, 60, 30, 15, 10, or 5 sec. The assay period may be in the range of
about 1 sec through about 100 sec. The assay period may be in the range of about
1 sec through about 25 sec. The assay period may be in the range of about 1 sec
through about 10 sec. The assay period may be in the range of about 2 sec through
about 3 sec. The assay period may be about 2.5 sec. The assay period may have
less than about 50, 25, 20, 15, 10, 8, 6, or 4 assay pulse intervals. The assay period
may have assay pulse intervals in the range of about 2 through about 50. The assay
period may have assay pulse intervals in the range of about 2 through about 25.
The assay period may have assay pulse intervals in the range of about 2 through
about 15. The assay period may have about 10 assay pulse intervals. Other assay

periods may be used.
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[0056] In 104 of FIG. 1, the biosensor measures the output signal generated
by the redox reaction of the analyte in the sample. The biosensor may measure the
output signal continuously or intermittently. For example, the biosensor measured
the assay output signal intermittently during each pulse in FIG. 2, resulting in eight
current values during each pulse. The sample generates the assay output signal in
response to the redox reaction of the analyte in the biological fluid and the assay
input signal. The biosensor may show the assay output signal on a display and/or
may store assay output signal in a memory device. The biosensor may determine

the concentration of the analyte in the sample from the output signal.

[0057] In 106 of FIG. 1, the biosensor normalizes the assay output signal. The
normalized output signal may improve the comparison of assay output signals
having different magnitudes due the amount of analyte in the sample of biological
fluid. Generally, a larger amount of analyte in the sample generates a higher
magnitude output signal than a smaller amount of analyte. The normalized output
signal also may improve the mathematical evaluation of an output signal's shape or
configuration to determine whether the output signal is normal or abnormal. The
normalized output signal may permit the same control limits to be used on wider

ranges of glucose and hematocrit levels.

[0058] To normalize the assay output signal, the biosensor determines the
differences between one or more base output values and the measured output
values of the assay output signal. The differences may be the arithmetic differences
between the base and assay output values. The differences may be the ratios of the
base and assay output signals. Other differences may be used. The base output
values may be selected or predetermined from a statistical analysis of laboratory
results. The base output values may be one or more of the measured output values
of the assay output signal. A single base output value may be used for the assay
output signal. Multiple base output values may be used such as a different base

output value for each pulse in the assay output signal.
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[0059] In a pulsed sequence such as gated amperometry or gated
voltammetry, the assay output values may be normalized by dividing all the output
values in a pulse by the first output value in the pulse. Other output values in each
pulse may be the base output value. [n a single pulse or similar sequence, the assay
output values may be normalized by dividing all the output values in a pulse by the

first or another output value. Other normalization methods may be used.

(0060} Table | shows the first and last current values for the pulses from the
gate amperometry sequence of FIG. 2. The normalized current values are the ratios
of the measured current values to the base current values. The base current values
are the first current values in each pulse. The normalized current values show
mathematically that the shape or configuration of the output signal increases from
the first to the last current value in the first pulse. The normalized current values

show mathematically that the shape or configuration of the output signal decreases

from the first to the last current value in the first pulse.

[0061]
Measured Base Current Normalized Current
Current Value Value Value (Measured/Base)

Pulse 1, First Current Value (i1,1) 2,500 nA 2,500 nA 1.0
Pulse 1, Last Current Value (i1,8) 10,000 nA 2,500 nA 4.0
Pulse 2, First Current Value (iz,1) 21,000 nA 21,000 nA 1.0
Pulse 2, Last Current Value (i2,s) 18,000 nA 21,000 nA 0.86
Pulse 3, First Current Value (i3,1) 22,000 nA 22,000 nA 1.0
Pulse 3, Last Current Value (i3,s) 17,000 nA 22,000 nA 0.77
Pulse 4, First Current Value (is,1) 24,000 nA 24,000 nA 1.0
Pulse 4, Last Current Value (is,s) 15,000 nA 24,000 nA 0.63
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Pulse 5, First Current Value (is,1) 20,000 nA 20,000 nA 1.0
Pulse 5, Last Current Value (is,s) 14,000 nA 20,000 nA 0.70
Table I
[0062] In 108 of FIG. 1, the biosensor compares the normalized output signal

with one or more control limits. The control [imits are mathematical representations
of thresholds where the shape or configuration of the output signal transitions from
normal to abnormal. Control limits may be selected or predetermined for
application to all or particular portions of the output signal. A particular portion of
the output signal includes one or more pulses, one or more output values in each
pulse or a particular pulse, and the like. Different control limits may be used for
different portions of the output signal. Different control limits may be used for
different ranges of glucose, hematocrit, and the like. Control limits may be selected
or predetermined for application to the normalized output signal of a particular
output signal value in a particular pulse. Control limits may be selected or
predetermined for application to the mathematical relationship between output
signal values in different pulses. The control l[imits may be selected to further define
a desired shape or configuration of output signal. The control limits may be
predetermined from a statistical or similar analysis of laboratory results. Other

control limits may be used.

