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METHOD FOR ELECTROCHEMICAL ANALYSIS BY USE OF ALTERNATING
OUTPUT SIGNALS FROM TWO ELECTRODES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of and priority to U.S. Provisional
Application No. 62/361,358, filed July 12, 2016, entitled, “INTERTWINED ELECTRICAL
INPUT SIGNALS,” and U.S. Provisional Application No. 62/430,232, filed December 5,
2016, entitled, “INTERTWINED ELECTRICAL INPUT SIGNALS,” each of which is

hereby incorporated by reference herein in its entirety.

FIELD OF THE PRESENT DISCLOSURE

[0002] Aspects of the present disclosure relate generally to devices and methods for

determining a concentration of an analyte in a sample.

BACKGROUND

[0003] Biosensor systems provide an analysis of a biological fluid, such as whole blood
(WB), serum, plasma, urine, saliva, and interstitial or intracellular fluid. Typically, biosensor
systems have a measurement device that analyzes a sample contacting a test sensor. The
sample is typically in liquid form and, in addition to being a biological fluid, can be the
derivative of a biological fluid, such as an extract, a dilution, a filtrate, or a reconstituted
precipitate.  The analysis performed by the system determines the presence and/or
concentration of one or more analytes in the sample, such as alcohol, glucose, uric acid (UA),
lactate, cholesterol, bilirubin (BRB), free fatty acids, triglycerides, proteins, ketones,
phenylalanine, or enzymes. The analysis can be useful in the diagnosis and treatment of
physiological abnormalities. For example, a diabetic individual may use a biosensor system
to determine the glucose level in WB for adjustments to diet and/or medication.

[0004] In electrochemical biosensor systems, the analyte concentration is determined from an
electrical signal generated by an oxidation/reduction (redox) reaction of the analyte, or a
species responsive to the analyte, such as a measurable species, when an input signal is
applied to the sample. The input signal can be a potential or current and can be constant,
variable, or a combination thereof.

[0005] The measurement device applies an input signal to the working electrode of the test
sensor, which conveys the input signal into the sample. The redox reaction of the measurable
species generates an electrical output signal in response to the input signal. Specifically in
the case of glucose, glucose is oxidized by an enzyme, which then transfers an electron to a
mediator. The reduced mediator then travels to an electrode of the test sensor where it is

electrochemically oxidized and generates an output signal. The measurement device can
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have the processing capability to measure and correlate the output signal with the presence
and/or concentration of one or more analytes in the biological fluid.

[0006] Coulometry is one electrochemical method that has been used to quantify analytes in
biological fluids. In coulometry, the analyte concentration is quantified by exhaustively
oxidizing the analyte within a small volume and integrating the current over the time of
oxidation to produce the electrical charge representing the analyte concentration. Thus,
coulometry captures the total amount of analyte within the test sensor. An important aspect
of coulometry is that towards the end of the integration curve of charge versus time, the rate
at which the charge changes with time becomes substantially constant to yield a steady-state
condition. The steady-state portion of the coulometric curve forms a relatively flat current
region, thus allowing determination of the corresponding current. However, the coulometric
method requires the complete conversion of the entire volume of analyte to reach the steady-
state condition unless the true steady-state current is estimated from non-steady-state output.
As a result, this method can be time consuming or less accurate due to the estimation. The
sample volume of the test sensor also must be controlled to provide accurate results, which
can be difficult with a mass-produced device.

[0007] Amperometry is another electrochemical method that has been used to quantify
analytes in biological fluids. In amperometry, current is measured during a read pulse as a
constant potential (voltage) is applied across the working electrode and the counter electrode
of the test sensor. The measured current is used to quantify the analyte in the sample.
Amperometry measures the rate at which the electrochemically active species, and thus the
analyte, 1s being oxidized or reduced near the working electrode.

[0008] Voltammetry is another electrochemical method that can be used to quantify analytes
in biological fluids. Voltammetry differs from amperometry in that the potential of the input
signal applied across the working and counter electrodes of the test sensor changes
continuously with time. The current is measured as a function of the change in potential of
the input signal and/or time.

[0009] The measurement performance of a biosensor system is defined in terms of accuracy
and/or precision. Increases in accuracy and/or precision provide for an improvement in
measurement performance of the system, such as a reduction in the bias. Accuracy and error
are opposite in describing the system performance. A more accurate reading means less error
associated with the reading. Accuracy and error can be expressed in terms of bias of the
system’s analyte reading in comparison to a reference analyte reading, with larger bias values

representing less accuracy. Precision can be expressed in terms of the spread or variance
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among multiple analyte readings in relation to a mean. Bias is the difference between one or
more values determined from the biosensor system and one or more accepted reference
values for the analyte concentration in the biological fluid. Thus, one or more error sources
in the analysis results in the bias of the determined analyte concentration of a biosensor
system. A competing consideration is the total time that elapses between the application of
energy to the sample and the determination of analyte concentration. Shorter times may
affect the accuracy and/or precision positively or negatively, but too short an assay time may
compromise accuracy and/or precision.

[0010] Error can be expressed in terms of “absolute bias” or “percent bias” of the determined
analyte concentration from the reference analyte concentration. Absolute bias can be
expressed in the units of the measurement, such as milligrams per deciliter (Acy — ARger
mg/dL), while percent bias can be expressed as a percentage of the absolute bias value over
the reference value (100*[Aca — Arerl/Arer), Where A is the target analyte concentration. An
example of expressing error can be found in the ISO standard of ISO 15197-2013E, where
the error may be expressed in terms of absolute bias as being the glucose reading deviation
from the reference glucose value (G — Grer) for glucose concentrations less than 100
mg/dL, while also expressed in terms of percent bias as being the glucose reading percent
bias deviation from the reference glucose (100*[Gca — Gref]/Gres) for glucose concentrations
at 100 mg/dL and higher. The term “combined bias” (expressed as bias/%-bias) represents
absolute bias for glucose concentrations less than 100 mg/dL. and percent bias for glucose
concentrations of 100 mg/dL and higher. Under such an error definition, accuracy is further
defined as how well the measured glucose readings are within a boundary of the combined
biases (bias/%bias). For instance, ISO-2013E calls for 95% or greater of the data are within
+15 mg/dL / £15% of the reference glucose readings. It is the error boundary and the bias/%-
bias that forms the basis of accuracy. The narrower the error boundary, the better the
accuracy. Thus, a biosensor system having 95% or greater of the data within +12.5 mg/dL /
+12.5% is more accurate than that within +15 mg/dL / +15%, while £10 mg/dL / £10% is
better than £12.5 mg/dL / £12.5%, and £5 mg/dL / +5% is better than +10 mg/dL / +10%.
[0011] Measurement accuracy of an analyte concentration of interest may be affected by the
presence of interference species within the sample. The interference species contribute to the
output signal but are unrelated to the concentration of the analyte. In some cases, the
interference species can affect the output signal based on directly affecting the redox reaction

of the analyte. For example, when a biosensor system determines the concentration of a
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reduced mediator generated in response to the oxidation of an analyte, any reduced mediator
generated not by oxidation of the analyte will lead to the biosensor system indicating that
more analyte is present in the sample than is correct due to mediator background. In addition,
an interference species can reduce the mediator, although the interference species is unrelated
to the analyte. In the case of glucose, such an interference species can be xylose or another
chemically similar species to glucose. In other cases, the interference species that have
similar redox potentials as that of the analyte and/or the mediator, and that of the potential of
an input signal applied to the sample, can be oxidized and/or reduced along with the analyte
and/or the mediator and, therefore, contribute to the output signal. Interference species that
do not directly affect the redox reaction of the analyte but still affect the output signal
include, for example, ascorbic acid (ASA), UA, acetaminophen (AA), dopamine (Dop), and
the like. The presence of one or more interference species and the inability or failure of
conventional measurement systems to account for the contribution of these interference
species in the analyte concentration measurement undesirably contributes to measurement
inaccuracy of the analyte concentration of interest.

[0012] The concentration values obtained from an analysis with an error can be inaccurate.
Thus, biosensor systems include one or more methods to correct the error, or reduce the bias,
associated with an analysis. The ability to correct these analyses with error may increase the
accuracy and/or precision of the concentration values obtained. An error correction system
may compensate for effects from one or more error sources, such as error arising when the
measurable species concentration does not correlate with the analyte concentration. For
example, when a biosensor system determines the concentration of a reduced mediator
generated in response to the oxidation of an analyte, any reduced mediator not generated by
oxidation of the analyte will lead to the system indicating that more analyte is present in the
sample than is correct due to mediator background. Thus, “mediator background” is the bias
introduced into the measured analyte concentration attributable to measurable species not
responsive to the underlying analyte concentration.

[0013] Measurement error or biases also may arise when the output signal does not correlate
to the measurable species concentration of the sample. For example, when a biosensor
system determines the concentration of a measurable species from output signal currents,
output currents not responsive to the measurable species will lead to the system’s indicating
that more analyte is present in the sample than is correct due to interferent current. Thus,

“interferent bias” is the bias introduced into the measured analyte concentration attributable
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to interferents producing output currents not responsive to the underlying analyte
concentration.

[0014] The ability to correct these analyses may increase the accuracy and/or precision of the
concentration values obtained. An error correction system may compensate for one or more
error sources, such as a sample temperature or a sample hematocrit level, which are different
from a reference temperature or a reference hematocrit value.

[0015] While conventional error compensation methods/systems attempt to balance various
competing advantages and disadvantages, they are prone to measurement inaccuracies and
suffer from performance shortcomings. Conventional systems usually are directed to detect
and respond to a particular type of error, either temperature or hematocrit, for example. Such
methods/systems typically do not have the ability to compensate for multiple error sources.
These systems generally also lack the ability to alter the compensation for the error based on
multiple output signals from a specific sample. Consequently, conventional biosensor
systems may provide analysis results having determined analyte concentration values outside
a desired measurement performance limit.

[0016] For at least the foregoing reasons, there is an ongoing need for electrochemical
biosensor systems having improved measurement performance, especially those that may
provide an increasingly accurate and/or precise determination of a biological analyte
concentration without extending the analysis period and preferably reducing it. The systems,
devices, and methods of the present disclosure overcome at least one of the disadvantages

associated with conventional systems.

SUMMARY

[0017] Aspects of the present disclosure include apparatuses, systems, and methods related to
the determination of a concentration of one or more analytes in a sample. The apparatuses,
systems, and methods of the present disclosure apply intertwined input signals to the sample
for determining the concentration of the analyte. The intertwined input signals are applied to
the sample via a working electrode with one or more reagents and a bare electrode without
the one or more reagents. The first input signal includes at least two excitations and at least
one relaxation, and the second input signal includes at least one excitation and at least one
relaxation, where the excitations of the first and second input signals are nonconcurrent and
where the excitations of one of the input signals are separated from each other by at least one

excitation of the other input signal.



WO 2018/011692 PCT/IB2017/054133

[0018] Aspects of the present disclosure include apparatuses, systems, and methods for
measuring one or more output signals in response to the above-intertwined input signals for
determining the concentration of the one or more analytes in the sample.

[0019] Aspects of the present disclosure include apparatuses, systems, and methods for
measuring one or more output signals in response to the above-intertwined input signals for
determining the type of the sample, which can include a determined specific type of the
sample. In certain aspects, the types can be a control and a WB sample. In some aspects, the
determined specific type among one type can be specific or predetermined controls.

[0020] Aspects of the present disclosure include apparatuses, systems, and methods for
measuring one or more output signals in response to the above-intertwined input signals for
determining one or more interference species in the sample, a level of interference of the
sample, or a combination thereof. In certain aspects, the functionality and/or operation of the
apparatuses, systems, and methods can vary based on the determination of the one or more
interference species in the sample, the level of interference of the sample, or a combination
thereof.

[0021] Further aspects of the present disclosure include a method of determining a
concentration of an analyte in a sample. The method includes intertwining a first input
signal, via a first electrode having a reagent, with a second input signal, via a second
electrode lacking a reagent. The intertwining includes applying to the sample, via the first
electrode, the first input signal having at least two excitations and a relaxation, and applying
to the sample, via the second electrode, the second input signal having at least two excitations
and a relaxation, such that the excitations of the first input signal are nonconcurrent with the
excitations of the second input signal. The method further includes measuring a first output
signal responsive to the first input signal and a second output signal responsive to the second
input signal. The method further includes determining the concentration of the analyte based
on at least the first output signal and the second output signal.

[0022] Aspects of the present disclosure also include a method of determining a
concentration of an analyte in a sample. The method includes intertwining a first input signal
via a first electrode having a reagent with a second input signal via a second electrode lacking
any reagent. The intertwining includes applying to the sample, via the first electrode, the first
input signal having at least two voltage pulses, and applying to the sample, via the second
electrode, the second input signal having at least two voltage pulses, such that the at least two
voltage pulses of the first input signal are separated by at least one voltage pulse of the at

least two voltage pulses of the second input signal. The method further includes measuring a
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first output signal responsive to the first input signal and a second output signal responsive to
the second input signal. The method further includes determining the concentration of the
analyte based on at least the first output signal and the second output signal.

[0023] Additional aspects of the present disclosure include a method of determining a
concentration of an analyte in a sample. The method includes applying a first input signal to
the sample. The first input signal includes a first plurality of duty cycles. Each duty cycle of
the first plurality of duty cycles includes: (i) an excitation between a first electrode and a
counter electrode, and (i) a relaxation of the first electrode. The first electrode includes at
least one reagent that facilitates oxidation of the analyte. The method further includes
applying a second input signal to the sample. The second input signal includes a second
plurality of duty cycles. Each duty cycle of the second plurality of duty cycles includes: (i)
an excitation between a second electrode and the counter electrode, and (i1) a relaxation of the
second electrode, the second electrode excluding the at least one reagent. The method further
includes measuring a first output signal responsive to the first input signal and a second
output signal responsive to the second input signal. The method further includes determining
the concentration of the analyte in the sample based on the first output signal and the second
output signal. In aspects of the method, at least the excitations of the first plurality of duty
cycles and the second plurality of duty cycles are intertwined.

[0024] Further aspects of the present disclosure include a method of determining a
concentration of an analyte in a sample. The method includes applying a first input signal to
the sample. The first input signal includes a first plurality of duty cycles. Each duty cycle of
the first plurality of duty cycles includes: (1) a voltage pulse applied between a first electrode
and a counter electrode, and (i1) a relaxation of the first electrode. The first electrode
includes at least one reagent that facilitates oxidation of the analyte. The method further
includes applying a second input signal to the sample. The second input signal includes a
second plurality of duty cycles. Each duty cycle of the second plurality of duty cycles
includes a voltage pulse applied between a second electrode and the counter electrode, where
the second electrode excludes any reagent that facilitates oxidation of the analyte. The
method further includes measuring a first output signal responsive to the first input signal and
a second output signal responsive to the second input signal. The method further includes
determining the concentration of the analyte in the sample based on the first output signal and
the second output signal. Aspects of the method include each voltage pulse applied between
the first electrode and the counter electrode of the first input signal being separated from a

next voltage pulse applied between the first electrode and the counter electrode of the first
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input signal by at least one voltage pulse applied between the second electrode and the
counter electrode of the second input signal.

[0025] Still further aspects of the present disclosure include a method of analyzing a solution
with a blood glucose monitoring device. The method includes applying an input signal to the
solution via a bare electrode of the blood glucose monitoring device, where the input signal
includes a constant voltage pulse, such as a direct current (DC) voltage. The method further
includes determining a polarity of a current generated in response to the voltage pulse. The
method further includes identifying the solution as a control or a blood sample based, at least
in part, on the polarity of the current.

[0026] Additional aspects of the present concepts include a method of determining a type of a
sample. The method includes applying an input signal to the sample via a bare electrode,
where input signal includes at least two excitations and a relaxation. The method further
includes measuring an output signal responsive to the input signal, and determining one or
more parameters based on the output signal. The method further includes comparing the one
or more parameters to one or more thresholds to determine the type of the sample.

[0027] Further aspects of the present concepts include a method of accounting for one or
more interference species in a sample. The method includes intertwining a first input signal,
via a first electrode having a reagent, with a second input signal, via a second electrode
lacking a reagent. The intertwining includes applying to the sample, via the first electrode,
the first input signal having at least two excitations and a relaxation, and applying to the
sample, via the second electrode, the second input signal having at least two excitations and a
relaxation, such that the excitations of the first input signal are nonconcurrent with the
excitations of the second input signal. The method further includes measuring a first output
signal responsive to the first input signal and a second output signal responsive to the second
input signal. The method further includes determining a level of interference of the one or
more interference species in the sample based, at least in part, on the second output signal.
[0028] Additional aspects of the present concepts include a method of interference
management. The method includes sorting one or more signals and/or one or more
parameters to separate interference data from normal data so as to define boundaries by
thresholds in one, two, or more dimensions. The method further includes determining
whether to apply normal calculation/compensation to data, special calculation/compensation
to the data, or reject the data based on the defined boundaries.

[0029] Still additional aspects of the present concepts include a method of determining a

concentration of an analyte in a sample. The method includes intertwining a first input
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signal, having two or more excitations and at least one relaxation of a first electrode having a
reagent specific to the analyte, with a second input signal, having one or more excitations and
at least one relaxation of a second electrode lacking a reagent specific to the analyte, such
that each excitation of the two or more excitations of the first input signal are nonconcurrent
with the one or more excitations of the second input signal. The method further includes
measuring a first output signal responsive to the first input signal and a second output signal
responsive to the second input signal. The method also includes determining the
concentration of the analyte based on at least the first output signal and the second output
signal.

[0030] Yet additional aspects of the present concepts include a method of managing
interference effects for one or more interference species in a sample. The method includes
applying one or more input signals to a biosensor system in contact with an analyte sample.
The method further includes measuring one or more output signals of the biosensor system
responsive to the one or more input signals. The method also includes determining a position
of a data point in a pre-sort separation map based on one or more signals, one or more
parameters, or a combination thereof relative to defined boundaries of pre-set threshold
values. The method further includes determining whether to apply a normal
calculation/compensation of analyte concentration to the data point, a special
calculation/compensation of analyte concentration to the data point, or a rejection of the data
point based on the position.

[0031] Further aspects of the present disclosure include a method of providing sample
profiles. In particular, the method includes determining an analyte concentration, such as
glucose, as well as reporting one or more parameters about, or concentrations of, the
endogenous species within the sample. Endogenous species (chemical substances that are
present naturally in the human body) include uric acid, dopamine, cholesterol, or even the %-
hematocrit, etc. as part of the WB sample. Over a period of time, this sample profiling will
provide data in more than one dimension, which can lead to additional therapeutic actions to
address the long term health and diabetes concerns.

[0032] Aspects of the present disclosure further include one or more apparatuses and systems
configured to perform or execute the methods described above. In some aspects, the one or
more apparatuses and one or more components of the systems include computer-readable
instructions that cause the apparatuses and the one or more components to execute operations

of the methods described above.
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[0033] Additional aspects of the present disclosure will be apparent to those of ordinary skill
in the art in view of the detailed description of various embodiments, which is made with

reference to the drawings, a brief description of which is provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 depicts a schematic representation of a biosensor system that determines an
analyte concentration in a sample of a biological fluid, in accord with aspects of the present
disclosure.

[0035] FIG. 2A is a graph illustrating an application of intertwined input signals for a
biosensor system, in accord with additional aspects of the present disclosure.

[0036] FIG. 2B is a graph illustrating an alternative application of intertwined input signals
for a biosensor system, in accord with additional aspects of the present disclosure.

[0037] FIG. 2C is a graph illustrating an alternative application of intertwined input signals
for a biosensor system, in accord with additional aspects of the present disclosure.

[0038] FIG. 3 is a graph illustrating an alternative application of intertwined input signals for
a biosensor system, in accord with additional aspects of the present disclosure.

[0039] FIG. 4 is a graph illustrating an alternative application of intertwined input signals for
a biosensor system, in accord with additional aspects of the present disclosure.

[0040] FIG. 5 is a graph illustrating an alternative application of intertwined input signals for
a biosensor system, in accord with additional aspects of the present disclosure.

[0041] FIG. 6A is a graph illustrating an alternative application of intertwined input signals
for a biosensor system, in accord with additional aspects of the present disclosure.

[0042] FIG. 6B is a graph illustrating an alternative application of intertwined input signals
for a biosensor system, without system relaxations, in accord with additional aspects of the
present disclosure.

[0043] FIG. 6C is a graph illustrating an alternative application of intertwined input signals
for a biosensor system, with a system relaxation after a working electrode pulse, in accord
with additional aspects of the present disclosure.