[0063] In the assay output signal of FIG. 2, control limits were selected or
predetermined for the normalized current value of the last pulse in the fourth pulse
(R4), the normalized current value of the last pulse in the fifth pulse (Rs), and the
ratio of R4 to Rs (Ratio). While control limits for the fourth and fifth pulses were
used, other control limits could be used including those for the fourth and fifth

pulses and those for other pulses in the assay output signal.
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[0064] The normalized current value of the last pulse in the fourth pulse (R4)

may be represented by the following equation:

[0065] R, = 43 (1)
La)
[0066] Substituting the values from Table [ into equation (1), vields:
[0067] R, = 29904 _ o
24.000nA4
[0068] The normalized current value of the last pulse in the fifth pulse (Rs),

may be represented by the following equation:

[0069] R, = =3 2)
L5
[0070] Substituting the values from Table [ into equation (2), vields:
[0071] R, = 2000md _, 44
20,000nA4
[0072] The ratio of the normalized current value of the last pulse in the fourth

pulse (R4) to the normalized current value of the last pulse in the fifth pulse (Rs), may

be represented by the following equation:

[0073] Ratio = X = 104’8 / 1.4’1 (3)
Ry I /15,1
[0074] Simplifying equation (3), yields:
L gy ¥
[0075] Ratio = —— (4)
la1 " lsg
[0076] Substituting the values from Table [ into equation (4), vields:
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|0077] Ratio = 15,000n4 * 20,0004 =0.89
24.000n4 %14,000nA4
[0078] The control limits for R4, R5, and Ratio are shown in Table Il. R4, Rs,

and Ratio are within the applicable control limits indicating the assay output signal

of FIG. 2 has a normal shape or configuration. Other control limits may be used.

[0079]

R5max Rs maximum limit
Ratiomin | Ratio minimum limit
Ratiomax | Ratio maximum limit

Table Il

0080} The control limits were selected on the basis of normalized current
readings from more than 9,000 blood samples. The blood samples each were
introduced to newly prepared or aged sensor strips disposed in a measuring device.
Current readings were obtained from the strips at sample temperatures from about
10 °C to about 40 °C. The blood samples had glucose concentrations from about
10 mg/dL to about 600 mg/dL and hematocrit concentrations from about 20% to
about 55%. The normalized current values from each analysis were separated into
known good and bad values on the basis of the underlying current profile. The
control limits were selected to include acceptable variation about the mean of the

good values using standard statistical techniques.

[0081] In 110 of FIG. 1, the biosensor generates an error signal in response to
a normalized output signal that is not within the control limits. The error signal may

be shown on a display device and/or retained in a memory device. The biosensor
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may provide the error signal during or after the analysis of one or more analytes in
the sample is performed. The biosensor may provide the error signal immediately
after detection and may stop the analysis of the analyte. The biosensor may not

provide the concentration of the analyte in response to the error signal.

[0082] FIG. 3 depicts a schematic representation of a biosensor 300 with an
abnormal output detection system. The biosensor 300 determines an analyte
concentration in a sample of a biological fluid. The abnormal output detection
system indicates when the shape or configuration of the output signal may provide
an inaccurate and/or imprecise analysis of one or more analytes as previously
discussed. The biosensor 300 includes a sensor strip 304 and a measuring device
302, which may be implemented as a bench-top device, a portable or hand-held
device, or the like. The measuring device 302 and the sensor strip 304 may be
adapted to implement an electrochemical sensor system, an optical sensor system, a
combination thereof, or the like. The abnormal output detection system may
improve the accuracy and/or precision of the biosensor 300 in determining when an
abnormal output signal occurs. The biosensor 300 may be utilized to determine
one or more analyte concentrations, such as glucose, uric acid, lactate, cholesterol,
bilirubin, or the like, in a biological fluid, such as whole blood, urine, saliva, or the
like. While a particular configuration is shown, the biosensor 300 may have other

configurations, including those with additional components.

[0083] The sensor strip 304 has a base 306 that forms a reservoir 308 and a
channel 310 with an opening 312. The reservoir 308 and channel 310 may be
covered by a lid with a vent. The reservoir 308 defines a partially-enclosed volume
(the cap-gap). The reservoir 308 may contain a composition that assists in retaining
a liquid sample, such as water-swellable polymers or porous polymer matrices.
Reagents may be deposited in the reservoir 308 and/or the channel 310. The
reagents may include one or more enzymes, mediators, binders, and other active or

non-reactive species. The reagents may include a chemical indicator for an optical
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system. The sensor strip 304 also may have a sample interface 314 disposed
adjacent to the reservoir 308. The sample interface 314 may partially or completely

surround the reservoir 308. The sensor strip 304 may have other configurations.

[0084] The sample interface 314 has conductors connected to a working
electrode and a counter electrode. The electrodes may be substantially in the same
plane. The electrodes may be separated by greater than 200 or 250 yum and may be
separated from the lid by at least 100 ym. The electrodes may be disposed on a
surface of the base 306 that forms the reservoir 308. The electrodes may extend or
project into the cap-gap formed by the reservoir 308. A dielectric layer may
partially cover the conductors and/or the electrodes. The sample interface 314 may
have other electrodes and conductors. The sample interface 314 may have one or
more optical portals or apertures for viewing the sample. The sample interface 314

may have other components and configurations.

[0085] The measuring device 302 includes electrical circuitry 316 connected
to a sensor interface 318 and a display 320. The electrical circuitry 316 includes a
processor 322 connected to a signal generator 324, and a storage medium 328. The

measuring device may have other components and configurations.

[0086] The signal generator 324 provides electrical input signals to the sensor
interface 318 in response to the processor 322. The electrical input signals may
include the polling and assay input signals used in an electrochemical sensor
system. The electrical input signals may include electrical signals used to operate or
control a detector and light source in the sensor interface 318 for an optical sensor
system. The electrical input signals may be transmitted by the sensor interface 318
to the sample interface 314. The electrical input signals may be a potential or
current and may be constant, variable, or a combination thereof, such as when an
AC signal is applied with a DC signal offset. The electrical input signals may be

applied as a single pulse or in multiple pulses, sequences, or cycles. The signal
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generator 324 also may record signals received from the sensor interface 318 as a

generator-recorder.

[0087] The storage medium 328 may be a magnetic, optical, or
semiconductor memory, another computer readable storage device, or the like.
The storage medium 328 may be a fixed memory device or a removable memory

device such as a memory card.

|0088] The processor 322 implements the abnormal output detection, analyte
analysis, and data treatment using computer readable software code and data stored
in the storage medium 328. The processor 322 may start the abnormal output
detection and analyte analysis in response to the presence of the sensor strip 304 at
the sensor interface 318, the application of a sample to the sensor strip 304, user
input, or the like. The processor 322 directs the signal generator 324 to provide the

electrical input signals to the sensor interface 318.

[0089] The processor 322 receives and measures output signals from the
sensor interface 318. The output signals may be electrical signals, such as current or
potential, or light. The output signals may include polling and assay output signals.
The output signals may include an assay output signal generated in response to the
redox reaction of the analyte in the sample. The output signal may be generated
using an optical system, an electrochemical system, or the like. The processor 322
may compare the polling output signals to one or more polling thresholds. The
processor 322 may measure and correlate the assay output signal with the
concentration of the analyte in the sample. The processor 322 may normalize the
assay output signal and compare the normalized signal to one or more control limits

as previously discussed.

[0090] The processor 322 provides an error signal of an abnormal output
when the normalized output signal is not within the control limits, in other words,

the shape or configuration of the assay output signal is not normal. The processor
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322 may display the error signal on the display 320 and may store the error signal
and related data in the storage medium 328. The processor 322 may provide the

error signal at any time during or after the analyte analysis.

[0091] The processor 322 determines analyte concentrations from the assay
output signals. The results of the analyte analysis are output to the display 320 and
may be stored in the storage medium 328. [nstructions regarding implementation of
the analyte analysis may be provided by the computer readable software code stored
in the storage medium 328. The code may be object code or any other code
describing or controlling the described functionality. The data from the analyte
analysis may be subjected to one or more data treatments, including the
determination of decay rates, K constants, slopes, intercepts, and/or sample

temperature in the processor 322.

[0092] The sensor interface 318 has contacts that connect or electrically
communicate with the conductors in the sample interface 314 of the sensor strip
304. The sensor interface 318 transmits the electrical input signals from the signal
generator 324 through the contacts to the connectors in the sample interface 314.
The sensor interface 318 also transmits the output signals from the sample interface
314 to the processor 322 and/or signal generator 324. The sensor interface 308 also
may include a detector, a light source, and other components used in an optical

sensor system.

[0093] The display 320 may be analog or digital. The display may be an
LCD display adapted to displaying a numerical reading. Other displays may be
used.

[0094] In use, a liquid sample of a biological fluid is transferred into the cap-

gap formed by the reservoir 308 by introducing the liquid to the opening 312.
The liquid sample flows through channel 310 into reservoir 308, filling the cap-gap
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while expelling the previously contained air. The liquid sample chemically reacts

with the reagents deposited in the channel 310 and/or reservoir 308.