[0044] FIG. 6D is a graph illustrating an alternative application of intertwined input signals
for a biosensor system, with a system relaxation after a bare electrode pulse, in accord with
additional aspects of the present disclosure.

[0045] FIG. 7 is a graph illustrating intertwined first and second output signals measured in
response to the intertwined first and second input signals of FIG. 2A, in accord with aspects

of the present disclosure.
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[0046] FIG. 8A is a graph illustrating an application of alternative intertwined first and
second input signals for a biosensor system, in accord with additional aspects of the present
disclosure.

[0047] FIG. 8B is a graph illustrating an application of alternative intertwined first and
second input signals for a biosensor system, in accord with additional aspects of the present
disclosure.

[0048] FIG. 8C is a graph illustrating an application of alternative intertwined first and
second input signals for a biosensor system, in accord with additional aspects of the present
disclosure.

[0049] FIG. 8D is a graph illustrating an application of alternative intertwined first and
second input signals for a biosensor system, in accord with additional aspects of the present
disclosure.

[0050] FIG. 9A is a graph illustrating output signals resulting from the intertwined first and
second input signals of FIG. 8A, in accord with additional aspects of the present disclosure.
[0051] FIG. 9B is a graph illustrating output signals resulting from the intertwined first and
second input signals of FIG. 8B, in accord with additional aspects of the present disclosure.
[0052] FIG. 9C is a graph illustrating output signals resulting from the intertwined first and
second input signals of FIG. 8C, in accord with additional aspects of the present disclosure.
[0053] FIG. 9D is a graph illustrating output signals resulting from the intertwined first and
second input signals of FIG. 8D, in accord with additional aspects of the present disclosure.
[0054] FIG. 10A shows reference correlations for different pulses of the first input signal in
FIG. 8A, in accord with aspects of the present disclosure.

[0055] FIG. 10B shows reference correlations for different pulses of the first input signal in
FIG. 8B, in accord with aspects of the present disclosure.

[0056] FIG. 10C shows reference correlations for different pulses of the first input signal in
FIG. 8C, in accord with aspects of the present disclosure.

[0057] FIG. 10D shows reference correlations for different pulses of the first input signal in
FIG. 8D, in accord with aspects of the present disclosure.

[0058] FIG. 10E shows a comparison of the raw signals correlated with reference glucose
concentrations for a 3 second potential sequence and a 6.6 second potential sequence, in
accord with aspects of the present disclosure.

[0059] FIG. 11A is a graph illustrating an application of intertwined first and input signals for
a biosensor system with pulses that are not all at a constant potential, in accord with

additional aspects of the present disclosure.
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[0060] FIG. 11B is a graph illustrating intertwined first and second output signals in response
to the intertwined first and second input signals of FIG. 11A, respectively, in accord with
aspects of the present disclosure.

[0061] FIG. 11C is a graph illustrating the currents measured in response to the acyclic
voltammetric pulse M3 of the first input signal of FIG. 11A in the form of a voltammogram,

in accord with aspects of the present disclosure.

[0062] FIG. 11D is a graph illustrating the currents measured in response to the linear scan
pulse Gs of the second input signal of FIG. 11B in the form of a voltammogram, in accord
with aspects of the present disclosure.

[0063] FIG. 12A is a graph illustrating an application of intertwined first and second input
signals for a biosensor system with pulses that are not all at a constant potential, in accord
with additional aspects of the present disclosure.

[0064] FIG. 12B is a graph illustrating intertwined first and second output signals in response
to the intertwined first and second input signals of FIG. 12A, in accord with aspects of the
present disclosure.

[0065] FIG. 12C is a graph illustrating the currents measured in response to the acyclic
voltammetric pulse M3 of the first input signal of FIG. 12A, in accord with aspects of the
present disclosure.

[0066] FIG. 12D is a graph illustrating the currents measured in response to the linear scan
pulse Gj of the second input signal of FIG. 12A in the form of a voltammogram, in accord
with aspects of the present disclosure.

[0067] FIG. 13 is a flowchart of a process for determining a concentration of an analyte based
on intertwined input signals, in accord with aspects of the present disclosure.

[0068] FIG. 14A is a graph illustrating the currents measured in response to the first through
third pulses of the second input signal in FIG. 8D applied to various controls, in accord with
aspects of the present disclosure.

[0069] FIG. 14B is a graph illustrating the currents measured in response to the first through
third pulses of the second input signal in FIG. 8D applied to various WB samples, in accord
with aspects of the present disclosure.

[0070] FIG. 14C is a graph illustrating the currents measured in response to the third and
fourth pulses of the second input signal, in addition to the third Hct input signal, in FIG. 8D

applied to various controls, in accord with aspects of the present disclosure.
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[0071] FIG. 14D is a graph illustrating the currents measured in response to the third and
fourth pulses of the second input signal, in addition to the third Hct input signal, in FIG. 8D
applied to various WB samples, in accord with aspects of the present disclosure.

[0072] FIG. 15 is a graph illustrating an approximation of the decay of the currents of the
second input signal as a function of time relative to the time during which the pulse of the
second input signal was applied to the sample, in accord with aspects of the present
disclosure.

[0073] FIG. 16A is a graph illustrating currents ig;; versus the parameter DG4 for WB
samples and controls based on the first and second input signals from FIG. 8D, in accord with
aspects of the present disclosure.

[0074] FIG. 16B is a graph illustrating currents igy,; versus the parameter DG4 for the WB
samples and controls based on the input signals of FIG. 8D, in accord with aspects of the
present disclosure.

[0075] FIG. 16C is a graph illustrating currents igy; versus the parameter DG4 for three
phosphate ion controls at the buffer concentrations of 20, 50, and 100 mM, in accord with
aspects of the present disclosure.

[0076] FIG. 16D is a graph illustrating currents igy; versus the parameter DG4 for a
Trizma® acetate control, made by Sigma Chemical Company of St. Louis Missouri, at pHs
of 6.5, 7, and 7.5 for each of the three buffer concentrations of 20, 50 and 100 mM, in accord
with aspects of the present disclosure.

[0077] FIG. 16E is a graph illustrating currents i ; versus the parameter DG4 for an N-(2-
acetamido)iminodiacetic acid (ADA) control at pHs of 6.5, 7, and 7.5 for each of the three
buffer concentrations of 20, 50, and 100 mM, in accord with aspects of the present disclosure.
[0078] FIG. 16F is a graph illustrating currents igy,; versus the parameter DG4 for bis-tris
controls at combinations of three pHs of 6.5, 7, and 7.5 for each of the three buffer
concentrations 20, 50, and 100 mM, in accord with aspects of the present disclosure.

[0079] FIG. 17A is a graph illustrating currents 1G;; versus the parameter DG4 for the WB
samples and controls based on the input signals of FIG. 8B, in accord with aspects of the
present disclosure.

[0080] FIG. 17B is a graph illustrating a differentiation between WB samples and controls

based on the parameters RHG, and DG4, in accord with aspects of the present disclosure.
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[0081] FIG. 17C is a graph illustrating the differentiation between two controls based on two
currents 1G4 4 and iyy 4, in accord with aspects of the present disclosure.

[0082] FIG. 18 is a flowchart of a process for analyzing a solution with a blood glucose
monitoring device, in accord with aspects of the present disclosure.

[0083] FIG. 19 is a flowchart of a process for determining a type of a sample, in accord with
aspects of the present disclosure.

[0084] FIG. 20 is a graph illustrating voltammograms of Dop, AA, and UA added to a blank
WB sample of 300 mg/dL glucose at 42% Hct, taken at the bare electrode, in accord with

aspects of the present disclosure.

[0085] FIG. 21A shows a plot of the parameters RG34 versus RGyy for the entire range of

RG34 and RGyy resulted from tests for interference species in comparison to data points from
lab studies (Lab) and donor studies (DS), in accord with aspects of the present disclosure.
[0086] FIG. 21B shows a plot of the parameters RG34 versus RGyy for a subset range of RGyy

resulted from the tests for interference species in comparison to the data points from Lab and

DS, in accord with aspects of the present disclosure.

[0087] FIG. 21C shows a plot of the parameters RG34 versus RGy4 for subset ranges of RG3y
and RGyy for interference species in comparison to the data points from Lab and DS, in
accord with aspects of the present disclosure.

[0088] FIG. 21D shows a plot of the parameters RG34 versus RGyy for interference species in

comparison to the data points from Lab and DS, in accord with aspects of the present

disclosure.

[0089] FIG. 21E shows a plot of sorting and separating of currents iGj 4 versus igs4 for ASA
and Dop, in accord with aspects of the present disclosure.

[0090] FIG. 21F shows a plot of the sorting and separation of currents ig3 4 versus iy 4 for
AA, UA, and pralidoxime iodide (PAM), in accord with aspects of the present disclosure.
[0091] FIG. 21G shows a plot of the sorting and separation of currents igss4 Vversus
temperatures for PAM, in accord with aspects of the present disclosure.

[0092] FIG. 21H shows a plot of the sorting and separation of the parameter (RGy3-RG3))
versus ig4 4 for hemoglobin (Hb), in accord with aspects of the present disclosure.

[0093] FIG. 22A shows a plot of the compensation results of a special algorithm in

comparison to the compensation results of a normal algorithm for ASA, in accord with

aspects of the present disclosure.

-14 -



WO 2018/011692 PCT/IB2017/054133

[0094] FIG. 22B shows a plot of the compensation results of the special algorithm in
comparison to the compensation results of the normal algorithm for UA, in accord with
aspects of the present disclosure.

[0095] FIG. 22C shows a plot of the compensation results of the special algorithm in
comparison to the compensation results of the normal algorithm for PAM, in accord with
aspects of the present disclosure.

[0096] FIG. 22D shows a plot of the compensation results of the special algorithm in
comparison to the compensation results of the normal algorithm for Hb, in accord with

aspects of the present disclosure.
[0097] FIG. 23A shows a plot of the parameters MgGy versus Rgs for xylose interference

study data in comparison to the data from a lab study (Lab), in accord with aspects of the

present disclosure.
[0098] FIG. 23B shows a plot of the parameters Rg; versus Rgs for xylose interference study

data in comparison to the data from a lab study (Lab), in accord with aspects of the present

disclosure.
[0099] FIG. 24A shows a plot of the temperature effects of Rgs with data taken from lab tests
of WB samples at 17, 23, and 28 °C using CONTOUR® NEXT strips by Ascensia Diabetes

Care of Parsippany, NJ, in accord with aspects of the present disclosure.

[0100] FIG. 24B shows a plot of parameters MgGy versus Rgs T after temperature correction
for Rgs, in accord with aspects of the present disclosure.

[0101] FIG. 24C shows a plot of the parameters MGy versus Rgs. TH after adjusting for the
hematocrit effect of Rgs_T, in accord with aspects of the present disclosure.

[0102] FIG. 24D shows a plot of the average temperature effect of Rg5 with data from five
different lab studies, in accord with aspects of the present disclosure.

[0103] FIG. 24E shows a plot of the temperature function of Rgs in terms of In(Rgs) (left
axis), and the stepwise temperature coefficients of Rgs (right axis), in accord with aspects of
the present disclosure.

[0104] FIG. 24F shows a plot of the parameters Rg; versus Rgs TH after adjusting for the
hematocrit effect of Rgs_T, in accord with aspects of the present disclosure.

[0105] FIG. 25A shows a plot of the sorting and separation of normal and xylose interference

data with defined boundaries, in accord with aspects of the present disclosure.
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[0106] FIG. 25B shows a plot of the compensation results for a xylose interference study
(XY-1) where the baseline glucose concentrations are at 80 and 300 mg/dL from left to right
of the plot, in accord with aspects of the present disclosure.

[0107] FIG. 25C shows a plot of the compensation results for a xylose interference study
(XY-2) where the baseline glucose concentrations are at 50, 110, and 180 mg/dL from left to
right of the plot, in accord with aspects of the present disclosure.

[0108] FIG. 26 is a flowchart of a process for determining a concentration of an analyte
taking into account the effects of one or more interference species within the sample, in
accord with aspects of the present disclosure.

[0109] FIG. 27A shows a plot of the prediction of WB %-Hct and the accuracy of the

prediction in terms of %-Hct bias, in accord with aspects of the present disclosure.
[0110] FIG. 27B shows a plot of the responses of the parameter RG34 and current igs 4 to

added uric acid in WB, in accord with aspects of the present disclosure.

[0111] The present disclosure is susceptible to various modifications and alternative forms,
and some representative embodiments have been shown by way of example in the drawings
and will be described in detail herein. It should be understood, however, that the disclosure is
not intended to be limited to the particular forms illustrated and described. Rather, the
present application covers all modifications, equivalents, and alternatives falling within the

spirit and scope of the present disclosure, as further defined by the appended claims.

DETAILED DESCRIPTION

[0112] While this disclosure is susceptible of embodiment in many different forms, there is
shown in the drawings and will herein be described in detail example implementations of the
inventions and concepts herein with the understanding that the present disclosure is to be
considered as an exemplification of the principles of the inventions and concepts and is not
intended to limit the broad aspect of the disclosed implementations to the examples
illustrated. For purposes of the present detailed description, the singular includes the plural
and vice versa (unless specifically disclaimed); the words “and” and “or” shall be both
conjunctive and disjunctive; the word “all” means “any and all”’; the word “any” means “any
and all”; and the word “including” means “including without limitation.” For purposes of the
present detailed description and accompanying figures, terms defined below and used
throughout that include numbers separated by commas or numbers separated by hyphens, but

otherwise identical, refer to the same term and such notations are interchangeable. For
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example, igy 1 1s identical in meaning to ig;-1, as further discussed below and as shown in the
figures.

[0113] The bare or second electrode, as described and used herein, can be an electrode
without any added reagent chemistry, or with one or more added inert materials. The bare
electrode can also include added reagent chemistry that is not for the target analyte, in
contrast to the working or first electrode described throughout as having reagent chemistry
for the target analyte.

[0114] Relaxation, as described and used herein, can mean that the electrode of interest has
no input signal for excitation, such as in the case of an open circuit. Relaxation can also
mean that the biosensor system, as a whole, has no input signal for all electrodes. During
intertwining, one electrode can be in relaxation while the other electrode is in excitation, and
vice versa. However, the biosensor system cannot be in relaxation until both electrodes (or
all electrodes, in the case of more than two electrodes) are in relaxation. For the working
electrode having added reagent chemistry for the target analyte, as discussed in detail below,
the relaxation for that particular electrode is the incubation time where the measureable
species is generated from the enzyme activated chemical reaction without external influence,
such as the electrochemical reaction. For the working electrode having no added reagent
chemistry for the target analyte, as discussed in detail below, the relaxation time of the
electrode is when all electrochemically active species (oxidizable and reducible) replenish by
diffusion to a depletion layer during the input of an signal to the electrode.

[0115] FIG. 1 depicts a schematic representation of a biosensor system 100 that determines
an analyte concentration in a sample of a biological fluid, in accord with aspects of the
present disclosure. The biosensor system 100 includes a measurement device 102 and a test
sensor 104, which can be implemented in any analytical instrument, including a bench-top
device, a portable or hand-held device, or the like. The measurement device 102 and the test
sensor 104 can be adapted to implement an electrochemical sensor system or the like. The
biosensor system 100 adjusts one or more correlations for determining an analyte
concentration of a sample based on parameters, such as one or more error parameters,
generated in response to intertwined input signals applied to the sample. As explained in
more detail below, the adjusted correlations based on the intertwined input signals improve
the measurement performance of the biosensor system 100, for accuracy or speed or both, in

determining the analyte concentration of the sample.
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[0116] The biosensor system 100 can be utilized to determine concentrations of one or more
various analytes within a sample, including one or more of glucose, UA, lactate, cholesterol,
BRB, and the like. While a particular configuration is shown, the biosensor system 100 can
have other configurations, including those with additional components, without departing
from the spirit and scope of the present disclosure.

[0117] The test sensor 104 has a base 106 that forms a reservoir 108 and a channel 110 with
an opening 112. The reservoir 108 and the channel 110 can be covered by a lid with a vent.
Alternatively, the reservoir can be covered with a spacer and a lid with a vent. The reservoir
108 defines a partially-enclosed volume. The reservoir 108 can contain a composition that
assists in retaining a liquid sample, such as water-swellable polymers or porous polymer
matrices. The test sensor 104 can have other configurations without departing from the spirit
and scope of the present disclosure. The test sensor 104 can be configured to analyze, for
example, a single drop of WB, such as from 1-15 microliters (uL) in volume. In use, a liquid
sample for analysis is transferred into the reservoir 108 by introducing the liquid to the
opening 112. The liquid sample flows through the channel 110, filling the reservoir 108
while expelling the previously contained air.

[0118] The test sensor 104 includes at least three electrodes, namely a working electrode 114,
a counter electrode 116, and a bare electrode 118. However, in some aspects, the test sensor
104 can include a different number of electrodes, such as more than three electrodes,
including more than one working electrode 114, more than one counter electrode 116, and/or
more than one bare electrode 118. By way of example, and without limitation, the test sensor
104 can include two counter electrodes 116, with the two counter electrodes 116 separately
paired with the working electrode 114 and the bare electrode 118.

[0119] The working electrode 114 can include one or more reagents, such as one or more
enzymes, binders, mediators, and like species. One or more of the reagents react with and
transfer electrons from the analyte during the analysis and, thus, facilitate in the redox
reaction of an analyte within the sample. The measurement device 102 can then measure and
record the electrons as current and/or voltage passing through the test sensor 104, and
translate the current and/or voltage into a measure of the analyte concentration of the sample.
[0120] An enzyme or similar species included with the reagents enhances the electron
transfer from a first species to a second species during the redox reaction. The enzyme or
similar species may react with the analyte, thus providing specificity to a portion of the
generated output signal. A mediator can be used to maintain the oxidation state of the

enzyme. Thus, in the case of the working electrode 114 with the enzyme and the mediator,
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the working electrode 114 is where the analyte undergoes electrochemical reaction. The
counter electrode 116 is where the opposite electrochemical reaction occurs, which allows
current to flow between the working electrode 114 and the counter electrode 116. Thus, if
oxidation occurs at the working electrode 114, reduction occurs at the counter electrode 116.

[0121] Table 1 below provides non-limiting combinations of enzymes and mediators for use

with specific analytes, where MLB is 3-(2’, 5’-phenylimino)-3H-phenothiazinedisulfonic

acid.

Analyte Enzyme Mediator
Glucose Glucose Oxidase Ferricyanide
Glucose Glucose Dehydrogenase Ferricyanide/MLB
Cholesterol Cholesterol Ferricyanide
Lactate Lactate Oxidase Ferricyanide

UA Uricase Ferricyanide
Alcohol Alcohol Oxidase Phenylenediamine

Table 1 — Analyte, enzyme, and mediator combinations

[0122] The binder included with the reagent can include various types and molecular weights
of polymers, such as carboxyl methyl cellulose (CMC), HEC (hydroxyl ethyl cellulose),
and/or polyethylene oxide (PEO). In addition to binding the reagents together, the binder
may assist in filtering red blood cells, preventing or inhibiting them from coating the surface
of the working electrode 114, such as in the case of a blood glucose monitoring device.

[0123] In contrast, the bare electrode 118 does not include the one or more reagents that
facilitate in the redox reaction of an analyte that is the focus of the biosensor system. Thus,
although described as “bare,” the bare electrode 118 merely does not include the same or
identical one or more reagents that facilitate in the redox reaction of the analyte that are
included on the working electrode 114. The bare electrode 118 can include other reagents
that facilitate in the redox reaction of other species within the sample, besides the analyte of
interest. Alternatively, the bare electrode 118 can merely be a bare conductor without any
reagent whatsoever thereon or therein.

[0124] The bare electrode 118 can be arranged upstream from the working electrode 114 so
that the effects of the one or more reagents on the working electrode 114 do not affect, or
have minimal effect on, the electrical responses of the bare electrode 118. Alternatively, in
some aspects, the working electrode 114 and the bare electrode 118 can be arranged in

separate reservoirs 108 with substantial chemical isolation. Accordingly, the analyte that is
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the focus of the concentration determination of the biosensor system 100 responds to a
current or voltage applied to the working electrode 114 based on the working electrode 114
having the one or more reagents. The analyte does not respond, or responds minimally, to a
current or voltage applied to the bare electrode 118 based on the bare electrode 118 not
having the one or more reagents.

[0125] The electrodes 114-118 can be substantially in the same plane or in more than one
plane. The electrodes 114-118 can be disposed on a surface of the base 106 that forms the
reservoir 108. The electrodes 114-118 can extend or project into the reservoir 108.