[0095] The processor 322 detects when the sample of the biological fluid is
available for analysis. The sensor strip 302 is disposed adjacent to the measuring
device 302. Adjacent includes positions where the sample interface 314 is in
electrical and/or optical communication with the sensor interface 308. Electrical
communication includes the transfer of input and/or output signals between contacts
in the sensor interface 318 and conductors in the sample interface 314. Optical
communication includes the transfer of light between an optical portal in the sample
interface 302 and a detector in the sensor interface 308. Optical communication
also includes the transfer of light between an optical portal in the sample interface

302 and a light source in the sensor interface 308.

[0096] The processor 322 may direct the signal generator 324 to provide a
polling input signal to sensor interface 318, which applies the polling input signal to
the sample through the electrodes in the sample interface 314. The sample
generates the polling output signal in response to the polling input signal. The
sample interface 314 provides the polling output signal to the sensor interface 318.
The processor 322 receives the polling output signal from the sensor interface 318.
The processor 322 may show the polling output signal on the display 320 and/or

may store the polling output signal in the storage medium 328.

[0097] The processor 322 may direct the signal generator 324 to provide the
assay input signal to the sensor interface 318 when the polling output signal is equal
to or greater than a polling threshold. The processor 322 may have comparator
circuitry to provide the assay input signal to the sensor interface 318 when the
polling output signal is equal to or greater than a polling threshold. In the
comparator circuitry, the polling output signal is directed into the input of an
electrical (analog) comparator or the like. The comparator compares the polling

output signal with a polling threshold value. When the polling output signal is
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equal to or greater than the polling threshold value, the output of the comparator

triggers the launch of the assay input signal.

[0098] The sensor interface 318 applies the assay input signal to the sample
through the sample interface 314 during an assay period. The sample generates the
assay output signal in response to the assay input signal. The sample interface 314

provides the assay output signal to the sensor interface 318.

[0099] The processor 322 receives the assay output signal from the sensor
interface 318. The processor 322 measures the assay output signal generated by the
sample. The processor 322 determines the analyte concentration of the sample in
response to the assay output signal. The processor 322 may show the assay output
signal on the display 320 and/or may store assay output signal in the storage
medium 328. The processor 322 normalizes the assay output signal as previously
discussed. The processor 322 compares the normalized output signal with one or
more control limits during the assay period. The processor 322 provides an error
signal of an abnormal output when the normalized output signal is not with the
control limits. The error signal may be shown on the display 320 and/or retained in
the storage medium 328. The processor 322 may provide the error signal

immediately or another time, such as after the analyte analysis.

[00100] Without limiting the scope, application, or implementation, the

methods and systems previously described may be implemented using the following

algorithm:

[00101] Step 1: Turn on biosensor power

[00102] Step 2: Perform biosensor self-test

[00103] Step 3: Setup to poll for application of sample to sensor

Set ASIC polling potential to vpol
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Set ASIC threshold level to itrigger

Set polling periodic timer to expire at intpol
[00104] Step 4: Setup for assaying the sensor current

Wait for polling periodic timer to expire

Enable ASIC charge pump

Enable ASIC threshold detector (itrigger)

Enable polling potential (vpol)

Select sensor channel which applies potential to

SENSsor

Wait for settling time tpo

[00105] Step 5: Test if the sensor current exceeds the threshold
[00106] Step 6: Delay and test sensor current again
[00107] Step 7: Upon detection of Sample Application

start counting time
launch pulse sequence
[00108] Step 8: Pulse 1 — Measure sensor currents ii,1 and i1s
Pulse 1 starts at time tps
Set Pulse 1 duration to dps
Set Pulse 1 sensor potential to vps

Select sensor channel to apply potential to sensor
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At time t1,1, measure sensor signal, save value as

ADs11

At time t1,8, measure sensor signal, save value as

ADs18
[00109] Step 9: Delay 1 — Re-standardize electronics

Delay 1 starts at end of AD:2 reading, disconnect

sensor channel
Delay 1 ends at beginning of Pulse 2
Set potential to V standardize

At time tc1, select reference resistor channel then

measure signal, save value as ADr:

At time tc, select offset channel then measure

signal, save value as ADo:n

Note: sensor currents starting at Pulse 1 are

calculated from the ADr1 and ADo1 measurements
[00110] Step 10: Pulse 2 - Measure sensor currents i2,1 and i2,8

Pulse 2 starts at time tp2

Set Pulse 2 duration to dp2

Set Pulse 2 sensor potential to vp2

Select sensor channel to apply potential to sensor

At time t2,1, measure sensor signal, save value as

ADs21
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At time t2,8, measure sensor signal, save value as

ADs28

[00111] Step 11: Delay 2 —

Delay 2 starts at end of ADss reading, disconnect

sensor channel

Delay 2 ends at beginning of Pulse 3

Select offset channel to disconnect sensor
[00112] Step 12: Pulse 3 - Measure sensor currents: i3,1 and i3,s

Pulse 3 starts at time tp3

Set Pulse 3 duration to dps

Set Pulse 3 sensor potential to vp3

Select sensor channel to apply potential to sensor

At time t3,1, measure sensor signal, save value as

ADs31

At time t3,8, measure sensor signal, save value as

ADs3s8
[00113] Step 13: Delay 3 — T1 and iwet

Delay 3 starts at end of ADs3s reading, disconnect

sensor channel
Delay 3 ends at beginning of Pulse 4

Set potential to Vstandardize
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At time te, select thermistor channel then measure

signal, save value as AD

At time twet, select offset channel then measure

signal, save value as ADwet
[00114] Step 14: Pulse 4 - Measure sensor currents: i4,1, i4.4, and is,s
Pulse 4 starts at time tp4
Set Pulse 4 duration to dp4
Set Pulse 4 sensor potential to vp4
Select sensor channel to apply potential to sensor

At time ts,1, measure sensor signal, save value as

ADss1

At time ts,4, measure sensor signal, save value as

ADss4

At time ts,8, measure sensor signal, save value as

ADsas
00115]  Step15:  Delay 4 -

Delay 4 starts at end of ADsss reading, disconnect

sensor channel
Delay 4 ends at beginning of Pulse 5
Select offset channel to disconnect sensor

[00116] Step 16: Pulse 5 - Measure sensor currents: is,1, is,4, and iss
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Pulse 5 starts at time tps

Set Pulse 5 duration to dps

Set Pulse 5 sensor potential to vps

Select sensor channel to apply potential to sensor

At time t5,1, measure sensor signal, save value as

ADs51

At time ts4 measure sensor signal, save value as

ADss54

At time ts8, measure sensor signal, save value as

ADss8

Disable ASIC analog functions

[00117] Step 17: Compute ratios

L4

Compute R, = —

Lay

ls g

Compute R, = —

L5

® * °
. Lag L5
Compute Ratio = -

[00118] Step 18: Look up slope and intercept for lot calibration number
S = Slope value for current lot calibration number

Int = Intercept value for current lot calibration

number
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[00119] Step 19:
[00120] Step 20:
[00121] Step 21:
[00122] Step 22:
[00123] Step 23:
[00124] Step 24:

CA 02650880 2008-10-30
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Adjust slope and intercept for temperature effect
Calculate glucose concentration at 25°C
Convert to target reference (plasma vs. WB reference)
Check underfill
Check ratios for “Abnormal Behavior”
[f (R4 > R4max Or
Ra < R4min OF
R5 > ROmax Or
Rs < Rbmin OF
Ratio > RatiOmax Or
Ratio < Ratiomin) then
BEGIN
[f (ErrorCode is not set) then

set ErrorCode to “Abnormal

Behavior”
END

If low glucose, check ratios again for “Abnormal

Behavior”
If (G2s¢ < Giim) then

BEGIN
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[f (R4 > R4Lmax Or
R4 < R4Lmin Or
R5 > R5Lmax Or
Rs < R5Lmin OF
Ratio > RatioLmax or
Ratio < RatioLmin) then
BEGIN
[f (ErrorCode is not set) then

set ErrorCode to “Abnormal

Behavior”
END
[00125] Step 25: Check for extreme glucose levels

[00126] Step 26: Display result

[00127] The algorithm may have other subroutines including those to check for
errors such as sample temperature and underfill conditions. The constants that may
be used in the algorithm are given in Table [l and Table [V below. Other constants

may be used.

[00128]
Constant Description Value Units
Vpoll polling voltage 400 mV
intpoli polling interval 125 ms
tooll polling duration 10 minutes
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Constant Description Value Units
- threshold detect trigger current 250 A
{p1 pulse 1 start time 0 seC
dp1 pulse 1 duration 1 second
Vp1 pulse 1 voltage level 400 mV
t1 time of sensor current reading 1 (7-sec only) 0125 cac
{18 time of sensor current reading 2 1.00 seC
fc1 Oftset reading time 1.125 seC
fc2 Reference reading time 1.25 seC
- pulse 2 start time 15 sec
dp2 pulse 2 duration 1 second
Vp2 pulse 2 voltage level 200 mV
t21 time of sensor current reading 3 1.625 seC
{23 time of sensor current reading 4 2.50 seC
- pulse 3 start time (7-sec only) 3 cac
dp3 pulse 3 duration (7-sec only) 1 second
Vp3 pulse 3 voltage level (7-sec only) 200 mV
t31 time of sensor current reading 5 (7-sec only) 3.125 seC
EX: time of sensor current reading 6 (7-sec only) 4.00 seC
{3 Thermistor reading time 4,125 seC
Fover Time of wet sensor current reading 495 coc
tp4 pulse 4 start time (7-sec only) 4.5 second
dp4 pulse 4 duration (7-sec only) 1 second
Vp4 pulse 4 voltage level (7-sec only) 200 mV
ta1 time of sensor current reading 7 (7-sec only) 4.625 seC
ts4 time of sensor current reading 8 (7-sec only) 5.00 seC
tss time of sensor current reading 9 (7-sec only) 5.50 seC
tps pulse 5 start time (7-sec only) 6 sec
dps pulse 5 duration (7-sec only) 1 second
Vps pulse 5 voltage level (7-sec only) 200 mV
ts1 time of sensor current reading 10 (7-sec only) 6.125 seC
ts4 time of sensor current reading 11 (7-sec only) 6.50 seC
tss time of sensor current reading 12 (7-sec only) 7.00 seC