[0126] The test sensor 104 further includes a sample interface 120 that has conductors
connected to the working electrode 114, the counter electrode 116, and the bare electrode
118. An output signal, such as a first output signal or a working output signal, can be
measured from one or both of the conductors connected to the working electrode 114 and the
counter electrode 116. Another output signal, such as a second output signal or a bare output
signal, can be measured from one or both of the counter electrode 116 and the bare electrode
118.

[0127] The measurement device 102 includes electrical circuitry 122 connected to a sensor
interface 124 and a display 126. The electrical circuitry 122 includes a processor 128
connected to a signal generator 130, an optional temperature sensor 132, and a storage
medium 134. The display 126 can be analog or digital. The display 126 can include an LCD
(liquid crystal display), an LED (light emitting device), an OLED (organic light emitting
device), a vacuum fluorescent, electrophoretic display (ED), or other display adapted to show
a numerical reading. Other electronic displays can be used. The display 126 electrically
communicates with the processor 128. The display 126 can be separate from the
measurement device 102, such as when in wireless communication with the processor 128.
Alternatively, the display 126 can be removed from the measurement device 102, such as
when the measurement device 102 electrically communicates with a remote computing
device, medication dosing pump, and the like.

[0128] The signal generator 130 provides one or more electrical input signals to the sensor
interface 124 in response to the processor 128. The electrical input signals can be transmitted
by the sensor interface 124 to the sample interface 120 to apply the electrical input signals to
the sample of the biological fluid. The electrical input signals can be a potential or a current
and can be constant, variable, or a combination thereof, as further described below. The
electrical input signals can be applied as a single pulse or in multiple pulses, sequences, or

cycles. As discussed in detail below, the electrical input signals are preferably applied in
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multiple intertwined pulses. The signal generator 130 also can record one or more output
signals from the sensor interface 124 as a generator-recorder.

[0129] The optional temperature sensor 132 determines the temperature of the biosensor
system, including the device and the sample in the reservoir 108 of the test sensor 104. The
temperature of the sample can be measured, calculated from the output signal, or assumed to
be the same or similar to a measurement of the ambient temperature or the temperature of a
device implementing the biosensor system 100. The temperature can be measured using a
thermistor, thermometer, or other temperature sensing device. Other techniques can be used
to determine the sample temperature.

[0130] The storage medium 134 can be a magnetic, optical, or semiconductor memory,
another electronic storage device, or the like. The storage medium 134 can be a fixed
memory device, a removable memory device, such as a memory card, remotely accessed, or
the like.

[0131] The electronic processor 128 implements the analyte analysis and data treatment using
computer-readable software code and data stored in the storage medium 134. The processor
128 can start the analyte analysis in response to the presence of the test sensor 104 at the
sensor interface 124, the application of a sample to the test sensor 104, in response to user
input, or the like. The processor 128 directs the signal generator 130 to provide the electrical
input signals to the sensor interface 124. The processor 128 receives the output signals from
the sensor interface 124. At least some of the output signals are generated in response to the
input signals applied to the sample. Other output signals can be generated based on other
characteristics, such as the temperature of the sample. In response to the output signals, the
processor 128 adjusts one or more correlations for determining an analyte concentration.
[0132] More specifically, any system or method disclosed herein, including the biosensor
system 100, can determine a concentration of an analyte within a sample by adjusting one or
more analyte concentration correlations based on one or more error parameters, one or more
predictor functions, one or more index functions, including one or more complex index
functions, and the like extracted and/or generated from an output signal, such as disclosed in
U.S. Patent No. 9,164,076, filed May 27, 2011, entitled “Slope-Based Compensation
Including Secondary Output Signals,” U.S. Patent No. 8,744,776, filed June 6, 2011, entitled
“Method for Determining Analyte Concentration Based on Complex Index Functions,”
International Application No. PCT/US2009/067150, filed December 8, 2009, entitled,
“Biosensor System With Signal Adjustment,” and International Application No.
PCT/US2008/085768, filed December 6, 2008, entitled, “Slope-Based Compensation.”
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[0133] As discussed in the above-three references, the %-bias in the correlation of analyte
concentrations with output signals can be represented by one or more slope deviations
obtained from one or more error parameters. Error containing portions of output signals are
reflected in the deviation between the hypothetical slope of the output signals and the slope of
a reference correlation. By determining one or more values reflecting this deviation in slope
from one or more error parameters, the measurement performance of an analysis can be
improved. Predictor functions, index functions, and/or complex index functions correspond
to the %-bias in the correlation between the analyte concentrations and the output signals due
to one or more errors in the analysis.

[0134] Predictor functions generate correction values to compensate for error from one or
more error sources to determine the target analyte concentration in the analyte concentration
analysis. Such error can result in bias of the determined analyte concentrations. One or more
predictor functions can be used. A predictor function that perfectly correlates with the total
slope deviation would provide an ultimate total error compensation of the analyte
concentration. Such a hypothetical, perfectly correlated predictor function could be used to
compensate for all errors in the analysis without having to know the exact cause of the total
slope deviation and, thus, the bias of the measured analyte concentration. Predictor functions
include at least one index function, and one or more of the index functions can be complex.
[0135] An index function is responsive to at least one error parameter. An index function can
be a calculated number that correlates with an error parameter and represents the influence of
this error parameter on bias. Index functions can be experimentally determined as a
regression or other equation representing the relationship between the deviation from a
reference slope and the error parameter. Thus, the index function represents the influence of
the error parameter on the slope deviation. Complex index functions include combinations of
terms modified by weighting coefficients. The terms included in the complex index function
can be selected with one or more exclusion tests.

[0136] Error parameters are responsive to error from one or more error sources in the output
signal. Error parameters can be values from the analysis of the analyte, such as the one or
more output signals, one or more portions of the output signals, or from other signals
independent of the output signals, such as from thermocouple currents or voltages, and the
like. Thus, the error parameters can be extracted directly or indirectly from the output
signals. Any error parameter can be used to form the term or terms that make up the index

function.
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[0137] Slope deviations can be normalized to reduce the statistical effect of changes in the
output signals, improve the differentiation in variations of the output signals, standardize the
measurements of the output signals, a combination thereof, or the like. Since the slope
deviation can be normalized, an index function also can be expressed in terms of the
normalized slope deviation as a function of error parameters as generated from a multi-
variable regression. In normalization, the slope deviation, index function, or other parameter
is adjusted (multiplied, divided, or the like) by a variable to reduce the statistical effect of
changes in the parameter, improve the differentiation in variations of the parameter,
standardize measurements of the parameter, a combination thereof, or the like. The greater
the correlation between a predictor or index function, and slope deviation, the better the
function is at correcting error in the analysis.

[0138] An index function is complex when the function includes a combination of terms
modified by weighing coefficients. The combination is preferably a linear combination, but
other combination methods can be used that provide weighing coefficients for the terms.
Each term can include one or more error parameters.

[0139] Applying the intertwined input signals to a test strip through a biosensor system
provides information about the target analyte concentration, and also information about the
target analyte in relation to the sample types, sample profiles, and/or sample environments in
terms of potential interference species, endogenous species, and their interactions with the
target analyte.

[0140] FIGS. 2A-2C are graphs illustrating exemplary intertwined input signals for an
electrochemical biosensor system, such as the system 100 of FIG. 1, in accord with aspects of
the present disclosure. More specifically, FIG. 2A shows three input signals, represented by
the labels M, G, and Hct. As described in relation to the biosensor system 100 of FIG. 1, the
first input signal M includes electrical pulses (or simply pulses) of constant potential
(voltage) applied across the working electrode 114 and the counter electrode 116. However,
the first input signal can be applied to any biosensor system with a working electrode and a
counter electrode as described herein. In some aspects, the first input signal can be described
as a working input signal based on the signal being applied to the sample via the working
electrode 114.

[0141] As shown, the first input signal M includes six pulses, which will be referred to here
in the order in which they appear from left to right on the graph as M;, M, M3, My, M3, and

M. The pulse M; has a potential of 0.5 volt (V), the pulse M, has a potential of 0.35 V, and
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the remaining pulses M3 to Mg have potentials of 0.25 V. Because the pulses of the first
input signal M are applied via the working electrode 114 with the one or more reagents, the
pulses of the first input signal M probe the analyte in the sample, either directly or indirectly
through a mediator or other measureable species.

[0142] The second input signal G also includes pulses of constant potential. However, as
described in relation to the biosensor system 100 of FIG. 1, the pulses of the second input
signal G are applied across the bare electrode 118 and the counter electrode 116. However,
the second input signal can be applied to any biosensor system with a bare electrode and a
counter electrode as described herein. In some aspects, the second input signal can be
described as a bare input signal because the second input signal is applied via the bare
electrode 118.

[0143] As shown, the second input signal G includes four pulses, which will be referred to

here in the order in which they appear from left to right on the graph as Gy, G;, Gs, and Gy.
The pulse Gj has a potential of 0.25 V, the pulse G, has a potential of 0.35V, the pulse G3

has a potential of 0.5 V, and the pulse G4 has a potential of 1.0 V. Because the bare electrode

118 does not include one or more reagents that are responsive to the target analyte within the
sample, the pulses of the second input signal G applied via the bare electrode 118 do not
probe the target analyte targeted by the working electrode 114 in the sample. Instead, the
pulses of the second input signal G applied via the bare electrode 118 probe the other species
in the sample across the electrochemical detection window, including potential interference
species in the sample as described in further detail below. Thus, measurements based on the
bare electrode 118 are sensitive mostly to other oxidizable species at various potentials and
not the target analyte being analyzed by the first input signal M and the working electrode
114. The resulting measurements in response to the second input signal applied via the bare
electrode 118 could otherwise be incorrectly measured as contributions to the enzyme
reaction at the working electrode 114, despite the resulting measurements not being related to
the concentration of the analyte. Accordingly, analysis of and error parameters based on the
second input signal G, alone or in combination with analysis of and error parameters based on
the first input signal M, allow for compensation of the determination of the concentration of
the analyte that previously could not take into account the entire electrochemical detection
window.

[0144] The third input signal Hct is a single pulse for determining the hematocrit level of the

sample, in the case of a WB sample. As described in relation to the biosensor system 100 of
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FIG. 1, the single pulse of the third input signal Hct is a constant voltage of 2.5 V applied
across the bare electrode 118 and the combination of the counter electrode 116 and the
working electrode 114. Alternatively, the single pulse of the third input signal Hct instead
can be applied across the bare electrode 118 and the counter electrode 116, with the working
electrode 114 in an open state. Although described as three separate input signals, the second
input signal and the third input signal can instead be considered as a single input signal, such
as the second input signal including the pulses G1-Gy and the pulse Hct for determining the
hematocrit level.

[0145] As shown, the pulses of the first and second input signals are nonconcurrent (e.g., the
first and second signals are not maximally energized at the same time, or no maximum
voltage of the first input signal overlaps any maximum voltage of the second input signal).
Moreover, each pulse of the first input signal is separated by the next pulse of the first input
signal by a pulse of the second input signal. Based on the pulses of the first and second input
signals being nonconcurrent, and a pulse of the second input signal separating the pulses of
the first input signal, the pulses of the first and second input signals are described as being
intertwined.

[0146] When not applying a voltage pulse, the working electrode 114 and the bare electrode
118 can be in an open circuit state. Thus, during pulses of the first input signal, the bare
electrode 118 can be in an open circuit state, and during pulses of the second input signal, the
working electrode 114 can be in an open circuit state.

[0147] As shown, each pulse of the first and second input signals is followed by an electrical
relaxation, or simply a relaxation. Specifically, each pulse of the first input signal is
immediately followed by a relaxation, such as no input potential (or open circuit), for the first
input signal, and each pulse of the second input signal is immediately followed by a
relaxation, such as zero potential (or open circuit), for the second input signal. The periods
between pulses of the same input signal can be considered relaxations of that particular
signal. The periods between pulses of all input signals, i.e., where there is no pulse, can be
considered relaxations of the system 100. Thus, after a pulse of the first input signal is a
relaxation of the first input signal until the next pulse of the first input signal. As shown in
FIG. 2A, after a pulse of the first input signal is a relaxation of the system until the next pulse
of the second input signal. The combination of a pulse followed by a relaxation within the
first or second input signal can be a duty cycle. The first and second input signals, therefore,

can include a plurality of duty cycles of pulses followed by relaxations.
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[0148] Although described as the working electrode 114 or the bare electrode 118 being in an
open state during a relaxation, or having a zero potential applied across the working electrode
114 and/or bare electrode 118, the relaxations of the working electrode 114 and the bare
electrode 118 do not require that the electrodes 114 and 118 be in an open state. In some
aspects, a current passing through the working electrode 114 and the bare electrode 118 can
be at least half as much current as in a closed state and still be considered in a relaxation
period. Alternatively, a working or bare electrode can be considered to be in a relaxation
period or state when the potential applied to the electrode is lower than a redox potential of
the target analyte or species, as the case may be. Alternatively, a working or bare electrode
can be considered to be in a relaxation period or state when the current is reduced to at least
one-half the current flow at the excitation maxima or by at least an order of magnitude in
relation to the current flow at the excitation maxima.

[0149] Each pulse, as well as each relaxation, has a width, also referred to as a pulse width
and a relaxation width, respectively. A pulse and relaxation pair defines a duty cycle. For
each duty cycle, the pulse and relaxation widths combined are a duty cycle width or duty
cycle period. The pulse widths for the pulses of the first input signal can all have the same
width, can all have different widths, or can have combinations of the same and different
widths. Similarly, the relaxation widths for the relaxations of the first input signal can all
have the same width, can all have different widths, or can have combinations of the same and
different widths. The pulse widths and the relaxation widths of the duty cycles of the first
input signal can be the same width or can be different widths. In addition, the widths or
periods of the duty cycle of the first input signal can be the same width or be different widths.
[0150] Similarly, the pulse widths for the pulses of the second input signal can all have the
same width, can all have different widths, or can have combinations of the same and different
widths. Similarly, the relaxation widths for the relaxations of the second input signal can all
have the same width, can all have different widths, or can have combinations of the same and
different widths. The pulse widths and the relaxation widths of the duty cycles of the second
input signal can be the same width or can be different widths. In addition, the widths or
periods of the duty cycle of the second input signal can be the same width or be different
widths. Again, according to some aspects, the application of maximum electrical energy to
the first and second input signals occurs non-concurrently. What is emphasized is that the
electrical energy applied to the electrodes according to the present disclosure is not

necessarily limited to any particular shape, amplitude, or duration.
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[0151] For the first input signal shown in FIG. 2A, the pulse widths of the pulses M; and M,
are 0.2 second (s) and the pulse widths of the pulses M3, My, Ms, and Mg are 0.25 s. For the
second input signal, the pulse widths for the pulses Gy, Gy, Gz, and G4 are 0.2 s. The
relaxation widths of the first input signal are 0.2's, 0.35 s, 0.35 s, 0.35 s, and 0.35 s after the

pulses M -Ms, respectively. The relaxation widths of the second input signal are 0.4 s, 0.4 s,

0.4 s, and 0.35 s after the pulses G1-Gy, respectively. The pulse width of the hematocrit pulse
is02s.

[0152] The graph shown in FIG. 2A is just one example of intertwined first and second input
signals, in accord with aspects of the present disclosure. In a more general case, the first and
second input signals can have fewer pulses, while still including intertwined first and second
input signals.

[0153] FIG. 2B shows a graph illustrating alternative exemplary intertwined input signals for
an electrochemical biosensor system, such as the system 100 of FIG. 1, in accord with aspects
of the present disclosure. More specifically, FIG. 2B shows two input signals, represented by
the labels WE1 and WE2, where WEI refers to the first input signal, as described herein, and
WE2 refers to the second input signal, as described herein. Thus, as described in relation to
the biosensor system 100 of FIG. 1, the first input signal WE1 includes two pulses of constant
potential (voltage) applied across the working electrode 114 and the counter electrode 116.
As described in relation to the biosensor system 100 of FIG. 1, the second input signal WE2
includes one pulse of constant potential (voltage) applied across the bare electrode 118 and
the counter electrode 116. The pulses of the first input signal WE1 from left to right have
potentials of 0.5 V and 0.35 V, and the pulse of the second input signal WE2 has a potential
of 0.15 V.

[0154] Because the pulse of the second input signal WE2 separates the two pulses of the first
input signal WE1, and the working electrode 114 is in a state of relaxation at least during the
pulse of the second input signal WE2, the pulses of the first and second input signals WE1
and WE2 are intertwined, as described herein. Thus, the graph shown in FIG. 2B can be
considered one of the broadest applications of intertwined first and second input signals.
[0155] FIG. 2C shows a graph illustrating yet further alternative exemplary intertwined input
signals for an electrochemical biosensor system, such as the system 100 of FIG. 1, in accord
with aspects of the present disclosure. More specifically, FIG. 2C shows two input signals,
represented by the labels WE1 and WE2, where WEI refers to the first input signal, as

described herein, and WE2 refers to the second input signal, as described herein. Thus, as
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described in relation to the biosensor system 100 of FIG. 1, the first input signal WEI1
includes two pulses of constant potential (voltage) applied across the working electrode 114
and the counter electrode 116. As described in relation to the biosensor system 100 of FIG.
1, the second input signal WE2 includes two pulses of constant potential (voltage) applied
across the bare electrode 118 and the counter electrode 116. The pulses of the second input
signal WE2 from left to right have potentials of 0.15 V and 0.25 V, and the pulses of the
second input signal WE2 from left to right have potentials of 0.35 V and 0.25 V.

[0156] Again, because at least the second pulse of the second input signal WE2 separates the
two pulses of the first input signal WEI1, and the working electrode 114 is in a state of
relaxation at least during the second pulse of the second input signal WE2, the pulses of the
first and second input signals WE1 and WE2 are intertwined, as described herein. The graph
shown in FIG. 2C can be considered another application of intertwined first and second input
signals.

[0157] FIG. 2A-2C illustrate just some examples of intertwined first and second input signals
that can be applied to a sample for determining a concentration of a target analyte in the
sample. One or more characteristics of the first and/or second input signals shown in FIGS.
2A-2C can be varied without departing from the spirit and scope of the present disclosure.
[0158] In some aspects, the total numbers of pulses of the first and/or second input signals
can vary from the numbers of pulses illustrated in FIGS. 2A-2C. As compared to FIG. 2A,
the first input signal can have more or less than six pulses. In some aspects, the first input
signal can have two pulses (as shown in FIGS. 2B and 2C), three pulses, four pulses, five
pulses, seven pulses, eight pulses, nine pulses, or more. Similarly, as compared to FIG. 2A,
the second input signal can have more or less than four pulses. In some aspects, the second
input signal can have one pulse (as shown in FIG. 2B, during a relaxation of the first input
signal) two pulses (as shown in FIG. 2C, with at least one pulse during a relaxation of the
first input signal), three pulses, four pulses, five pulses, six pulses, seven pulses, eight pulses,
nine pulses, or more pulses.

[0159] FIG. 3 is a graph illustrating an alternative application of intertwined input signals for
an electrochemical biosensor system, such as the system 100 of FIG. 1, in accord with
additional aspects of the present disclosure. FIG. 3 includes three input signals represented
by the labels M, G, and Hct. Like in FIG. 2A, the first input signal M of FIG. 3 includes
pulses of constant potential applied across the working electrode 114 and the counter
electrode 116, and the second input signal G of FIG. 3 also includes pulses of constant

voltage applied across the bare electrode 118 and the counter electrode 116, in relation to the
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system 100 of FIG. 1. The first input signal M of FIG. 3 includes nine pulses, which will be
referred to here in the order in which they appear from left to right on the graph as M;, M,
M3, My, M5, Mg, M7, Mg, and My. The potentials for the pulses of the first input signal M

can be, for example, 0.5V and 035V for the first and second pulses, respectively, and

0.25 V for the remaining pulses. The second input signal G includes eight pulses, which will
be referred to here in the order in which they appear from left to right on the graph as Gy, G,

G3, Gy, Gs, G, Gy, and Gg. The potentials for the pulses of the second input signal G can be,
for example and from left to right, 025V, 035V, 045V, 055V, 065V, 075V, 085V,
and 0.95 V. Each of the pulses of the second input signal can have a pulse width of 0.15 V
such that the potential change is about 286 mV/s starting from 0.25 V and ending at 0.95 V
within about 2.45 s. At the end is the hematocrit single pulse Hct of FIG. 3.

[0160] Although only one pulse of the second input signal is shown as separating two
adjacent pulses of the first input signal, in some aspects, the second input signal can have
multiple pulses between adjacent pulses of the first input signal. For example, separating
each pulse of the first input signal can be two pulses, three pulses, four pulses, five pulses, or
more pulses of the second input signal. Further, after every pulse of the first input signal can
be the same number of pulses of the second input signal, different numbers of pulses of the
second input signal, or a combination of the same and different numbers of pulses of the
second input signal.

[0161] Where multiple pulses of the second input signal separate two adjacent pulses of the
first input signal, the multiple pulses of the second input signal are each separated by
relaxations of the second input signal such that, for example, N pulses of the second input
signal that separate two adjacent pulses of the first input signal include N-1 relaxations of the
second input signal. The multiple pulses and at least one relaxation of the second input signal
between the two pulses of the first input signal can be considered as a single duty cycle of the
second input signal, or each pair of pulse and relaxation can be considered a single duty cycle
of the second input signal such that multiple duty cycles of the second input signal can
separate the two pulses of the first input signal.

[0162] The input signals of FIG. 2A are applied to the sample within about 3.2 s. Where
there are more pulses for the first and/or second input signals than in FIG. 2A, the first and
second input signals can be applied to the sample over the same amount of time, as illustrated
in FIG. 3, or a different amount of time. In some aspects, a greater number of pulses for the

first and/or second input signals can be applied within a shorter amount of time, or a longer
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amount of time, than the amount of time shown in FIGS. 2A and 3. Similarly, where there
are fewer pulses for the first and/or second input signals than in FIG. 2A, the first and second
input signals can be applied to the sample over the same amount of time or a different amount
of time. In some aspects, a fewer number of pulses for the first and/or second input signals
can be applied within a shorter amount of time, or a longer amount of time, than the amount
of time shown in FIGS. 2A and 3. Based on there being intertwined first and second input
signals, the total amount of time of application of the first and second input signals can be
reduced, as compared to conventional biosensor systems, while still maintaining the same or
a higher level of accuracy and precision.

[0163] As tangentially described above in relation to FIG. 3, in some aspects, the potentials
of the pulses of the first and/or second input signals can vary from the potentials of the pulses
illustrated in FIG. 2A. Each pulse of the first input signal can be different or the same
intensity or amplitude as one or more other pulses of the first input signal. Similarly, each
pulse of the second input signal can be different or the same intensity or amplitude as one or
more other pulses of the second input signal. The potential of the first input signal is
configured to sample the redox potential of the analyte in combination with the one or more
reagents. Accordingly, for detecting the concentration of glucose in a WB sample, as an
example, the potentials of the first input signal can be predominately about 0.25 V relative to
the counter electrode in the sensor (e.g., the redox potential of the mediator), with one or
more initial pulses at higher or lower potentials to prepare the system for sampling.

[0164] The second input signal can be used to sample the range of redox potentials of species
within the sample besides the target analyte or related measureable species. Accordingly, the
potentials of the second input signal can vary based on the intended and/or expected range of
the redox potentials of other species in the sample. For example, the potentials of the pulses
can vary from 0.01 V to 2.5 V, with varying levels of granularity.

[0165] By way of example, FIG. 4 is a graph illustrating an alternative application of
intertwined input signals for an electrochemical biosensor system, such as the system 100 of
FIG. 1, in accord with additional aspects of the present disclosure. FIG. 4 includes three
input signals represented by the labels M, G, and Hct. Like before, the first input signal M
includes pulses of constant potential applied across the working electrode 114 and the counter
electrode 116, and the second input signal G also includes pulses of constant potential applied
across the bare electrode 118 and the counter electrode 116, in relation to the system 100 of

FIG. 1. The first input signal is identical to the first input signal of FIG. 2A. However, each
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pulse of the second input signal of FIG. 4 has the same potential. At the end is the hematocrit
single pulse Hct.

[0166] In some aspects, the length of time over which the first and second input signals are
applied to the sample can be shortened or lengthened. The length of time can be shortened or
lengthened by varying the pulse widths and/or the relaxation widths for one or more of the
pulses of one or more of the first and second input signals. By way of example, the width of
each relaxation of the first and second input signals can be shortened to reduce the overall
time required to apply the first and second input signals to the sample. The length of time
can be shortened or lengthened alternatively or additionally by varying the number of pulses
of the first and/or second input signals.

[0167] By way of example, FIG. 5 is a graph illustrating an alternative application of
intertwined input signals for an electrochemical biosensor system, such as the system 100 of
FIG. 1, in accord with additional aspects of the present disclosure. FIG. 5 includes three
input signals represented by the labels M, G, and Hct, where, like before, the first input signal
M includes pulses of constant potential applied across the working electrode 114 and the
counter electrode 116 in relation to the system 100 of FIG. 1. The first and second input
signals are identical to the first and second input signals of FIG. 2A. However, the first and
second input signals are applied to the sample over a shorter period of time. As opposed to
the 3.2s of FIG. 2A, the first and second input signals of FIG. 5 are applied within 2.2 s,
which includes the Hct pulse.

[0168] Based on the intertwining of the first and second input signals, the amount of time
required for applying the intertwined input signals to the sample can be reduced as compared
to conventional biosensor systems that do not include intertwined input signals. However,
the reduction in time does not suffer from a commensurate reduction in accuracy and/or
precision. Rather, information measured and/or collected in response to the intertwined
second input signal, alone or in combination with information measured and/or collected in
response to the first input signal, allows for faster analysis times with similar or even
improved accuracy and precision.

[0169] FIG. 6A is a graph illustrating an alternative application of intertwined input signals
for an electrochemical biosensor system, such as the system 100 of FIG. 1, in accord with
additional aspects of the present disclosure. FIG. 6A includes three input signals represented
by the labels M, G, and Hct. Like in FIG. 2A, the first input signal M includes pulses of

constant potential applied across the working electrode 114 and the counter electrode 116,
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and the second input signal G also includes pulses of constant potential applied across the
bare electrode 118 and the counter electrode 116, in relation to the system 100 of FIG. 1.

[0170] As shown, the first input signal M includes six pulses, which will be referred to here

in the order in which they appear from left to right on the graph as M;, M, M3, My, M3, and
Mg. The pulse My has a potential of 0.5 V, the pulse M; has a potential of 0.35 V, and the

remaining pulses M3 to Mg have potentials of 0.25 V. Because the pulses of the first input
signal M are applied via the working electrode 114 with the one or more reagents, the pulses
of the first input signal M probe the target analyte in the sample, either directly or indirectly
through a mediator or other measureable species.

[0171] As shown, the second input signal G includes five pulses, which will be referred to

here in the order in which they appear from left to right on the graph as G|, Gy, G3, Gy, and
Gs. The pulse Gy has a potential of 0.25 V, the pulse G, has a potential of 0.35 V, the pulse

G3 has a potential of 0.5V, the pulse G4 has a potential of 0.75 V, and the pulse Gs has a
potential of 1.0 V. Because the bare electrode 118 does not include one or more reagents that
are responsive to the target analyte within the sample, the pulses of the second input signal G
applied via the bare electrode 118 do not probe the target analyte that is targeted by the
working electrode 114 in the sample. Instead, the pulses of the second input signal G applied
via the bare electrode 118 probe the other species in the sample across the electrochemical
detection window, including potential interference species in the sample as described in
further detail below.

[0172] The third input signal Hct is a single pulse for determining the hematocrit level of the
sample, in the case of a WB sample. As described in relation to the biosensor system 100 of
FIG. 1, the single pulse of the third input signal Hct is a constant voltage of 2.5 V applied
across the bare electrode 118 and the combination of the counter electrode 116 and the
working electrode 114. Alternatively, the single pulse of the third input signal Hct can
instead be applied across the bare electrode 118 and the counter electrode 116, with the
working electrode 114 in an open state. Although described as three separate input signals,
the second input signal and the third input signal can instead be considered a single input
signal, such as the second input signal including the pulses G-Gs and the pulse Hct for
determining the hematocrit level.

[0173] After each pulse of the working electrode 114 during the first input signal is a

relaxation of the working electrode 114 until the next pulse of the working electrode 114 of
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the first input signal. Similarly, after each pulse of the bare electrode 118 during the second
input signal is a relaxation of the bare electrode 118. As shown, after each pulse of the
working electrode 114 and the bare electrode 118 is a relaxation of the system 100, until the
final pulse of the working electrode Mg. The relaxations of the system 100 are shown
because portions of the relaxations of both the working electrode 114 (first input signal) and
the bare electrode 118 (second input signal) overlap. That is, each gap between the pulses of
the working electrode 114 and the pulses of the bare electrode 118 is a relaxation of the
system 100.

[0174] Because the intertwined input signals shown in FIG. 6A include relaxations of the
system 100, if a period or a duty cycle of the intertwined input signals is defined as beginning
at the beginning of a pulse of the working electrode 114 and ending at the beginning of the
next pulse of the working electrode 114, each period or duty cycle includes two system
relaxations. Other aspects of the present disclosure, however, include intertwined input
signals that do not require relaxations of the system.

[0175] FIG. 6B is a graph illustrating an alternative application of intertwined input signals
for an electrochemical biosensor system, such as the system 100 of FIG. 1, in which there are
no relaxations of the system 100, in accord with additional aspects of the present disclosure.
The intertwined inputs signals are identical to the signals shown in FIG. 6A, except that the
pulse widths of the pulses of the bare electrode 118 are lengthened so that there are no system
relaxations after each pulse of the working electrode 114 and after each pulse of the bare
electrode 118. However, the intertwined input signals of FIG. 6B still include the relaxations
of the working electrode 114 after each pulse of the working electrode 114 and up to the next
pulse of the working electrode 114, and the relaxations of the bare electrode 118 after each
pulse of the bare electrode 118 and up to the next pulse of the bare electrode 118.

[0176] Although the pulse widths of the pulses of the bare electrode 118 can be lengthened to
achieve no relaxations of the system, alternatively, the pulse widths of the pulses of the
working electrode 114 can be lengthened, or the pulse widths of the pulses of both the
working electrode 114 and the bare electrode 118 can be lengthened to achieve no relaxations
of the system.

[0177] Again, the intertwined input signals shown in FIG. 6A include two relaxations of the
system 100 for each period or duty cycle of the intertwined input signals defined as beginning

at the beginning of a pulse of the working electrode 114 and ending at the beginning of the
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next pulse of the working electrode 114. In some aspects, the intertwined input signals can
include a single relaxation of the system 100 for each period or duty cycle.

[0178] FIG. 6C is a graph illustrating an alternative application of intertwined input signals
for an electrochemical biosensor system, such as the system 100 of FIG. 1, in which there is
only one system relaxation for each period or duty cycle, in accord with additional aspects of
the present disclosure. The intertwined inputs signals are identical to the signals shown in
FIG. 6A, except that the pulses of the bare electrode 118 are shifted to occur immediately
before the next pulse of the working electrode 114 such that there is no system relaxation
between the pulse of the bare electrode 118 and the next pulse of the working electrode 114.
However, there is a system relaxation between a previous pulse of the working electrode 114
and the next pulse of the bare electrode 118 that separates adjacent pulses of the working
electrode 114. The intertwined input signals of FIG. 6C still include the relaxations of the
working electrode 114 after each pulse of the working electrode 114 and up to the next pulse
of the working electrode 114, and the relaxations of the bare electrode 118 after each pulse of
the bare electrode 118 and up to the next pulse of the bare electrode 118.

[0179] Instead of occurring immediately after the pulses of the working electrode 114, the
system relaxations can occur after the pulse of the bare electrode 118. FIG. 6D is a graph
illustrating an alternative application of intertwined input signals for an electrochemical
biosensor system, such as the system 100 of FIG. 1, in which there is only one system
relaxation for each period or duty cycle, in accord with additional aspects of the present
disclosure. The intertwined input signals are identical to the signals shown in FIG. 6C,
except that the pulses of the bare electrode 118 are shifted to occur immediately after a pulse
of the bare electrode 118 such that there is no system relaxation between the pulse of the
working electrode 114 and the next pulse of the bare electrode 118. However, there is a
system relaxation between a previous pulse of the bare electrode 118 and the next pulse of the
working electrode 114 that separates adjacent pulses of the bare electrode 118. The
intertwined input signals of FIG. 6D still include the relaxations of the working electrode 114
after each pulse of the working electrode 114 and up to the next pulse of the working
electrode 114, and the relaxations of the bare electrode 118 after each pulse of the bare
electrode 118 and up to the next pulse of the bare electrode 118.

[0180] Referring back to FIG. 2A, electrical measurements are taken in response to the first
and second input signals, or portions of the first and second input signals. The measurements
of the sample constitute one or more output signals measured by the measurement device

102. Specifically, in response to the first input signal, a first output signal or working output
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signal is measured. In response to the second input signal, a second output signal or bare
output signal is measured. Based on the intertwined first and second input signals, the
resulting first and second output signals also are intertwined.

[0181] FIG. 7 is a graph illustrating intertwined first and second output signals measured in
response to the intertwined first and second input signals of FIG. 2A, in accord with aspects
of the present disclosure. Based on the first and second input signals being constant voltages
applied across the respective electrode pairs, the first and second output signals represent
amperometric measurements of the resultant output currents of the sample responsive to the
first and second input signals.

[0182] Any number of current measurements or values can be measured in response to each
one of the pulses of the first and second input signals. For convenience of explanation, and
as shown in FIG. 7, the specific number of currents described below was measured in
response to the pulses of the first and second input signals.

[0183] With respect the first output signal, four output currents were measured in response to
the first two M pulses M; and M, and five output currents were measured in response to the
last four M pulses M3-Mg. These output currents are designated according to the scheme
ivn L, Where 1 represents a current, M represents that the current is responsive to the first
input signal, N represents the pulse number of the input signal, and L represents the current or
measurement number for that particular pulse number. Thus, for example, iy | represents
the first current for the first pulse of the first input signal, and iy 5 represents the fifth current

for the sixth pulse of the first input signal.

[0184] With respect to the second output signal, four currents were measured in response to
the first four G pulses G1-G4. These currents are designated according to the scheme ign L,

where 1 represents a current, G represents that the current is responsive to the second input

signal, N represents the pulse number of the input signal, and L represents the current or
measurement number for that particular pulse number. Thus, for example, iGy 2 represents
the second current for the second pulse of the second input signal, and ig3 4 represents the

fourth current for the third pulse of the second input signal.
[0185] With respect to the hematocrit portion of the second input signal (or the third input

signal), four current values were measured in response to the single pulse Hct. These

currents are designated according to the scheme ipc 1, where 1 represents a current, Hct
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represents that the current is related to the hematocrit value, and L represents the current or
measurement number for the hematocrit pulse.

[0186] Because the bare electrode 118 does not have a reagent that facilitates an oxidation or
reduction of the target analyte whose concentration is sought to be measured, the current
measurements were relatively constant in response to the second input signal, as shown in
FIG. 7. Instead, the current measurements were indicative mostly of species in the sample
that are unrelated to the oxidization of the analyte. Further, by applying voltage pulses to the
sample at varying potentials for the second input signal, oxidizable species at various
potentials were sampled. Thus, the voltage pulses of the bare electrode 118 during the
second input signal sensed a different analyte target of the sample in a WB sample than the
analyte target sensed by the working electrode 114 during the first input signal, or probe the
WB environment profile through varying potential pulses. Subtle differences from different
blood types of individuals can still exist and be expressed throughout the current responses at
different combinations of pulse potentials, for instance, the ratios of ending currents among
different second input signal pulses.

[0187] Information from the second output signal provides for increased accuracy over
conventional biosensor systems at the same or shorter test times. For instance, the error
parameters generated based on the second output signal, both alone and in combination with
information from the first output signal, complement the error parameters generated based on
the first output signal for error compensation that accounts for interference species oxidized
by the working electrode 114 but unrelated to the concentration of the analyte. Without the
second input signal applied between the bare electrode 118 and the counter electrode 116,
interference species oxidized by the working electrode 114 during the first input signal
cannot be isolated or separated out in the conventional biosensor systems from the oxidation
of the analyte.

[0188] Moreover, applying an intertwined second input signal with a first input signal to a
sample is contrary to conventional approaches in the electrochemical arts as applied to
analyte concentration determination. Conventional approaches have previously attempted to
distinguish the effects of other species in the sample, other than the target analyte, mediator,
or related measureable species, by altering the required potential of the working electrode to
levels that would be unaffected by such other species. Thus, following the thrust of
conventional approaches, one might assume that pulsing the sample with a bare electrode at
potentials spanning the electrochemical detection window would have relatively little or no

effect or influence on the target analyte concentration determination when the redox potential
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of the target analyte, mediator, or related measureable species is at a potential other than
these additional potentials. This appearance of no effect is further evidenced by the relatively
constant responses of the sample to the varying pulses of the second input signal, as shown
by the second output signal in FIG. 7. However, for the reasons discussed herein, a directed
analysis of the second output signal, alone and/or in combination with the first output signal,
actually reveals useful information that allows for a more accurate and/or precise
determination of the target analyte concentration, particularly for shorter assay time periods.
As further discussed below, the shorter assay times that are permitted based on intertwined
first and second input signals also allows for greater linearity in the sample, allowing for
concentration determinations that can exceed well beyond upper limits of conventional
biosensor systems, such as above 600 mg/dL for glucose biosensor systems.

[0189] As described above, based on the current measurements of the first and second output
signals, error parameters can be generated. The error parameters correlate error in measuring
the concentration of the target analyte to known factors that cause deviations from the actual
concentration of the target analyte, such as interference species within the sample. The error
parameters can be various types of parameters depending on how the corresponding
biosensor system is configured, which generates the error from different error sources. For
example, in some aspects, one or more currents of the second output signal can be error
parameters. Additionally, or in the alternative, the error parameters can be based on ratios of
the currents of the first output signal, the second output signal, and/or the first output signal
relative to the second output signal. Error parameters based on the first or second output
signal can be based on intra-pulse ratios or inter-pulse ratios.

[0190] Intra-pulse ratios are ratios based on current measurements in response to the same
pulse. For example, intra-pulse ratios based on current measurements of the first output
signal are designated according to the scheme Ry = inin nn/iMn,1st, Where Ry represents an

intra-pulse ratio for pulse N of the first output signal, nth represents the last current for the

pulse N, and 1st represents the first current for the pulse N. Referring back to FIG. 7, as an
example, the first output signal would include six intra-pulse ratios of Ry = iy 4/im11, Ry =
iM2.4/1M2,1, R3 = 1m3 5/1m3.1, R4 = im4.5/1m4.1, Rs = 1m5,5/1m5,1, and Rg = ime 5/1me,1 for the six
pulses of the first input signal.

[0191] Intra-pulse ratios based on current measurements of the second output signal are
designated according to the scheme RGn = iGN nm/iGN.1st, Where RGy represents an intra-

pulse ratio for pulse N of the second output signal, and the remaining variables represent the
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similar values listed above for the intra-pulse ratio of the first output signal. Referring again
to FIG. 7, the second output signal would include four intra-pulse ratios of RG; = i1 4/1G1.1,
RG; = ig24/iG2.1, RG3 = ig34/1g3.1, and RGy = iga4/igs,1 for the four pulses of the second
output signal.

[0192] Inter-pulse ratios are ratios based on current measurements in response to the same
signal but different pulses within the signal. For example, inter-pulse ratios based on current
measurements of the first output signal are designated according to the scheme Ryo =
iMN,nth/IMO nth, Where Ryo represents the inter-pulse ratio for pulse N relative to pulse O of
the first output signal, and nth is the last current for both pulse N and pulse O. Referring to
FIG. 7, the first output signal would include inter-pulse ratios of Ry; = ivo4/tvia, R31 =
iv3,5/1M1.4, R32 = Im3.5/1M2.4, Rar = ivg5/im14, Rao = v s/ivn 4, Raz = vas/ivz s, Rsp =

iMs,5/M1.4, Rs2 = 1m5,5/1M2.4, Rs3 = 1m5.5/im3.5, Rss = 1m5.5/1m4.5, Re1 = 1m6.5/1M14, Re2 =

iMG,S/iM2,47 R63 = iMG,S/iM3,57 R64 = iMG,S/iM4,57 and R65 = iM6,5/iM5,5~ Other inter-pulse ratio
types can include the ratio of the first current of a pulse to the ending current of another

pulse, and the ratio of the ending current of a pulse to the first current of another pulse, or the
like. Examples of these inter-pulse ratio types are R'y; = iz 1/iv1.4, and R = iy 4/t 1

[0193] Inter-pulse ratios based on current measurements of the second output signal are
designated according to the scheme RGno = 1N nitn/1Go.nm, Where RGyo represents the inter-
pulse ratio for pulse N relative to pulse O of the second output signal, and the remaining

variables represent the values listed above for the intra-pulse ratio of the first output signal.