TABLE 11l
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[00129]
Constant Description L Value | Units
R4 min R4 minimum limit - N -~
R4max | R4 maximum limit B - | 0.85 -
R._'.im;,, | R5 minimum limit o 0.45 -
RSmax | RS maximum limit | 085 =
Ratiomin j]LRatio minimum limit 1 0.75
Raﬂ'omax Ratio maximum limit o 1.25 _
Giim Glucose limit for different R4, R5 and R4/R5 values | 50 | mg/dL
R4L in R4 minimum limit for Gys less than Gym 0.45 -~
RA4L,, .. I R4 maximum limit for Gys less than Gim 0.85 --
R5L,..i, R5 minimum limit for Gys less than Gjim B 0.45 -~
RSLmax TR_S__maximum limit for Gys less than Gjm 0.85 --
RatioLmin | Ratio minimum limit for Gys less than Gim 0.75 -~

Ratiol ,ax | Ratio maximum limit for G,s less than G, 1.25 _
TABLE 1V
[00130] To provide a clear and more consistent understanding of this application,

the following definitions are provided.

[00131] “Analyte” is defined as one or more substances present in a sample. An
analysis determines the presence and/or concentration of the analyte present 1n the
sample.

[00132] “Sample” 1s defined as a composition that may contain an unknown

amount of the analyte. Typically, a sample for electrochemical analysis 1s in liquid form,
and preferably the sample is an aqueous mixture. A sample may be a biological sample,
such as blood, urine, or saliva. A sample also may be a derivative of a biological sample,

such as an extract, a dilution, a filtrate, or a reconstituted precipitate.
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[00133] “Conductor” is defined as an electrically conductive substance that

remains stationary during an electrochemical analysis.

[00134] “Accuracy” is defined as how close the amount of analyte measured by
a sensor system corresponds to the true amount of analyte in the sample. Accuracy
may be expressed in terms of the bias of the sensor system’s analyte reading in

comparison to a reference analyte reading. Larger bias values reflect less accuracy.

[00135] “Precision” is defined as how close multiple analyte measurements are
for the same sample. Precision may be expressed in terms of the spread or variance

among multiple measurements.

[00136] “Redox reaction” is defined as a chemical reaction between two
species involving the transfer of at least one electron from a first species to a second
species. Thus, a redox reaction includes an oxidation and a reduction. The
oxidation half-cell of the reaction involves the loss of at least one electron by the
first species, while the reduction half-cell involves the addition of at least one
electron to the second species. The ionic charge of a species that is oxidized is
made more positive by an amount equal to the number of electrons removed.
Likewise, the ionic charge of a species that is reduced is made less positive by an

amount equal to the number of electrons gained.

[00137] “Mediator” is defined as a substance that may be oxidized or reduced
and that may transfer one or more electrons. A mediator is a reagent in an
electrochemical analysis and is not the analyte of interest, but provides for the
indirect measurement of the analyte. In a simple system, the mediator undergoes a
redox reaction in response to the oxidation or reduction of the analyte. The
oxidized or reduced mediator then undergoes the opposite reaction at the working

electrode of the sensor strip and is regenerated to its original oxidation number.

[00138] “Binder” is defined as a material that provides physical support and

containment to the reagents while having chemical compatibility with the reagents.
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[00139] “Underfill condition” is defined as a sample of biological fluid in a
biosensor having a size or volume that is not large enough for the biosensor to
accurately and/or precisely analyze the concentration of one or more analytes in the

biological fluid.

[00140] "Handheld device” is defined as a device that may be held in a human
hand and is portable. An example of a handheld device is the measuring device

accompanying Ascensia® Elite Blood Glucose Monitoring System, available from

Bayer HealthCare, LLC, Elkhart, IN.

[00141] While various embodiments of the invention have been described, it
will be apparent to those of ordinary skill in the art that other embodiments and

implementations are possible within the scope of the invention.
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CLAIMS:

1. A method for detecting abnormal output in a biosensor, where an input signal 1s
applied to a biological fluid, an output signal 1s generated by the biological fluid, the
output signal 1s measured, and the level of an analyte 1n the biological fluid is detected,
comprising:
normalizing the output signal from a redox reaction of analyte in a sample of the

biological fluid, where the output signal i1s responsive to an analyte concentration in the
sample; -

comparing a normalized output signal to at least one control limit, where the at
least one control limit represents at least one transition of the output signal from normal
to abnormal, where a normal output signal provides an accurate and/or precise analysis
of the biological fluid, and where an abnormal output signal does not provide an accurate
and/or precise analysis of the biological fluid; and

generating an error signal when the normalized output signal 1s not within the at

least one control limit.