Referring to FIG. 7, the second output signal would include the inter-pulse ratios of RGy; =
1G2,.4/1G1 4, RG31 = 1G63,5/1G1.4, RG32 = 1G3,5/1G2.4, RGa1 = 1G4 5/1G1.4, RG42 = 1G4 5/1G2.4, RGy3 =
1G4,5/1G3.5, RGs1 = igs 5/ig14. RGsy =15 5/ic4, RGs3 =1gs5/ig3 5, RGsy =1gs 5/1G4.5, RGe

=1g6,5/1G1.4, RGe2 = 1a6,5/1G2.4, RGe3 = 166,5/1G3.5, RGea = 1G6,5/1G4,5, and RGes = ig6,5/1G5.5-
[0194] Ratios based on the first and second output signals are considered intertwined pulse

ratios. Intertwined pulse ratios based on current measurements of the first output signal and
the second output signal are designated according to the scheme MnGo = IMN nth/1GN.nths
where My is pulse N of the first output signal, Gy is pulse O of the second output signal, and
nth represents the last current measurement for the pulse N or O. Thus, for example, the
intertwined pulses would include MGy = iv 4/iG14, M1G2 = ivi.4/1G2.4, M1G3 = iv1 4/1G3 4,
MGy = imi14/iGas, M2G1 = iv2a/icre, MaGy = tvpaficee, M2Gs = ivpafigs s, MaGy =
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iv2.4/1G4 4, M3Gy = v 5/ig1 e, M3Gy = iv3 sfige 4, M3G3 = iv3 s/igs g, M3Gy = vz 5/iGa s,
MyG1 = im45/1G24, MaGa = iva5/1G24, MaG3 = 1ma5/1G3.4, MaGy = ima5/iGas, MsGp =
ims 5/1G14, Ms5Gy = tvs 5/1Ga4, MsGs = ivs 5/ig3 4, MsGy = 1vs 5/ica s, MsG1 = ime 54G1 4,
MsG2 = ime6.5/1G2.4, MeG3 = 16 5/1G3 4, and MeGy = v 5/1G4 4-

[0195] One or more of the intra-pulse and inter-pulse ratios for the second output signal and
the intertwined pulse ratios for the first and second output signals can be used in
compensation equations that adjust the correlation between the output signals and the
concentration of the analyte to provide a more accurate and precise determination of the
concentration of the analyte. The various calculated ratios based on the second output signal,
or the first and second output signals, can be entered into multi-variable regression to
generate the one or more compensation equations that account for error that is not accounted
for by error parameters from the first output signal alone.

[0196] FIGS. 2A and 7 show only one of many contemplated example plots of the first and
second input signals and the corresponding first and second output signals. The
characteristics of the first and second input signals and resulting first and second output
signals can be varied according to any of the above-described variations. Additional
examples of the first and second input signals, and the corresponding first and second output
signals, are shown and described below.

[0197] Specifically, FIGS. 8A-8D are graphs illustrating various arrangements of intertwined
first and second input signals for an electrochemical biosensor system, such as the system
100 of FIG. 1, in accord with additional aspects of the present disclosure. FIGS. 8A-8D all
show three input signals represented by the labels M, G, and Hct. The first input signals M
include pulses of constant potential applied across the working electrode 114 and the counter
electrode 116, the second input signals G include pulses of constant potential across the bare
electrode 118 and the counter electrode 116, and the third input signals are single hematocrit
pulses, as described above.

[0198] In FIG. 8A, the first input signal M has six pulses, the second input signal G has four
pulses, and the third input signal has the single Hct pulse. The intertwined input signals of
FIG. 8A are applied within 3 s. In FIG.8B, the first input signal M has six pulses, the second
input signal G has four pulses, and the third input signal has the single Hct pulse. The
intertwined input signals of FIG. 8B are applied within 3.2 s. In FIG.8C, the first input signal
M has six pulses, the second input signal G has five pulses, and the third input signal has the
single Het pulse. The intertwined input signals of FIG. 8C are applied within 3.3 s. In FIG.
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8D, the first input signal M has five pulses, the second input signal G has four pulses, and the
third input signal has the single Hct pulse. The intertwined input signals of FIG. 8D are
applied within 3.2 s.

[0199] The first input signals generally include potentials of 0.5V and 0.35 V for the first
and second pulses (from left to right) followed by subsequent pulses of 0.25 V. The second
input signals generally include pulses of 0.25 V, 0.35V, 0.5V, and 1.0 V (from left to right).
The ending pulse of the third input signal is about 2.5 V.

[0200] FIGS. 9A-9D are graphs illustrating output signals that resulted from the intertwined
first and second input signals, as well as the third input signals, of FIGS. 8A-8D, in accord
with additional aspects of the present disclosure. Specifically, FIGS. 9A-9D show the first,
second, and third output signals from the input signals of FIGS. 8A-8D, respectively, when
applied to a WB sample having 59 mg/dL glucose at 43% Hct and room temperature. The
first output signal in response to the first input signal is represented by M, the second output
signal in response to the second input signal is represented by G, and the third output signal
in response to the third input signal is represented by Hct. But for the negative currents of the
second output signal G in FIG. 9C in response to the first pulse at 0.15 V of the second input
signal of FIG. 8C, current measurements in response to the pulses of the first and second
input signals at 025V and above were all positive, indicating the electrochemical
environment of the WB samples.

[0201] FIGS. 10A-10D show reference correlations for different pulses of the first input
signals in FIGS. 8A-8D, respectively, in accord with aspects of the present disclosure. As
shown for FIGS. 10A and 10B, where the first input signals include six pulses, the last three
pulses within time periods as short as 1.7 s demonstrate substantially identical linear
responses. The last four pulses within time periods as short as 1.3 sec in FIG. 10C
demonstrate substantially identical linear responses. Finally, FIG. 10D demonstrates that the
responses from the last two pulses of five are identical with the responses from earlier pulses
being lower than the last two. These correlations demonstrate that assay times of less than
2.0 s are feasible.

[0202] FIG. 10E shows a comparison of the raw signals correlation with the reference
glucose concentrations for 3 s and 6.6 s potential sequences. Both the 3 s and 6.6 s potential
sequences had six main pulses at the first electrode with their end points at 3 s and 6.6 s,
respectively. It can be seen from FIG. 10E that, while the raw signals from the 6.6 s

correlation curves off starting at 700 mg/dL. and continues to level off at higher glucose
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concentrations, the raw signals from the 3 s correlation is linear up to 900 mg/dL and only
slightly curves off at higher glucose concentration.

[0203] The correlation plots of FIGS. 10A-10E demonstrate that the signals taken from the
time at 2.0 s or less are linear with concentration and can be used to indicate the analyte
concentration. For better use of G signals, a still more compact pulse sequence having three
or more pulses can be implemented. Otherwise, in the case of the present sequences in FIG.
8A-8D, the G signals are used in combination with any of the earlier M indicating signals,
with the time ending at about 3 s.

[0204] With assay times of less than 2.0 s feasible at similar or improved accuracy and
precision, higher linearity can be achieved. With higher linearity, higher concentrations of
analyte can be determined based on the consumption of the reagents used in determining the
concentration of the analyte occurring over shorter periods of time. Thus, more of the
reagents remain for determining the higher concentrations. In the case of glucose, glucose
levels as high as 900, 1000, 1100, or 1200 mg/dL can be determined based on biosensor
systems of the present disclosure, specifically biosensor systems that implement intertwined
first and second input signals.

[0205] The conventional wisdom for biosensors is to have overloaded reagent capacity to
support the chemical and electrochemical reactions under the normal operation (glucose
range, temperature, and hematocrit range, etc.). As the assay time gets significantly shorter,
for instance, reduced by 50%, the excess capacity of the reagent is available to support the
chemical reaction with higher analyte concentrations. In addition, the conventional wisdom
is to allow the chemical and/or electrochemical reactions to reach a stable condition to end
the biosensor assay process. While the reagent formulation continues to play an important
role in the biosensing process for blood glucose monitoring devices and medical device
systems, the recent advancements in signal excitation/generation coupled with sophisticated
error compensation methods/algorithms allows for biosensors to make a sampling of the
system’s signals in a much shorter time than ever before, instead of waiting for the reaction to
complete. The present invention further discloses the method of generating signals from the
second electrode to augment the error compensation, allowing for determining higher analyte
concentrations with equivalent or better accuracy.

[0206] All of the first and second input signals described above include excitations or pulses
of constant potential applied to the sample via the working electrode 114 and the counter
electrode 116, or via the bare electrode 118 and the counter electrode 116. These excitations

or pulses are described as amperometric excitations or pulses. However, the excitations or
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pulses of the first and/or second input signals can be pulses other than constant potential, such
as voltammetric excitations or pulses. In some aspects, one or more pulses of the first and/or
second input signals can instead be a linear scan pulse, a cyclic voltammetric pulse, an
acyclic voltammetric pulse, and the like.

[0207] A “cyclic” pulse or excitation refers to a voltammetric excitation combining a linear
forward scan and a linear reverse scan, where the scan range includes the oxidation and
reduction peaks of a redox couple. For example, varying the potential in a cyclic manner
from -0.5 V to +0.5 V and back to -0.5 V is an example of a cyclic scan for the
ferricyanide/ferrocyanide redox couple as used in a glucose biosensor system, where both the
oxidation and reduction peaks are included in the scan range. Both the forward and reverse
scans can be approximated by a series of incremental changes in potential. Thus, applying a
change of potential approximating a cyclic change can be considered a cyclic scan.

[0208] An “acyclic” pulse or excitation refers to an aspect of a voltammetric excitation
including more of one forward or reverse current peak than the other current peak. For
example, a scan including forward and reverse linear scans where the forward scan is started
at a different voltage than where the reverse scan stops, such as from -0.5 V to +0.5 V and
back to +0.25 V, is an example of an acyclic scan. In another example, an acyclic scan can
start and end at substantially the same voltage when the scan is started at most +20, +10, or
+5 mV away from the formal potential Eo' of a redox couple. In another aspect, an acyclic
scan or pulse refers to a voltammetric excitation including forward and reverse linear scans
that substantially exclude the oxidation and reduction output current peaks of a redox couple.
For example, the excitation can begin, reverse, and end within the diffusion limited condition
(DLC) region of a redox couple, thus excluding the oxidation and reduction output current
peaks of the couple. Both the forward and reverse scans can be approximated by a series of
incremental changes in potential. Thus, applying a change of potential approximating an
acyclic change can be considered an acyclic scan.

[0209] FIG. 11A is a graph illustrating intertwined input signals for an electrochemical
biosensor system, such as the system 100 of FIG. 1, with amperometric and voltammetric
pulses, in accord with additional aspects of the present disclosure. More specifically, FIG.
11A shows two input signals, represented by the labels M and G. The first input signal M
includes pulses of constant potential applied across the working electrode 114 and the counter
electrode 116 in relation to the system 100 of FIG. 1, except that one pulse is an acyclic

voltammetric pulse. In total, the first input signal M includes six pulses, which will be
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referred to here in the order in which they appear from left to right on the graph as M;, M,
M3, My, Ms, and Mg. As shown, the pulse M; has a potential of 0.5 V, the pulse M; has a
potential of 0.35 V, and pulses My-Mg have potentials of 0.25 V. The pulse Mj is an acyclic
voltammetric pulse with a scan rate of 2.4 V/s beginning at 0.25 V, increasing linearly to
about 0.55 V, and dropping back down linearly to about 0.25 V.

[0210] The second input signal G also includes pulses of constant voltage, but the pulses are
applied across the bare electrode 118 and the counter electrode 116, except that one pulse is a
linear scan pulse. In total, the second input signal G includes five pulses, Gy, G, G3, Gy, and

Gs. As shown, the pulse G; has a potential of 0.25 V, the pulse G, has a potential of 0.35V,

the pulse G4 has a potential of 0.5 V, and the pulse G5 has a potential of 1.0 V. The pulse G3
is a linear scan pulse with a scan rate of about 2 V/s beginning at about 0.15 V and increasing
linearly to about 0.65 V.

[0211] FIG. 11B is a graph illustrating intertwined first and second output signals in response
to the intertwined first and second input signals of FIG. 11A, in accord with aspects of the
present disclosure. The graph is in response to the first and second input signals being
applied to a WB sample of 300 mg/dL of glucose at 20% Hct and room temperature. Each
trace in response to each pulse of the first and second input signals can be one or more output
currents, such as one current, two currents, three currents, four currents, five currents, six
currents, seven currents, eight currents, nine currents, ten currents, and the like.

[0212] FIG. 11C is a graph illustrating the output currents in response to the acyclic
voltammetric pulse M3 of the first input signal, plotted as voltammogram, in accord with
aspects of the present disclosure. The electronic sampling rate used in acquiring the data
shown in FIG. 11C is 40 data points per second. As shown, ten currents were measured as
the voltage applied across the working electrode 114 and the counter electrode 116 was
varied between 0.25 V to 0.55 V and back to 0.25 V.

[0213] FIG. 11D is a graph illustrating the currents in response to the linear scan pulse Gz of
the second input signal, plotted as voltammogram, in accord with aspects of the present
disclosure. The electronic sampling rate used in acquiring the data shown in FIG. 11C is 40
data points per second. As shown, 10 currents were measured as the voltage applied across

the bare electrode 118 and the counter electrode 116 was linearly scanned between 0.15 V

and 0.65 V.
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[0214] FIG. 12A is another graph illustrating intertwined input signals for an electrochemical
biosensor system, such as the system 100 of FIG. 1, with amperometric and voltammetric
pulses, in accord with additional aspects of the present disclosure. More specifically, FIG.
12A shows two input signals, represented by the labels M and G. The first input signal M is
identical to the first input signal M of FIG. 11A. The second input signal G is identical to the
second input signal G of FIG. 11A except that the linear scan pulse G3 has a scan rate of
3.0 V/s that begins at about -0.05 V and ends at about -0.95 V.

[0215] FIG. 12B is a graph illustrating intertwined first and second output signals in response
to the intertwined first and second input signals of FIG. 12A, in accord with aspects of the
present disclosure. The graph is in response to the first and second input signals being
applied to a WB sample of 500 mg/dL of glucose at 42% Hct and room temperature. Each
trace in response to each pulse of the first and second input signals can be one or more output
currents, such as one current, two currents, three currents, four currents, five currents, six
currents, seven currents, eight currents, nine currents, ten currents, and the like.

[0216] FIG. 12C is a graph illustrating the currents in response to the acyclic voltammetric
pulse M3 of the first input signal of FIG. 12A in the form of a voltammogram, in accord with
aspects of the present disclosure. The data sampling rate used in acquiring the data shown in
FIG. 12C was 500 data points per second. According to this data sampling rate, many more
data points were acquired at the same time period, providing a nearly continuous output
current trace. However, the trace is a solid line indicating that any number of currents can be
taken in response to the pulse M3 of the first input signal in FIG. 12A as the voltage was
applied across the working electrode 114 and the counter electrode 116 between 0.25 V to
0.55 V and back to 0.25 V.

[0217] FIG. 12D is a graph illustrating the currents in response to the linear scan pulse Gz of
the second input signal of FIG. 12A in the form of a voltammogram, in accord with aspects
of the present disclosure. Similar to FIG. 12C, the data sampling rate used in acquiring the
data shown in FIG. 12C was 500 data points per second. According to this data sampling
rate, many more data points were acquired at the same time period, providing a nearly
continuous output current trace. However, the trace is a solid line indicating that any number
of currents can be taken in response to the pulse G3 of the second input signal in FIG. 12A as

the voltage applied across the bare electrode 118 and the counter electrode 116 was linearly

scanned between -0.05 V and -0.95 V.
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[0218] Based on the first and second intertwined output signals, one or more error parameters
as described above can be generated (e.g., calculated, computed, etc.) and used in error
compensation equations for determining the concentration of an analyte in a sample. The
error parameters based on the second output signal, although responsive to species in the
sample besides the target analyte, provide additional information regarding the
electrochemical window of the sample that allows for more accurate, precise, and faster
determinations of the analyte concentrations than conventional methods. Moreover, despite
the second input signal probing redox potentials that are lower or higher than the redox
potentials associated with the analyte, mediator, or other measurable species associated with
the analyte, the corresponding second output signal still provides information that aids in the
analyte concentration determination.

[0219] FIG. 13 is a flowchart of a process 1300 for determining a concentration of an analyte
based on intertwined input signals, in accord with aspects of the present disclosure. The
process 1300 can be performed by a biosensor system, such as the biosensor system 100
discussed above. In specific aspects, the biosensor system performing the process 1300 can
be a device for determining the concentration of glucose in a blood sample, such as a WB
sample, and the target analyte that is the focus of the analysis can be glucose.

[0220] At step 1302, first and second intertwined input signals are applied to a sample
according to the above concepts. The first input signal is applied to the sample via a first
electrode having a reagent, and the second input signal is applied to the sample via a second
electrode lacking a reagent. In some aspects, the second electrode lacks any reagent that
facilitates oxidation of the target analyte. However, in some aspects, the second electrode
can include one or more reagents that do not facilitate oxidation of the analyte, but may
facilitate oxidation of other species within the sample. In the case of glucose as the analyte in
the sample, the reagent of the first electrode can include an oxidoreductase. Specifically, the
reagent can be a glucose oxidase enzyme, a glucose dehydrogenase enzyme, or a combination
thereof. The sample can be a WB sample that contains the glucose. Alternatively, the
sample can be a derivative of a WB sample.

[0221] The application of the intertwined first and second input signals includes applying to
the sample, via the first electrode, the first input signal having at least two excitations or
pulses and at least one relaxation of the first electrode, and applying to the sample, via the
second electrode, the second input signal having at least one excitation or pulse and at least
one relaxation of the second electrode. The at least two excitations (or pulses) of the first

input signal can be any type of excitation as discussed above, such as a constant voltage
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pulse, a linear scan pulse, a cyclic voltammetric pulse, an acyclic voltammetric pulse, and the
like, and/or combinations thereof. The at least one excitation of the second input signal can
be any type of excitation as discussed above, such as a constant voltage pulse, a linear scan
pulse, a cyclic voltammetric pulse, an acyclic voltammetric pulse, and the like, and/or
combinations thereof. The first and second input signals are applied intertwined such that the
excitations of the first input signal are nonconcurrent with and separated from each other by
the excitation(s) of the second input signal. The first and second electrode can be in
electrically open states during the relaxations of each respective electrode. Alternatively, a
minimal potential can be applied across the first or second electrode during a relaxation of the
particular electrode so as to not be in an open state but otherwise not affect, or predicatively
affect, the other of the first or second electrode during excitations of the sample.

[0222] As described as at least two excitations and at least one excitation of the first input
signal and the second input signal, respectively, in some aspects, the first input signal and the
second input signal can have more excitations. For example, the first input signal can have
three, four, five, six, seven, eight, nine, ten, or more excitations or pulses applied to the
sample during a determination of the concentration of the analyte within the sample.
Similarly, the second input signal can have two, three, four, five, six, seven, eight, nine, ten,
or more excitations or pulses applied to the sample during a determination of the
concentration of the analyte within the sample, and the number of excitations can be the same
or different than the number of excitations of the first input signal.

[0223] All of the excitations of the first input signal can be of the same intensity or
amplitude, such as the same voltage or range of voltages. In some aspects, all of the
excitations of the first input signal can be of the same intensity after an initial number of
excitations that prepare the sample for analysis. For example, a first excitation of the first
input signal can be a constant 0.5 V excitation, a second excitation of the first input signal
can be a constant 0.35 V excitation, and the remaining excitations of the first input signal can
be constant 0.25 V excitations. However, the excitations can be various other types and
intensities of excitations, as further described above.

[0224] All of the excitations of the second input signal can be of the same intensity, of an
increasing intensity, of a decreasing intensity, or of a decreasing and increasing intensity. By
way of example, a first excitation of the second input signal can be a constant 0.25V
excitation, or a voltage equivalent to the pulse voltages of the later working electrode pulses
for analyte detection. A second excitation of the second input signal can be a constant 0.35 V

excitation, or a voltage in the order of 50-200 mV higher than the first pulse. A third
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excitation of the second input signal can be a constant 0.5 V excitation, or a voltage in the
order of 200-400 mV higher than the first pulse. A fourth excitation of the second input
signal can be a constant 1.0 V excitation, or a voltage in the order of 500-1000 mV higher
than the first pulse, or a voltage even further away from the first pulse such as 1000-1800
mV. According to the above-described voltages, the second electrode pulses probe the near
and far fields of the redox potential windows for the presence of interference species and/or
endogenous species in the sample and sample profiling. These interference species and/or
endogenous species may have direct or indirect effects on the output signals of the working
electrode pulses. The output signals of the bare electrode pulses augment the error
compensations through error parameters and error detections. However, the excitations can
be various other types and intensities of excitations, as further described above.

[0225] The widths or durations of the excitations and pulses of the first and second input
signals can be constant, or can vary, both with respect to other excitations within the same
input signal and with respect to other excitations within the other input signal. Further, in
some aspects, more than one excitation of the second input signal can occur between two
adjacent excitations of the first input signal.

[0226] In some aspects, an additional or third input signal can be applied to the sample, either
as a separate input signal or as part of the second input signal. The additional input signal
can be a large amplitude excitation pulse to the second electrode having no added reagent for
sensing the WB hematocrit level. In addition, other characteristics of the first and second
input signals can vary as described above.

[0227] At step 1304, a first output signal responsive to the first input signal and a second
output signal responsive to the second input signal are measured at different times or as the
respective first and second input signal are applied. The first and second output signals are
responses to the first and second input signals, respectively. The first and second output
signals include measurements of the currents responsive to the excitations of the first and
second input signals, respectively. In particular, the first output signal is directly responsive
to the concentration of the analyte in the sample based on the first electrode by which the first
input signal is applied to the sample having the one or more reagents. Accordingly, the first
output signal is responsive to a redox reaction of the analyte, either directly or indirectly,
such as through a mediator or other type of measureable species related to the analyte
concentration. In contrast, the second output signal is not responsive to the concentration of

the same analyte in the sample targeted by the first electrode and the first input signal, based
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on the second or bare electrode by which the second input signal is applied to the sample not
having the one or more reagents of the first or working electrode.

[0228] For each excitation of the first and second input signals, one or more currents can be
measured in generating the first and second output signals. For example, one, two, three,
four, five, six, seven, eight, nine, ten, or more output currents can be measured in response to
each of the excitations of the first and second input signals. The number of output currents
measured can be the same or different for each excitation of the first and second input
signals.

[0229] In response to the third input signal for the hematocrit, one or more currents can be
measured. These currents can be considered a third output signal or part of the second output
signal.

[0230] At step 1306, the concentration of the analyte is determined based on at least the first
output signal and the second output signal. The first and second output signals are analyzed
with respect to the target analyte concentration in relation to the reference correlation and the
error parameters in relation to error compensations and/or error detection for determining the
concentration of the analyte. One or more error parameters are generated based on the first
output signal, the second output signal, the second output signal compared to the first output
signal, or a combination thereof. The error parameters can include ratios of the currents of
the first output signal, the second output signal, or the first output signal compared to the
second output signal. The one or more error parameters can include intra-pulse ratios that are
based on currents related to a single pulse of the first or second output signal, inter-pulse
ratios that are based on currents related two different pulses of the first or second output
signal, or intertwined ratios that are based on currents related to two pulses, one pulse being
from the first output signal and one pulse being from the second output signal.

[0231] In some aspects, one or more error parameters can be based on currents measured in
response to the third output signal related to the hematocrit level. These error parameters can
be based on ratios that include the currents from the additional output signal for the
hematocrit level, either alone or in combination with one or more currents from the first
and/or second output signal.

[0232] In some aspects for determining the concentration of the analyte in the sample, a
reference correlation for the analyte with the first output signal from the first electrode having
the reagent can be established. A AS value can be determined from one or more pre-

determined compensation functions stored in the memory of the biosensor system and
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generated as a result of factory calibration and regression of compensation functions. The
error parameters calculated from the first and/or second output signals can be entered into the
pre-determined compensation functions. The error parameters contribute to determine an
accurate analyte concentration by compensating for biosensor system error resulted from one
or more error contributors by adjusting the reference correlation through the slope deviation
AS value, or a combination thereof. Based on having the error parameters generated for the
second output signal, the second output signal relative to the first output signal, such as in the
case of intertwined error parameters, or a combination thereof, the benefits according to the
present disclosure can be achieved as compared to conventional biosensor systems that do not
include intertwined first and second input signals.

[0233] Output signals from the second electrode provide additional error parameters to be
entered into the compensation equations. These error parameters may not be specific about
the individual species, but can represent categorically the types of interference species that
can be present during the analyte determination process from the WB samples. Because the
WB samples vary from different end users with different levels of interference species, the
first electrode alone having the target reagent for the analyte cannot provide the interference
information independent of the target analyte. Thus, the error associated with interference
species cannot be addressed by the first electrode output signals, and the second electrode
having no added reagent, or having no reagent for the targeted analyte, will provide the
interference information. Among other benefits of the second electrode with the second
output signals, some of the benefits include assay times shorter than that of conventional
biosensor systems with the same or even improved accuracy. For example, in some aspects,
the benefits include assay times of about 3.5s with a 5%, 10%, 20%, 30%, or 40%
improvement in accuracy as compared to conventional biosensor systems that do not include
intertwined first and second input signals as described herein. In some aspects, the benefits
include assay times of about 3.2 s with a 5%, 10%, 20%, 30%, or 40% improvement in
accuracy as compared to conventional biosensor systems that do not include intertwined first
and second input signals as described herein. In some aspects, the benefits include assay
times of about 3.0 s with a 5%, 10%, 20%, 30%, or 40% improvement in accuracy as
compared to conventional biosensor systems that do not include intertwined first and second
input signals as described herein. In some aspects, the benefits include assay times of 2.2 s
with a 5%, 10%, 20%, 30%, or 40% improvement in accuracy as compared to conventional

biosensor systems that do not include intertwined first and second input signals as described
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herein. In some aspects, the benefits include a %-bias of the determined analyte
concentration being +10%, £5%, +4%, £3%, +2%, £1%, or even better, for the same or
shorter assay times, such as 3.5s, 3.2s,3.0s,2.8s,26s, 245, 2.2 assay times, or even
less.

[0234] Table 2 below provides exemplary results respective to a particular donor study with
compensation equations having the G-terms (or terms generated based on a second working
electrode) and having no G-terms. Two exemplary complex function equations with and
without the G-terms input into the regressions are shown below (derived from lab data with
variations in reference glucose, temperatures, and hematocrit levels). These two

compensation functions were applied to raw donor study data. Compensation takes the form
of Geomp = (I — Intey)/(Sca™(1 + AS/S)). Bias/%-bias values were calculated by (Geomp —

YSI) for YSI < 100 mg/dL and by 100%*(Gcomp — YSI)/YSI for YSI > 100 mg/dL. Further,
compensation is achieved by adjusting the slope of the reference correlation by the predictor
function (complex index function) AS/S = f(Rx, ......), which is the calculated normalized
slope deviation AS/S from the prediction function as a result of multi-variable regression.
The mean and standard deviation (SD) values were calculated from the sum of 600 data
points (duplicate data of each sample) in an internal donor study of self-testing from six lots.

[0235] It can be seen from Table 2 that, for compensation results, the SD value with the G-
terms in the compensation function is about 0.2 SD units smaller, or the system error is
reduced with more power than that without the G-terms input into the compensation
function. This translates into more than 10% improvement for the £5% accuracy (68.6%
within +5% for G-terms versus 60.5% within £5% for no G-terms). For the accuracy of
+10% level, there is an improvement of two percentage points with the G-terms for the
compensation function with the G-terms (95.4% within £10% for G-terms versus 93.4%
within £10% for no G-terms). These results highlight the importance of the G pulse signals

in the continuous drive to better accuracy for BGM systems.

Compensation Results
Mean | SD | 5% | £10% | £12.5%
With G-terms -0.53 | 476 | 68.6 | 954 97.5
No G-terms -1.59 | 495 | 60.5 | 934 97.5

Table 2 - Comparison of compensation results with and without terms generated based on the

second electrode (G-terms).

The exemplary equation for the compensation complex index function with G-terms was:
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AS/S =-1.2778073 + 0.0665729 * T -3.532e-4 * G* T * H—-2.555¢-4 * G * T + 0.0338002

* G * H+ 0492732 * Ry — 0.1877257 * Ry + 0.1574192 * RG3 + 0.0459172 * Ryy —
0.3831424 * Rgs + 0.0109147 * RGy3 — 0.0032894 * RHGy — 4.144e-4 * MGy + 0.107479
* MGy — 0.0014855 * G * R5 — 0.0439957 * G * RGyg3 + 0.0534208 * G * M3Gy —
0.0734538 * H * R3 + 0.2158373 * H * R + 0.3208298 * H * Ry, — 0.1284548 * H * Rg) +
0.1042826 * H * Rgz — 0.0099486 * H * RGy3 + 0.0066875 * H * M3G3 — 0.0044375 * H *
MgG3 — 0.0280382 * T * Ry + 0.0208591 * T * Rz +0.0299228 * T * R5 — 0.0834963 * T *

Rg —0.0085322 * T * Rqp — 1.7689934 * T * RG3p + 0.2168343 * T * RGyy +4.6293673 * T
* MGy — 10.50741 * T * MsGy — 0.1451554 * G * T * Rs + 0211731 * G * T * Rg +
0.1942922 * G * T * RGy + 0.038012 * G * T * RGy + 0.1131831 * G * T * Rg3 +
0.0010882 * G * T * RG3y — 3.79¢-5 * G * T * M,G; + 0.0041538 * G * T * MsGy —
0.0013806 * G * H * R4 + 0.0014286 * G * H * Ry — 9.826e-4 * G * H * Ry5 — 0.0018126 *
G*H*Rgy— 00079612 * G* H* MGy +234le-d *G* T*H* Ry + 1.894e-4 * G * T *
H * RHGy, and

the exemplary equation for the compensation complex function without G-terms was:

AS/S = -0.5188525 — 0.0665706 * T + 0.0246863 * G * H + 0.4643401 * R, — 0.3418844 *
Rg — 0.8772739 * Ryy + 0.1577033 * Ry + 0.3132972 * Ry — 1.0421636 * Ry + 0.0033468
* G * Ry + 0.0018 * G * R3 — 0.003074 * G * Rg — 0.1405099 * H * R; + 0.7219722 * H *
Rg + 0.3740353 * H * Ry + 0.4479624 * H * R3, — 0.7599627 * H * Rsy — 0.1496064 *H *
Re; — 0.1444729 * H * Rgy + 0.3544145 * H * Rg; — 0.0318846 * T * R, + 0.0220872 * T *
R; +0.0320866 * T * R5 — 0.0930098 * T * Rg — 0.0166616 * T * R,y + 0.0244054 * T * Ry,
+0.0436963 * T * R3y — 0.121012 * T * Ryy + 0.1420069 * T * Ry3 + 0.0657513 * T * Rsy —
0.1230718 * T * Rg3 +0.1249769 * T * Rgy — 0.1765913 * G * T * R, — 0.3179064 * G * T *
Rs + 0.454599 * G * T * R+ 0.1087889 * G * T * Ry — 0.0798451 * G * T * Ry —
0.0698054 * G * T * Ry3 — 0.0689099 * G * T * Ry + 0.3649943 * G * T * Rg3 — 0.2709868
*G*T*Rgy +6.892e-4 * G*H*Ry—0.0012431 * G * H* Ry — 6.448¢-4 * G * H * Ry, —

6.364e-4 * G * H * Ry + 3.002e-4 * G * H * Rg; — 0.0012672 * G * H * R

-51 -



WO 2018/011692 PCT/IB2017/054133

where G = G,y = (I — Int)/Scal where 1 is the current, Int is omitted in the calculation; Scal is
the system calibration slope; H is the ending current from the 2.5 V Hct pulse; and G, T, and
H represent the raw glucose value, the temperature, and the hematocrit signal, respectively.
However, the above equations are merely exemplary for the compensation complex function
for purposes of comparison between G-terms being present and no G-terms being present,

and the present disclosure is not intended to be limited to only these two particular equations.

[0236] In addition to providing error parameters for adjusting the compensation equations in
calculating the concentration of an analyte in a sample, the second input signal, alone or in
combination with the first input signal, can provide other functionality and/or information for
a biosensor system, such as the biosensor system 100. The additional functionality can
include identifying the sample types or differentiating other sample types from the WB
sample where the majority of glucose measurements apply. In particular, the auto-detection
of control solutions that are used with the biosensor systems is very important. Other
additional functionality can include the measurement and/or identification of oxidizable
species within the detection window in a sample that are unrelated to the target analyte,
sample profiling, or combinations thereof.

[0237] Control solutions in an established biosensor system, such as CONTOUR® NEXT by
Ascensia Diabetes Care of Parsippany, NJ, are important by providing instant verification of
the system’s functionality. In the past twenty years, healthcare innovative solutions have
advanced to a point where automatic recognition of the controls against the WB samples has
become an integral part of the medical device system for data processing and analysis, such
as data averaging.

[0238] Furthermore, in the case of a blood glucose monitor (BGM) system connecting to an
insulin pump, the control reading should be securely identified so as not to be treated as a
WB glucose reading, which would otherwise affect the therapeutic decision by the pump. In
yet another example of the auto-detection, there is a need to detect the control solutions
belonging to one system against the control solutions for another system in case the end-user
uses a different control solution by mistake.

[0239] A past method to address control solutions has been to include some oxidizable
species in the control at a potential higher than that for the oxidation of the biosensor
system’s mediator. The added species is referred as a control marker. Using the method of
two potentials, one potential being a low potential for the analyte concentration determination

and one potential being a high potential for detecting the added marker, the index value from
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the currents at these two potentials are compared with one or more thresholds for
differentiating the sample type, i.e., between a control and a WB sample. However, this
methodology has limitations, one of which being the need to add the control marker. Based
on the concepts of the present disclosure, multiple parameters can be used for differentiating
sample types and in particular for differentiating the control from WB samples based on the
pulses or excitations of the second input signal.

[0240] One parameter that can be the basis for differentiating a control from a WB sample is
the first output current (i.e., ig1 1) in response to the first (excitation) pulse of the second input
signal when the first pulse is at 0.25 V across the bare electrode 118 and the counter electrode
116. The currents ig; 1 for WB samples (e.g., glucose ranging from low to high, temperatures
ranging from 5-45 °C, and hematocrit values ranging from 0-70 %) are positive in response to
the second input signal pulse at 0.25 V. In contrast, the currents ig; ; for controls in response
to the second input signal pulse at 0.25 V are generally negative. Accordingly, a threshold
near zero can be used for differentiation, or the polarity switching of the current ig; ; can be
used to distinguish between a control and a WB sample.

[0241] FIG. 14A is a graph illustrating the current measurements in response to the first
through third pulses of the second input signal in FIG. 8D applied to various controls, in
accord with aspects of the present disclosure. The various controls have low (indicating
about 45 mg/dL glucose), normal (indicating about 110 mg/dL glucose), or high (indicating
about 300 mg/dL) glucose levels and are from three different lots of controls, indicated by
Lot A, B, or C. FIG. 14B is a graph illustrating the currents measured in response to the first
through third pulses of the second input signal in FIG. 8D applied to various WB samples, in
accord with aspects of the present disclosure. The various WB samples have varying
hematocrit levels of 15 %, 43 %, or 65% and varying glucose concentrations of 50, 90, 250,
or 500 mg/dL.

[0242] As shown in FIG. 14A, the currents measured in response to the first pulse of the
second input signal—specifically, 0.25 V applied across the bare electrode 118 and the
counter electrode 116—are negative. In contrast, and as shown in FIG. 14B, the currents
measured in response to the same pulse applied to the various WB samples are positive.
Based on the resulting negative currents for the controls in response to the first pulse of
0.25 V of the second input signal and the resulting positive currents for the WB samples in
response to the same pulse, a threshold near zero or the polarity switch of the measured

currents can indicate whether the sample is a control or WB sample. FIG. 14C is a graph
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illustrating the current measurements in response to the third and fourth pulses of the second
input signal, in addition to the third Hct input signal, in FIG. 8D applied to the controls of
FIG. 14A, in accord with aspects of the present disclosure. FIG. 14D is a graph illustrating
the current measurements in response to the third and fourth pulses of the second input signal,
in addition to the third Hct input signal, in FIG. 8D applied to the various WB samples of

FIG. 14B, in accord with aspects of the present disclosure.

[0243] At potentials lower than 0.2V, the current ig;; values from a WB sample will
become negative as well. At 0.3 V, theig ; values for controls may edge up to positive. The
pH of the controls from 6.5 to 7.0 will give the negative values at ig 1. At a much higher pH
value (e.g., 7.5 and above), the ig; ; values of the control will become positive. The negative

ig1,1 currents may indicate that the controls are being poised slightly at a reduction potential
of 0.25 V while the WB samples are poised at slightly oxidation potential of 0.25V. This
behavior seemingly indicates a polarity switch from control to WB samples, but the behavior
shows more of a threshold current near zero. This threshold of separating the sample types
may shift depending on the operation conditions. Other threshold current values may be
possible depending on other factors, such as the operation potential, the control pH, and the
buffer concentration. For instance, the operation potential at 0.25 V is relative to the MLB
mediator’s redox potential at the counter electrode. If ferricyanide is the mediator, which has
a redox potential about 150-200 mV higher than MLB, the operation potential needs to be at
about 0.05-0.1 V to maintain the threshold near zero.

[0244] In addition or in the alternative to the polarity of the currents indicating whether the
sample is a control or a biological sample, decay characteristics of the currents in response to
one or more pulses of the second input signal, alone or in combination with the first input
signal, can be used to distinguish a control from a biological sample.

[0245] FIG. 15 shows a comparison of the decay from the second input pulse at 1.0 Vin a
WB sample and in a control solution based on the bis-tris. It was observed that there is a
steep decay in the WB sample and a shallow decay in the bis-tris buffer-based control
solution. According to some aspects, the decay characteristics can be expressed by the

parameter DG4 defined as follows in Equation 1.
DG4 = iG4-first/ iG4-ending -1 (D
Other similar parameters, such as RG4 (Zig4 nn/1G4.1st) can also be used to express the decay

characteristics with similar comparison results between controls and WB samples.
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[0246] Rather than relying on a user of the biosensor system to choose the single, correct
control to be used with the biosensor system, the system 100 can distinguish between
multiple different controls and operate accordingly. Under the scenario of a user mistakenly
using a control that is not preferred for a specific biosensor system, the system can still
determine that the control is not the preferred control and modify its functionality and/or
operation appropriately based on the detected specific type of control. In some aspects, the
biosensor system can provide a control reading based on other calibration constants if the
biosensor system is equipped with the other constants. Alternatively, the biosensor system
can indicate that the control being used is not the preferred control and provide an indication
to the user to use the preferred control.

[0247] According to the foregoing, differentiation among three or more sample types, such as
between two or more predetermined types of controls, is possible. Unlike conventional
methods that rely on the direct oxidation of an added control marker at a high voltage to
generate a current for calculating a differentiating index, currents measured from pulses of
the second input signal at potentials equal or close to the operation potentials of the working
electrode in controls with or without an added control marker can be used. Below are
additional examples of how information from the second output signal, alone or in
combination from information from the first input signal, can be used to different between
different controls.

[0248] The pulsing sequence shown in FIG. 8D was applied to controls based on five
different buffer systems for testing the controls’ responses to the second electrode input pulse
at 0.25 V. The five buffer systems were 100 mM of phosphate ion at a pH of 6.5, 20 mM of
Trizma® acetate at a pH of 7, 20 mM of ADA at a pH of 7, 20 mM of HEPES at a pH of 6.7,

and bis-tris at a pH of 6.5. The results are shown in FIG. 16A in a plot of ig; 1 versus DG4.

[0249] Specifically, FIG. 16A is a graph of current measurements g1 versus the parameter

DG4 for the WB samples and controls based on the input signals of FIG. 8D, in accord with
aspects of the present disclosure. As shown, for 270 WB samples, 98.9 % of the resulting

currents igj,1 were positive or at 0 while all of the currents ig; ; for the five controls were
more negative than any of the values from the WB samples. The WB sample chemistry is

complex but gave the dominantly positive igy; currents. In contrast, the controls were

consistent with respect to their formulations and gave consistently negative igy; currents.
Thus, the five buffer systems gave slightly negative currents at 0.25 V versus the sensor

mediator redox potential at the counter electrode. While the DG4 values for the five buffer
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systems varied from 0.2 to 3.5, the ig; | currents were all negative. Thus, the characteristic
behavior of WB’s slightly oxidative currents and control’s slightly reductive currents formed
a boundary to differentiate the WB samples from the aqueous solutions, where more than one
aqueous solution behaved opposite to the WB. Accordingly, a comparison of the currents of
ig1,1 versus the parameter DG4, or the currents of ig;; by themselves, can be used to
distinguish between WB samples and controls. A threshold value can be set at slightly
negative to separate the control solutions from the WB samples.