2. The method of claim 1, where the at least one control limit i1s predetermined from

a statistical analysis of laboratory results.

3. The method of claim 1 or 2, further comprising determining a difference between

at least one base output value and at least one measured output value of the output signal.

4. The method of claim 3, where the at least one base output value 1s a measured

output value of the output signal.

5. The method of any one of claims 1 to 4, where the output signal is responsive to a

pulsed sequence.
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6. The method of claim 1 or 2, further comprising dividing at least one output value

in a pulse of the output signal by the first output value in the pulse of the output signal.

7. The method of any one of claims 1 to 6, further comprising generating the output

signal 1n response to a pulsed sequence.

8. The method of claim 7, where the output signal 1s responsive to a gated

amperometry electrochemical system.
9. The method of claim 7, where the pulsed sequence comprises at least five pulses.

10. The method of claim 9, where the normalized current value of the fourth pulse,

R4, 1s represented by the following equation:

]
4.8

R4 =
41

2

where 4 1 1s the first current value in the fourth pulse and i4 g 1s the last current value 1n

the fourth pulse.

11.  The method of claim 10, where R4 is greater than or equal to 0.45, and where R4

1s less than or equal to 0.83.

12.  The method of claim 9, where the normalized current value of the fifth pulse, Rs,

1s represented by the following equation:

where is ) 1s the first current value in the fifth pulse and is g 1s the last current value in the

fifth pulse.
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13.  The method of claim 12, where Rs is greater than or equal to 0.45, and where Rs

1s less than or equal to 0.83.

14. The method of claim 9, where the ratio of the normalized current value of the
fourth pulse to the normalized current value of the fifth pulse 1s represented by the

following equation:

[, o 1
. 4.8
Ratio = -

l41

5,1

y
ls g
9

where i4 1 1S the first current value in the fourth pulse, i4 g 1s the last current value 1n the
fourth pulse, i5 ; 1s the first current value 1n the fifth pulse, and i5 g 1s the last current value

in the fifth pulse.

15.  The method of claim 14, where Ratio 1s greater than or equal to 0.75, and where

Ratio 1s less than or equal to 1.25.

16.  The method of claim 1, where the input signal comprises a pulsed sequence.

17.  The method of claim 16, where the input signal is responsive to a gated

amperometry electrochemical system.

18.  The method of any one of claims 1 to 17, where the input signal comprises a

polling input signal and an assay 1nput signal.

19.  The method of claim 18, where the polling input signal has a polling pulse width
of less than about 300 ms, and where the polling input signal has a polling pulse interval

of less than about 1 sec.
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20.  The method of Claim 19, where the polling input signal has a polling pulse width
in the range of about 0.5 ms through about 75 ms, and where the polling input signal has

a polling pulse interval in the range of about 5 ms through about 300 ms.

21.  The method of any one of claims 18 to 20, where the assay input signal has an
assay pulse width of less than about 5 sec, and where the assay input signal has an assay

pulse interval of less than about 15 sec.

22.  The method of claim 21, where the assay input signal has an assay pulse width in
the range ot about 0.1 sec through about 3 sec, and where the assay input signal has an

assay pulse interval in the range of about 0.2 sec through about 6 sec.

23.  The method of any one of claims 18 to 22, further comprising:

applying the polling input signal during a polling period, where the polling period
1S less than about 180 sec; and

applying the assay input signal during an assay period, where the assay period is

less than about 180 sec.

24.  The method of claim 23, further comprising:

applying the polling input signal during a polling period, where the polling period
1s 1n the range of about 0.1 sec through about 10 sec; and

applying the assay input signal during an assay period, where the assay period 1s

in the range of about 1 sec through about 100 sec.

25.  The method of claim 18, further comprising:
applying a polling input signal to the sample for about 1.25 sec where the polling
input signal has a polling pulse width of about 5 — 10 ms and a polling pulse interval of

about 125 ms; and
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applying an assay input signal to the sample for about 7 sec, where the assay
input signal has an assay pulse width of about 1 sec and an assay pulse interval of about

1.5 sec.

26.  The method of claim 25, where the polling input signal has a potential of about
400 mV, where the assay input signal has a first pulse with a potential of about 400 mV,

where the assay input signal has at least one other pulse with a potential of about 200
mV.

27.  The method of any one of claims 18 to 26, further comprising applying the assay

input signal when a polling output signal is greater than or equal to a polling threshold.

28.  The method of claim 27, where the polling threshold is about 250 nA.

29.  The method of any one of claims 1 to 28, further comprising measuring the

output signal intermittently.