[0250] The fact that the boundary happens to be at approximately zero reflects a slight
oxidative moiety for the WB samples and a slight reductive moiety for the controls under the
conditions of the biosensor system construction and formulation (e.g., specific reagents for
the working electrode 114), as well as the operation potential at 0.25 V between the bare
electrode and the counter electrode. This characteristic difference in principle represents a
polarity switch of the current ig;; with respect to a threshold near zero and provides the
differentiation between WB samples and controls based on the first current of the second
output signal in response to the 0.25 V pulse of the second input signal. At 0.2 V or below,
the WB sample currents ig;,; were shifted to negative. At 0.3 V, the controls’ currents igj
were shifted to positive. For biosensor systems having different reagents, such as different
mediators, such as ferricyanide, the dividing boundary or the polarity switch may occur at
other operation potentials between the bare electrode and the counter electrode because of the
potential shift of the other mediator.

[0251] FIG. 16B further showed the ig; ; currents from the phosphate-based control solutions
with three different buffer concentrations of 20, 50 and 100 mM at a pH of 6.5. While the

DG4 values varied with the buffer concentrations, the igy; currents were all below the

threshold dotted line, which separates the control solution values from those of the WB igy
currents.

[0252] In addition to the iGy 1 currents as one of the indicators, the ending current of bare
electrode pulse can also be used to differentiate controls from WB samples. This is shown in
the plot of 1G2 nin versus DG4 in FIG. 16C, where the WB samples data points are clustered in

the upper right region of the plot. That is, the data points for the WB samples are clustered in
the region greater than or equal to 1 (“mV”’) and greater than 2 of the parameter DG4. For
the bis-tris control, the WB samples and the controls can be well differentiated based on the

indicator of DG4, and to a lesser extent for the HEPES control system. This may be readily
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implemented in a system by thresholds based on the vertical boundary and the horizontal

boundary.
[0253] FIG. 16D is a graph showing currents igy 1 versus the parameter DG4 for the Trizma®

acetate buffer based control at combinations of three pHs of 6.5, 7, and 7.5 and three buffer
concentrations of 20, 50 and 100 mM, in accord with aspects of the present disclosure.

Specifically, FIG. 16D shows the combined effect of buffer concentration and the pH on the
currents igy; for the Trizma® acetate control. There is a trend of low pH giving more
negative currents igy 1, thus enhancing the negative polarity. The combination of the current
ig1,1 and the parameter DG4 also applies to the ADA buffer system for differentiating WB
samples and controls.

[0254] FIG. 16E is a graph showing currents igy; versus the parameter DG4 for the ADA
control at combinations of three pHs of 6.5, 7, and 7.5 and three buffer concentrations of 20,
50, and 100 mM, in accord with aspects of the present disclosure. The combination of ig 1
and DG4 also applies to the ADA control for differentiating WB samples and controls.

[0255] FIG. 16F is a graph showing currents ig; | versus the parameter DG4 for the bis-tris
controls at combinations of three pHs of 6.5, 7, and 7.5, and three buffer concentrations 20,
50, and 100 mM, in accord with aspects of the present disclosure. The ig; ; currents tended

to cross the boundary with higher pH values of the control solution, but there was a wide
margin in the DG4 axis for differentiating the controls against the WB samples. In FIG. 16F,

the pH of the bis-tris control affected the current ig; ; polarity significantly that at or slightly
above a pH of 7, some of the currents 1G;,; went above 0. At a pH of 8.15, all of the currents

ig1,1 were positive. However, the differentiation between a WB sample and a bis-tris control
is predominantly determined by the parameter DG4, as shown by the wide margin in FIG.
16F. This trend is independent of the bis-tris concentrations (e.g., 20, 50, and 100 mM bis-
tris).

[0256] Different parameters can be better suited for controls based on different buffers.
Other parameters that can be calculated from the second output signal include RGsy, RG3s,
RGyj, RGy), and RGys, as defined above. A selection of the optimal control formulation
(e.g., pH and/or buffer concentration) and operation potential at the second input signal

pulses can enhance a particular parameter for one control system. According to some

aspects, there can be more than one indicator for differentiating WB samples and controls.
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[0257] The dashed and/or dotted lines in FIGS. 16A-16F can represent thresholds
programmed into a biosensor system that can be used in comparisons to currents and/or
parameters based on the current for distinguishing the sample between a control and a non-
control, and/or distinguishing between different controls.

[0258] After the sample type has been determined to be a control, it can be differentiated
further as one particular type of control from another. The input signals of FIG. 8B were
applied to various samples, including lab WB samples and donor WB samples, in addition to
two controls. The lab WB samples included 3000 different samples that covered glucose
concentrations of 60, 330, and 550 mg/dL at 5, 10, 15, 23, 33, 40, and 45 °C, and 0, 20, 42,
55, and 70 % Hct values. The donor WB samples included 3652 different samples covering a
range of glucose concentrations and Hect values. The first control included a solution from
the CONTOUR® CLASSIC glucose meter by Ascensia Diabetes Care of Parsippany, NJ, and
the second control included a solution from the CONTOUR® NEXT glucose meter by
Ascensia Diabetes Care of Parsippany, NJ.

[0259] FIG. 17A shows a plot of igy; versus DG4 (iG4-first/1G4-ending — 1) for the
CONTOUR® CLASSIC and CONTOUR® NEXT control solutions by Ascensia Diabetes
Care of Parsippany, NJ, along with the WB sample data from lab studies (across
temperatures, glucose concentrations, and hematocrit levels) and from donor studies. The
DG4 indicator provided a wide margin to separate the control data points from the WB data
points. As shown, for the lab WB samples, 100 % of the currents ig; ; were positive or at 0.
For the donor WB samples, 99.86 % of the currents ig; | were positive or at 0. Thus, the WB

samples gave positive currents i 1 in response to the 0.25 V. In contrast, more than 85 % of

the currents ig; j currents were negative for the controls.

[0260] In FIG. 17A, the predominant parameter for separating the WB samples and the

controls was the parameter DG4. There was a wide margin in the parameter DG4 axis

between the data for the controls and the WB samples. Optionally, the RHG4 parameter (iy.
ending/1G4-ending) can also be used.

[0261] Better separation can be provided in another two-way plot of RHGy versus DG4, as

shown in FIG. 17B. The control data points are shown in the lower left corner of the plot
clearly separated by two boundaries. For the parameter RHG4, there was an inverse
correlation between RHG4 and % Hct of the WB sample. Thus, the separation margin was

between the highest hematocrit level at 70 % and the controls.
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[0262] After distinguishing between WB samples and controls based on the parameters
RHG4 and DG4, an additional comparison can occur based on the same parameters or one or
more additional parameters. The additional comparison can distinguish between multiple
different controls.

[0263] For example, once the sample type has been determined to be the control, the control
can be further separated from multiple different controls, as shown in FIG. 17C applied to the
two exemplary controls CONTOUR® CLASSIC and CONTOUR® NEXT. The two-way
plot of igs 4 versus iy 4 currents (the ending current of the 1.0 V Gy pulse against the ending
current of the 2.5 V hematocrit pulse) results in the CONTOUR® NEXT controls at the low
left corner. The comparison shown in FIG. 17C can occur in response or subsequent to the
comparison shown in FIG. 17B. For example, after determining that the sample is a control
based on the comparison in FIG. 17B, a biosensor system can perform the comparison shown
in FIG. 17C to determine the specific type of control.

[0264] The dashed and/or dotted lines in FIGS. 17A-17C can represent thresholds
programmed into a biosensor system that are used in comparisons to currents and/or
parameters based on the currents for distinguishing the sample between a control and a non-
control, and/or distinguishing between different controls.

[0265] Based on the parameters discussed above, a biosensor system can determine the
parameters for distinguishing a sample between, for example, a control and a WB sample,
and also between multiple different specific controls. Based on distinguishing the sample as
a control or a WB sample, or as a specific control among a plurality of different specific
controls, a biosensor system can then alter its functionality and/or operation based on the
determined sample type.

[0266] FIG. 18 is a flowchart of a process 1800 for analyzing a solution with a blood glucose
monitoring device, in accord with aspects of the present disclosure. The process 1800 can be
performed by a biosensor system, such as the biosensor system 100 discussed above.
Specifically, the biosensor system performing the process 1800 can be a device for
determining the concentration of glucose in a blood sample, such as a WB sample.

[0267] At step 1802, an input signal is applied to the solution via a bare electrode of the
blood glucose monitoring device. The bare electrode is any bare electrode as described
herein, such as the bare electrode 118 of the biosensor system 100. The input signal includes
at least one constant voltage pulse. In some aspects, the constant voltage pulse is a potential

of 0.25 V. The sample can be a blood sample, such as a WB sample.
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[0268] Although the input signal can include one constant voltage pulse, in some aspects, the
input signal can further include a plurality of voltage pulses. The plurality of voltage pulses
can be applied across the bare electrode and a counter electrode. Among the plurality of
voltage pulses is the constant voltage pulse described above in the preceding paragraph.
[0269] At step 1804, a comparison is made between a current threshold value related to the
output current generated in response to the 0.25 V voltage. The output current that is
measured is the current responsive to the applied constant voltage pulse in step 1802.

[0270] In some aspects, a polarity of an output current generated in response to the 0.25 V
voltage pulse is determined. The polarity of the output current is determined by measuring an
output current in the sample that is generated based on the applied constant voltage pulse in
step 1802. The polarity of the output current is then determined, such as being a positive or a
negative current. In this aspect, the threshold can relate to the polarity, i.e., whether the
polarity is positive or negative. In some aspects, the polarity is of the initial current that is
measured in response to the constant voltage pulse. Thus, if a plurality of currents is
measured in response to the constant voltage pulse, the polarity of the first or initial current is
determined at step 1804. The constant voltage pulseis at 0.25 V.

[0271] At step 1806, the solution is identified as a control or a blood sample based, at least in
part, on the comparison to the threshold. For example, if below the threshold, the solution is
identified as a control. If above the threshold, the solution is identified as a WB sample.
However, the relationship can be the opposite, such as below representing the WB sample. In
the case of the threshold relating to polarity, if the polarity is negative, the solution is
identified as a control. If the polarity is positive, the solution is identified as a blood sample,
such as a WB sample.

[0272] In response to the determination of the sample as being a control or a WB sample, the
biosensor system can perform additional functionality and/or operations automatically, such
as without additional user input to the biosensor system that would otherwise be required to
initiate the additional functionality and/or operations. Such additional functionality and/or
operations can include, for example, performing and/or running one or more operations that
determine whether the biosensor system is functioning correctly in response to determining
that the sample is a control. Such operations can include, for example, determining a
concentration of a species in the control and comparing the concentration to a pre-set,
standard concentration for the control to determine whether the biosensor system is operating
within set tolerances. Such additional functionality and/or operations can include, for

example, performing and/or running one or more operations that determine the concentration

-60 -



WO 2018/011692 PCT/IB2017/054133

of an analyte in the sample, such as glucose, in response to determining that the sample is a
WB sample. Accordingly, the ability of a biosensor system to determine the sample as being
a control or a WB sample allows for the automatic initiation of additional functionality and/or
operations without user intervention, which can simplify use of the biosensor system and/or
reduce potential for errors, such as human error in using the biosensor system.

[0273] For aspects in which the input signal includes a plurality of voltage pulses, the
solution can be identified as a predetermined control among a plurality of predetermined
controls based, at least in part, on the plurality of voltage pulses, in response to or after
identifying the solution as the control.

[0274] The solution can be identified as one predetermined control among the plurality of
predetermined controls based, at least in part, on an initial voltage pulse and a final voltage
pulse of the input signal, or between two intermediary pulses, depending on the potentials of
the pulses and the sample. One or the first of the voltage pulses can be a potential of 0.25 V
applied across the bare electrode and the counter electrode, and another one or the final
voltage pulse can be a potential of 1.0 V applied across the bare electrode and the counter
electrode.

[0275] In some aspects, a first plurality of currents is measured in response to the initial or
one voltage pulse and a second plurality of currents is measured in response to the final or
another voltage pulse. The solution is then identified as the predetermined control based on
an initial current of the first plurality of currents and a final current of the second plurality of
currents. Alternatively, the identification of the solution as the control or the blood sample
can be based, at least in part, on an initial current of the first plurality of currents in response
to the initial voltage pulse, an initial current of the second plurality of currents in response to
the final voltage pulse, and a final current of the second plurality of currents in response to
the final voltage pulse. In some aspects, the identification of the solution as the control or the
blood sample is based, at least in part, on a ratio of (i) the initial current of the second
plurality of currents in response to the final voltage pulse and (ii) the final current of the
second plurality of currents in response to the final voltage pulse, compared to the initial
current of the first plurality of currents in response to the initial voltage pulse.

[0276] FIG. 19 is a flowchart of a process 1900 for determining a type of a sample, in accord
with aspects of the present disclosure. The process 1900 can be performed by a biosensor
system, such as the biosensor system 100 discussed above. Specifically, the biosensor system
performing the process 1900 can be a device for determining the concentration of glucose in

a blood sample, such as a WB sample.
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[0277] At step 1902, an input single is applied to the sample via a bare electrode. The bare
electrode is configured as described above with respect to the bare electrode 118. The input
signal can be applied between the bare electrode and a counter electrode. The counter
electrode is configured as described above with respect to the counter electrode 116. The
input signal has at least two excitations and a relaxation.

[0278] Although described as one input signal being applied to the sample, in some aspects,
another input signal can be applied to the sample intertwined with the input signal. The
intertwining is as described above. Specifically, the intertwining can include applying to the
sample the other input signal via a first electrode having a reagent, the other input signal
having at least two excitations and a relaxation, and the at least two excitations of the other
input signal being nonconcurrent with the at least two excitations of the input signal.

[0279] At step 1904, an output signal is measured that is responsive to the input signal of step
1902. The output signal can be measured as described above, such as by the measurement
device 102. Similar to the output signals discussed above, the output signal includes currents
measured in response to the at least two excitations of the input signal. In some aspects, the
currents include at least two currents. The at least two currents can be responsive to one of
the at least two pulses or excitations of the input signal. Alternatively, each one of the at least
two currents can be responsive to a separate pulse or excitation of the at least two pulses or
excitations of the input signal. In the case of more than two excitations or pulses and/or or
more than two currents, there can be a combination of multiple currents measured in response
to the same excitations and multiple currents measured in response to separate excitations.
[0280] At step 1906, one or more parameters are determined based on the output signal. The
one or more parameters can be determined based on the current measurements. The one or
more parameters can be determined based on intra-pulse ratios, inter-pulse ratios, or
combinations thereof. Alternatively, the one or more parameters can be the currents, or
combinations of currents and ratios. The one or more parameters are selected based on the
parameters being able to distinguish between the type of the sample and, in some aspects,
between sub-types or predetermined types of the same sample.

[0281] At step 1908, the one or more parameters are compared to one or more thresholds to
determine the type of the sample. In some aspects, the type of sample is determined from
among two types. The two types can be a control and a biological sample. The control can
be for determining whether the biosensor system performing the process 1900 is functioning

properly, or for calibrating the biosensor system, or both. The biological sample can be
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various biological samples, such as biological fluids including one or more of WB, serum,
plasma, urine, saliva, an interstitial fluid, or an intracellular fluid.

[0282] In some aspects, one of the two types can include multiple sub-types. For example,
the control can have various sub-types that include predetermined controls or specific types
of controls. In response to a determination that the sample is a control, an additional step of
comparing the one or more parameters to one or more additional thresholds can occur to
determine the sub-type of the control, or specifically the predetermined control.

[0283] In some aspects, after determining the type of the sample, and specifically the
predetermined control, the process 1900 can include causing, at least in part, an indication of
the predetermined control. Such an indication can include displaying the specific control
type on a display of the biosensor system.

[0284] Alternatively, or in addition, after determining the type of the sample, and specifically
the predetermined control, the operation of the biosensor system performing the process 1900
can be modified based on the determined predetermined control. For example, if different
equations or sets of equations are used to determine whether the operation and/or calibration
of the biosensor system is correct, the specific equations that are used can be dependent upon
the specific predetermined control that is used for the verification of the operation and/or
calibration. Upon determining the predetermined control that is being analyzed by the
biosensor system, the biosensor system can select the appropriate equations to use according
to the determined predetermined control. Accordingly, a user of a biosensor system that is
configured to perform the process 1900 can use one of a multitude of different controls with
the biosensor system. The biosensor system, in response to performing the process 1900, can
identify the specific control that is being used and modify its functionality and/or operation
appropriately. Thus, a user is not relied upon to select the correct control for the biosensor
system. In contrast, the biosensor system, through the process 1900, can accommodate
multiple different controls, which can simplify use of the biosensor system and/or reduce
potential errors.

[0285] In addition, or in the alternative, to distinguishing between a control and a biological
sample, or between multiple different controls, analysis of the second output signal, alone or
in combination with analysis of the first output signal, can allow for other functionality
and/or operation within a biosensor system. Such additional analysis and the related
functionality and/or operation can provide management of interference effects from one or

more interference species within the biological sample.
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[0286] Interference is a common subject in analyte determinations in samples by biosensor
systems, especially biosensor systems used in biological samples, such as WB. Modes of
interference can include (a) species oxidized at the working electrode simultaneously with the
target analyte without the enzyme activated reaction and (b) species oxidized by the enzyme
due to the non-specificity toward the interferent substrate. Oxidizable interference species
include ASA and Dop, and to a lesser extent UA and AA. Enzyme sensitive interference
species can include xylose with FAD-GDH enzyme. Modes of interference can also include
species that affect the signal used to indicate hematocrit. Less obvious modes of interference
can also include species that affect the electrode activity in a subtle, negative way.

[0287] Interference species can be divided into internal and external species, with internal
species being those present naturally in the biological system or the human body, such as Dop
and UA, and external species being those taken in by the individuals, such as ASA, AA, and
xylose. In biosensor systems where only the working electrode having reagent chemistry for
the target analyte is excited by applying a potential, the presence of the interference species is
not detected at the working electrode. Moreover, in biosensor systems where an auxiliary
electrode provides a single fixed potential, the presence of the interference species also is not
detected at the auxiliary electrode.

[0288] The goal of interference management is to remove/minimize the effects from the
interference species. Indeed, interference species can be encountered during the analysis of
an analyte in a biological sample by a biosensor system. In such a situation, effects of the
interference species can be measured as part of an output signal of the biosensor system used
to determine the analyte concentration. Such interference by the interference species can go
undetected, affecting the determined concentration of the analyte. Conventional approaches
attempt to alleviate the effects of interference species with the introduction of new reagents
on the working electrode. The new reagents, such as new mediators, can lower the operation
potential for the biosensor systems, which in turn lowers the effects of most interference
species in the biological samples.

[0289] Interference management provides for the biosensor system to detect interference
signals and/or signals that are used to compute parameters for detecting/recognizing the
interference effects. Specifically, the method of interference management involves sorting
one or more signals, and/or one or more parameters related to interference effects, such that
interference data and normal data are separated by defined boundaries with thresholds. More
specifically, the disclosed method involves applying intertwined input signals to the

biosensor systems and measuring signals responsive to the input signals. The resulting output
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data can be sorted and one or more signals, and/or one or more parameters, are
organized/formulated to define the boundaries between normal data and interference data.
When the normal data and the interference data are separated, appropriate actions can be
taken to manage the outcome for the individual cases. For instance, if an individual data
point is identified in the normal data region, as defined by the separation map with threshold
values, normal calculation/compensation for analyte concentration can be carried out. If]
however, the individual data point is identified in the region of likely overlap between no/low
interference and moderate interference, special calculation/compensation for the analyte
concentration can be carried out. Finally, if the individual data point is identified in the
region of high interference, this data point can be rejected because of the detected high
interference signals/parameters based on the separation map.

[0290] In the case of biosensor systems measuring glucose concentrations, interference
species in biological samples can interfere with glucose concentration measurements in
different ways. There can be interference species that are directly oxidizable at the working
electrode. Such interferences species include, for example, ASA and Dop (or catechol
amines). There can be interference species that are sensitive to the reagents and generate
additional electrons, regardless of whether these species are oxidizable. Such interference
species include, for example, xylose with respect to the enzyme FAD-GDH for glucose. This
interference species can contribute to high bias. Eliminating or reducing the effects of xylose
from the FAD-GDH enzyme would require a xylose insensitive enzyme, which can be cost-
probative by not being backwards compatible with the existing biosensor systems, including
the algorithms of the existing biosensor systems, and/or not chemically possible for all
interference species.