30.  The method of claim 29, further comprising measuring at least eight current

values 1n at least one pulse of the output signal.

31. A biosensor for determining an analyte concentration in a biological fluid, where
the biosensor applies an input signal to a biological fluid, measures an output signal
generated by the biological fluid, and detects an analyte level in the biological fluid,
comprising:

a sensor strip having a sample interface on a base, where the sample interface is
adjacent to a reservoir formed by the base;

a measuring device having a processor connected to a sensor interface, where the

sensor 1nterface has electrical communication with the sample interface; and
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where the processor normalizes an output signal from a redox reaction of an
analyte in a sample of a biological fluid, where the output signal 1s responsive to an
analyte concentration in the sample,

where the processor compares a normalized output signal to at least one control
limit, where the at least one control limit represents at least one transition ot the output
signal from normal to abnormal, where a normal output signal provides an accurate
and/or precise analysis of the biological fluid, and where an abnormal output signal does
not provide an accurate and/or precise analysis of the biological fluid, and

where the processor generates an error signal when the normalized output signal

is not within the at least one control limit.

32.  The biosensor of claim 31, where the processor divides at least one output value

in a pulse of the output signal by the first output value in the pulse of the output signal.

33.  The biosensor of claim 31 or 32, where the output signal is responsive to a pulsed
sequence.
34.  The biosensor of claim 33, where the output signal is responsive to a gated

amperometry electrochemical system

35.  The biosensor of any one of claims 31 to 34, where the output signal comprises at

least five pulses.

36.  The biosensor of claim 35 where the normalized current value of the fourth pulse,

R, is represented by the following equation:

]
4.8
R4 =

l4
Y,

where i4 | is the first current value in the fourth pulse and iy g is the last current value 1n

the fourth pulse.

- 47 -



CA 02650880 2014-09-05

37.  The biosensor of claim 335, where the normalized current value of the fifth pulse,

Rs, 1s represented by the following equation:

where is j 1s the first current value in the fifth pulse and is g 1s the last current value 1n the

fifth pulse.

38. The biosensor of claim 35, where the ratio of the normalized current value of the
fourth pulse to the normalized current value of the fifth pulse is represented by the

following equation:

where i4 | 1s the first current value 1n the fourth pulse, i g 1s the last current value 1n the
fourth pulse, is ) is the first current value in the fifth pulse, and is g 1s the last current value

in the fifth pulse.

39.  The biosensor of any one of claims 31 to 38, where the input signal comprises a

polling input signal and an assay input signal.

40.  The biosensor of claim 39, where the polling input signal has a polling pulse

width of less than about 300 ms and a polling pulse interval of less than about 1 sec.

41.  The biosensor of claim 39 or 40, where the assay input signal has an assay pulse

width of less than about 5 sec, and where the assay input signal has an assay pulse

interval of less than about 15 sec.

42.  The biosensor of any one of claims 39 to 41, where the processor applies the

polling input signal during a polling period of less than about 180 sec, and where the
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processor applies the assay input signal during an assay pertod of less than about 180

SCC.

43.  The biosensor of claim 42, where the processor applies the polling input signal
during a polling period in the range of about 0.1 sec through about 10 sec, and where the

processor applies the assay input signal during an assay period in the range of about 1

sec through about 100 sec.

44. The biosensor of claim 39,

where the processor applies a polling input signal to the sample for about 1.25
sec, where the polling input signal has a polling pulse width of about 5 — 10 ms, a
polling pulse interval of about 125 ms, and a potential of about 400 mV; and

where the processor applies an assay input signal to the sample for about 7 sec,
where the assay input signal has an assay pulse width of about 1 sec, an assay pulse
interval of about 1.5 sec, a first pulse with a potential of about 400 mV, and at least one

other pulse with a potential of about 200 mV.

45.  The biosensor of any one of claims 39 to 44, where the processor applies the

assay input signal when a polling output signal 1s greater than or equal to a polling

threshold of about 250 nA.

46.  The biosensor of claim 31, where the processor determines a difference between

at least one base output value and at least one measured output value of the output signal.

47.  The biosensor of claim 31, where the processor measures the output signal
intermittently.
48.  The biosensor of any one of claims 31 to 47, where the at least one control limit

is predetermined from a statistical analysis of laboratory results.

49.  The method of claim 2, further comprising:
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normalizing current readings from blood samples;
separating the normalized current values on the basis of underlying current
profiles; and

selecting the at least one control limit to include an acceptable variation of the

normalized current values about a mean using standardized statistical techniques.

50.  The biosensor of claim 31, where the processor:

normalizes current readings from blood samples;

separates the normalized current values on the basis of underlying current
profiles; and

selects the at least one control limit to include an acceptable variation of the

normalized current values about a mean using standardized statistical techniques.
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