[0291] Other interference species may not necessarily contribute positively to the working
electrode output signal but may still affect the electrochemical reaction at the electrode
surface, such as AA and UA for the working electrode. Other interference species may affect
the output signals of the hematocrit pulse that represent the sample hematocrit level, such as
cholesterol, and free hemoglobin in the WB sample which can lead to erroneous
determinations of glucose concentrations through compensation with the erroneous
hematocrit signals.

[0292] Because the effects of the interference signals are combined with the effects of the
analyte and/or reagents at the working electrode, there is no way of eliminating or reducing
the effects from the output signal of the working electrode. However, for intertwined gated

input signals with a bare electrode pulsing at different potentials, intertwined with pulses
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from the working electrode, the resulting measured currents can be used to identify the
effects of the interference species for compensation purposes. Moreover, such detection of
such interference species is possible without having to rely on an interference species
insensitive enzyme, such as a xylose insensitive enzyme, and likely reduces the cost of
developing a new sensor.

[0293] With the bare electrode being poised at different potentials with different pulses, the
resulting second output signal includes signals related to different behaviors of different
interference species within the sample. The second output signal, or one or more parameters
generated from the second output signal, can be analyzed alone and/or in combination with
the first output signal, or one or more parameters from the first output signal, for detecting the
presence of the interference species based on the different behaviors.

[0294] For example, starting at a potential equal to the operation potential of the first input
signal applied by the working electrode (e.g., working electrode 114), pulses applied as the
second input signal across a bare electrode (e.g., bare electrode 118) and a counter electrode
(e.g., counter electrode 116) first detect any species that would also be detected in response to
the first input signal of the same operation potential. The second input signal pulses then go
onto progressively higher potentials to probe the near and far potential fields for other
interference species that may not show any detectable signals at the operation potentials of
the first input signal, but still have other positive and/or negative effects on the first output
signal in response to the first input signal.

[0295] In the case of a mediator having a relatively low redox potential as one method to
reduce the oxidizable interference effects, an example of this strategy is the use of the MLB
mediator, where the redox potential is about 200 mV lower than that of the conventional
ferricyanide mediator. As a result of using MLB as the mediator, the positive erroneous
effects on the output signals from the working electrode by AA and UA are mostly avoided.
Tables 3-7 below show the typical effects on the output signals from some of the interference

species in the WB samples.
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Glucose Added Dop Currents %-bias to Glucose, | Added ASA | Currents %-bias
(mg/dL) (mg/dL) (mV) blank (mg/dL) (mg/dL) (mV) to blank

~80 0 66.47 0.00 ~80 0 64.54 0.00

4 74.25 11.72 4 70.38 9.05
7 78.96 18.80 5 71.86 11.34
13 94.52 4221 8 76.33 18.27
12 82.44 27.73
~300 0 261.38 0.00 ~300 0 268.41 0.00
4 265.12 1.43 4 275.01 2.46
7 263.85 0.95 5 279.44 411
13 268.96 2.90 8 281.43 4.85
12 288.07 7.32
Table 3 - Effects of Added Dop and ASA on Output Currents
Added
Glucose Added AA Currents %-bias to Glucose UA %-bias to
(mg/dL) (mg/dL) (mV) blank (mg/dL) | (mg/dL) | Currents (mV) blank
~80 0 64.46 0.00 ~80 0 71.78 0.00
10 63.68 -1.20 10 68.61 -4.42
20 62.08 -3.69 25 64.02 -10.82
32 62.55 -2.95 40 61.60 -14.19
~300 0 264.93 0.00 ~300 0 270.90 0.00
10 261.38 -1.34 10 268.91 -0.73
20 259.23 -2.15 25 266.47 -1.63
32 261.03 -1.47 40 267.91 -1.10

Table 4 - Effects of Added AA and UA on Output Currents
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Glucose | Added BRB | Currents | %-bias to Glucose | Added PAM %-bias to
(mg/dL) (mg/dL) (mV) blank (mg/dL) (mg/dL) Currents (mV) blank

~80 0 63.37 0.00 ~80 0 60.89 0.00
10 63.68 0.49 6 61.25 0.59
20 62.73 -1.00 26 61.68 1.30
30 63.07 -0.47 102 58.45 -4.01
40 61.67 -2.67 205 55.78 -8.39
~300 0 259.27 0.00 ~300 0 250.00 0.00
10 259.14 -0.05 6 251.03 0.41
20 263.62 1.68 26 252.88 1.15
30 264.92 2.18 102 251.82 0.73
40 263.58 1.66 205 250.84 0.34
Table 5 - Effects of Added BRB and PAM on Output Currents
Glucose | Added XY | Currents | %-bias to Glucose Added XY Currents %-bias to
(mg/dL) (mg/dL) (mV) blank (mg/dL) (mg/dL) (mV) blank
~80 0 61.80 0.00 ~50 0 36.04 0.00
50 92.50 49.67 50 64.94 80.18
100 119.53 93.40 200 149.29 314.21
200 174.48 182.32 ~110 0 83.37 0.00
50 110.76 32.84
~300 0 262.64 0.00 200 187.45 124.82
50 294.03 11.95 ~180 0 148.79 0.00
100 307.92 17.24 50 175.62 18.04
200 362.09 37.87 200 251.68 69.16

Table 6 - Effects of Added XY on Output Currents (Two Studies)

Glucose | Added Hb ime,s Currents %-bias ig 4 Currents %-bias
(mg/dL) (g/dL) (mV) to blank (mV) to blank
80 0 63.51 0.00 2227.07 0.00

3 63.95 0.68 2055.81 -7.69
5 63.52 0.01 1906.98 -14.37
12 63.88 0.58 1638.45 -26.43
300 0 262.30 0.00 2201.15 0.00
3 264.69 0.91 2043.85 -7.15
6 255.89 -2.44 1903.95 -13.50
12 234.10 -10.75 1614.12 -26.67

Table 7 - Effects of Added Hb on Output Currents
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Glucose Added CH i s Currents %-bias ig 4 Currents %-bias
(mg/dL) (mg/dL) (mV) to blank (mV) to blank
80 0 63.81 0.00 2405.13 0.00

150 63.80 -0.02 2267.65 -5.72
250 62.59 -1.91 2196.00 -8.70
550 57.20 -10.37 1933.59 -19.61
300 0 273.23 0.00 2390.30 0.00
150 274.12 0.32 2278.51 -4.68
250 267.42 -2.13 2185.77 -8.56
550 241.53 -11.60 1903.99 -20.35

Table 8 - Effects of Added Cholesterol on Output Currents

[0296] For comparison purposes, the voltammograms of a blank WB sample at 300 mg/dL of
glucose, with separately added Dop of 13 mg/dL, added AA of 10 mg/dL, and added UA of
10 mg/dL to the WB blank are superimposed together in FIG. 20. As a reference, the main
working electrode with reagent chemistry for glucose measurement is operated at 0.25 V,
which is represented by the vertical line at 0.25 V in FIG. 20. The two other operation
potentials at 0.35 V and 0.5 V are also represented by the vertical lines at these two positions.
Since the second working electrode having no added reagent chemistry cannot oxidize the
target analyte glucose, the blank voltammogram shows very low currents at the second
electrode. With the addition of 13 mg/dL Dop to the blank WB sample of 300 mg/dL
glucose, there is a large increase to the second electrode’s output currents at 0.25 V. For AA
and UA, on the other hand, there is virtually no change in current at 0.25 V in the
voltammogram at the added level of 10 mg/dL of each species. The current increases are
only at high potentials, such at 0.35 V and 0.5 V. Thus, Dop and ASA (not shown here) are
oxidizable species that contribute positively to the output currents of the first working
electrode (Table 3). From FIG. 20, AA and UA are not oxidizable at 0.25V and,
presumably, have little or no positive effect to the output currents of the first working
electrode.

[0297] Referring to Table 3, the examples in this table show the positive effects from
oxidizable interference species (Dop and ASA). The error (%-bias) in glucose is expected to
be equivalent to that of the current error as a result. Typically, the effects of interference are
more significant at low glucose concentrations (about 80-120 mg/dL). At high glucose

concentrations (about 300 mg/d), the interference effects become less significant, or have no
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significance, as can be seen in both the ASA and Dop cases. Fortunately, the natural amount
of Dop in human body is much lower than the concentrations tested (MTC/URV = 0.04
mg/dL versus the lowest addition of 4 mg/dL). Note that MTC is the maximum therapeutic
concentration for each potential interference species while URYV is the upper reference value
for the species. As a result of dopamine’s MTC = 0.04 mg/dL, there should be no clinical
significance from Dop’s interference even though Dop has the potential to give a relatively
large positive %-bias at low glucose concentrations. On the other hand, ASA as an external
substance may be taken in with food, such as drinking orange juice, and the instant
concentration can be rather high. Other potential interference species that behave like Dop
and/or ASA should have similar effects on the output currents.

[0298] Table 4 provides examples of the effects from interference species (AA and UA) that
are seemingly not oxidizable at the potential equivalent to the first electrode having the
reagent chemistry for the target analyte (e.g., 0.25 V). Even though voltammograms of AA
and UA show very little activity at 0.25 V, the interference tests with added AA and UA do
show slightly negative effects for AA and moderately negative effects for UA at the glucose
level of 80 mg/dL. These subtle negative effects cannot be predicted by the simple
voltammetric behavior of the individual interference species (AA and UA in FIG. 20), and a
better method is needed for detection of AA and UA, instead of relying on simply avoiding
the oxidation of these species.

[0299] Table 5 provides examples of the effects from the added BRB and PAM. While there
is no effect from the added BRB, the added PAM had a slightly negative effect on the iy s
current. The behavior of the glucose sensor with the added PAM is similar to that with UA
and consideration should be given to the subtle effects from PAM.

[0300] Table 6 provides two sets of xylose interference tests. Positive biases from xylose are
due to the sensitivity to xylose of the glucose dehydrogenase enzyme (FAD-GDH). The
positive error from xylose is significant at low glucose concentrations, but becomes
diminishing at high glucose concentrations. The use of xylose is mainly in the
gastrointestinal malabsorption test, which is declining recently. Nonetheless, the xylose
interference effect can be substantial if encountered.

[0301] Table 7 provides test results for the Hb interference study. While the effects on the

main electrode (inve s currents) range from none at low glucose to slightly negative at high
glucose, the major effect is shown on the hematocrit signal iy 4. Where the blank sample is at

42% Hct, a negative bias of -26% of the i4 currents relative to the blank sample at high
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added Hb level of 12 g/dL. would represent a hematocrit level of 55% and, thus, would lead to
over compensation based on the iy 4 currents.

[0302] Table 8 provides test results for the cholesterol interference study. While the effects
of the highest added level of cholesterol on the main electrode currents (ipe 5) 1s moderately
at ~-10% for both 80 and 300 mg/dL baseline glucose, the effects of the moderate additions
of cholesterol (150 — 250 mg/dL) on the output currents for the target analyte electrode tend
to be negative but are negligibly small. However, there are moderate to high negative
impacts on the Hct signals (current ig4) with increasing additions of cholesterol to both 80
and 300 mg/dL baseline glucose. These changes in the Hct signals are enough to cause
erroneous determinations of the target analyte through their inputs in the compensation
equation.

[0303] Given the subtle influences of the individual species on the output currents of the first
working electrode, conducting a simple subtractive compensation by inputting the currents
from the second working electrode proportionally into a compensation algorithm for the
output currents of the first working electrode may not be effective. Systematically, managing
the interference effects of various interference species can be accomplished by sorting the
data in terms of one or more signals, and/or one or parameters related to interference
detection. Below is an example of sorting and separating the normal data and the interference
data in terms of relevant parameters. The interference species of a more or less oxidative

nature can be categorically characterized by the bare electrode pulse ratios, such as RGyy
(ig14/igas at 025V and 1.0V, respectively), RGy (ig24/igss at 035V and 1.0V,

respectively), and RGss (g3 4/1ga4 at 0.5V and 1.0V, respectively). These parameters are
plotted in FIGS. 21A and 21B in their full range as a result of the interference tests. Since the
electrochemical pulse at 1.0 V in WB samples provides relatively constant currents, taking
ratios of the currents at 0.25V, 0.35V, and 0.5V to the currents at 1.0 V normalizes the
interference effects at different potentials for all oxidizable species. One way of showing the
interference effects of various species is to plot RGsy versus RGyy and RGyy versus RGyy.
These plots are shown in FIGS. 21A and 21B for the interference species of Dop, ASA, AA,
UA, BRB, and XY, along with the data from lab studies and donor studies.

[0304] It can be seen from FIGS. 21A and 21B that data points from lab and donor studies
with no or low interference species present (the normal data) are located at the lower left

corner effectively within about 0-0.035 RGj4 and about 0-0.25 RGsy. More detail
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distribution of the different species can be seen in FIG. 21C and further in FIG. 21D with the
expanded x- and y-axes. For the non-electrochemically oxidizable species BRB and xylose,
they are also within this region. However, for the electrochemically active species before, at,
and beyond 0.25 V (or the same operation potential of the first working electrode), such as
Dop and to a lesser extent ASA, the data is expressed along the horizontal direction,
extending along the RGy4 axis. On the other hand, for the electrochemically less active
species at 0.25 V but more active at higher potentials, such as AA and UA, the data is
expressed along the vertical direction extending along the RG34 axis. This characteristic is
expressed more in FIG. 21B in the plot of RGjs4 versus RGyy. The threshold values of
separation between the normal and interference data are stored at the biosensor system
memory storage. Once a data set is measured, the relevant parameters are computed and
compared to the threshold values. The interference species is detected categorically by
reference to these threshold values such that identification of the exact interference species is
not necessary. Species other than Dop, ASA, UA, and AA may be detected as long as their
relevant parameters fall in the defined regions of the RG34 versus RGy4 or RGyy versus RGyy
domains, such as the one in FIGS. 21C and 21D. Based on comparisons of the relevant
parameters to the pre-set threshold values, the biosensor system can be directed to make a
decision on calculating and reporting a glucose reading based on a normal compensation
algorithm, providing a warning for the end-user, compensating for the interference effect,
rejecting the test result, or combination thereof.

[0305] Equally important is the sorting and separation of the interference data from normal
data in terms of measured signals, which are presented in example plots in Fig. 21E-21H. In
all figures, “Lab” represents the data acquired from lab tests at temperatures of 5-45 °C,
hematocrits of 0-70%, and glucose at 50 to 600 mg/dL at discrete levels. “Donor” represents
data from internal donor studies with random glucose concentrations and hematocrit levels at
ambient room temperatures (20-24 °C). The individual interference test results are shown in
Tables 1-8. Fig. 21E represents the sorting and separation of ASA and Dop data from the lab

and donor study data in terms of currents G4 and currents Gyg. Since the G; pulse is
operated at the same potential of 0.25 V as the main pulses M3, My, Ms, and Mg, positive
signals above the separation limit defined by the line Y = 0.04*x (where y is ig1 4 and x is

1G4 4) signify the intolerable interference levels for normal calculation/compensation of the

analyte concentrations from these two species. Similarly, FIG. 21F represents the sorting and
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separation of AA, UA, and PAM data from the lab and donor study data in terms of currents
G34 and currents Gyy. Since the Gj pulse is operated at the 0.5 V potential probing the
distance neighborhood of the operation potential at 0.25 V of the main electrode, positive
signals above the separation limit defined the line Y = 0.22*x (where y is ig3 4 and X 1S 1G4 4)
also signify the intolerable interference levels for normal calculation/compensation of the
analyte concentrations from these species. Furthermore, FIG. 21G presents the sorting and

separation of PAM data from the lab and donor study data in terms of currents ig4 4 versus

temperature. The high currents igs4 provide a unique identification of this interference
species. Finally, FIG. 21H presents the sorting and separation of Hb data from the lab and
donor study data in terms of parameter RGy3 — RGg3; versus currents igs 4. This is a unique
example of sorting and separation by combining the parameter and measured signals. In all
examples, a special algorithm emphasizing the high levels of interference signals is used for
the calculation/compensation, instead of the normal calculation/compensation algorithm.

[0306] Based on data distributions of the normal samples from lab studies and donor studies,

as well as the those from interference species, a strategy for interference detection,

compensation, and rejection was determined as follows: (A) if the RGyy value is below
RGyy limitl (0.035, for instance) and RGsy value below RGsy limitl (0.3, for instance),
normal compensation to the raw signals and the output results from a conversion function, as
provided by the primary and residual compensations, is performed; (B) if the RGy4 value is
between RGyy limitl (0.035) and RG4_limit2 (0.08, for example), and RG34 value between

RG34 limitl (0.3) and RGsy_limit2 (0.6, for example), a special compensation is provided
with significant inputs from these and other relative parameters to remove the effects on the

output signals of the first working electrode; and (C) if the RGy4 value is outside the

RGyy limit2, or the RG34 value is outside the RGsy limit2, rejection of the data point can
occur. These three regions are depicted in FIG. 21A.

[0307] Referring to FIGS. 22A-22D, these figures present examples of compensation results
with the special algorithm in comparison to compensation results with the normal algorithm
for various different interference species, according to aspects of the present disclosure.
Specifically, FIG. 22A shows the compensation results of the special algorithm in
comparison to the compensation results of the normal algorithm for ASA. FIG. 22B shows
the compensation results of the special algorithm in comparison to the compensation results

of the normal algorithm for UA. FIG. 22C shows the compensation results of the special
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algorithm in comparison to the compensation results of the normal algorithm for PAM. FIG.
22D shows the compensation results of the special algorithm in comparison to the
compensation results of the normal algorithm for Hb. The x-axes in FIGS. 22A-22D
represent the added concentrations of ASA, UA, PAM, and Hb, respectively, in mg/dL for
ASA, UA, and PAM and g/dL for Hb for each of the two baseline glucose concentrations,
namely 80 mg/dL (data points left of center on the x-axes) and 300 mg/dL (data points right
of center on the x-axes), where repeated x-axes values represent multiple data points for the
same concentration of the interference species (e.g., ASA, UA, PAM, and Hb). For the
normal compensation results, the large biases may be seen with high added interference
levels, such as at 8 and 12 mg/dL of ASA of 80 mg/dL baseline glucose, 25 and 40 mg/dL of
added UA, 102 and 205 mg/dL of added PAM, and 12 g/dL. of added hemoglobin.
Interference management for ASA and UA can rely on the boundary values in the sorting and
separation shown in FIG. 21C, while that for PAM and Hb can rely on the boundary values in
the sorting separation shown in FIG. 21F and 21G, respectively.

[0308] For the detection of xylose, however, signals from direct electrochemical oxidation
are not readily available from the second electrode having no added reagent, and thus
detecting and isolating the xylose interference effects become difficult if not impossible
based on the conventional method. Using enzymes that are insensitive to xylose has been the
only choice in avoiding the xylose effect. However, according to the concepts of the present
disclosure, it is demonstrated that, by processing the output signals from the intertwined input
signals, certain ranges of xylose can be detected and glucose readings contaminated with
xylose can be rejected based on certain criteria.

[0309] FIGS. 23A and 23B are graphs that show how detecting xylose at highly biased levels
at room temperature (RT) is possible with information from processing output signals of the

first, second and/or combination of both, in accord with aspects of the present disclosure. In

the graphs of FIGS. 23A and 23B, the parameters MgGy and Rg; (as defined above) are

plotted against the parameter Rgs (also as defined above) for data from lab studies, and xylose
interference studies at 80 or 300 mg/dL baseline glucose below. These parameters are based
on the first output signals in relation to the second output signals.

[0310] FIG. 23A shows a plot of MGy MGy = ines/icss) versus Rgs for data from a
normal lab study (fresh venous samples and altered venous samples tested at room
temperature of 22+2°C, with glucose ranging from 43 to 600 mg/dL and %-Hct ranging from

20 to 60%) and data from two xylose interference studies at room temperature and 42% Hct
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(xylose Study 1: added xylose of 0, 50, 100, and 200 mg/dL to the WB samples of 80 and
300 mg/dL baseline glucose; xylose Study 2: added xylose of 0, 50 and 200 mg/dL to the

WB samples of 50, 110 and 180 mg/dL baseline glucose). FIG. 23B shows a plot of Rg;
versus Rgs for data from the same studies.
[0311] It can be seen from FIGS. 23A and 23B that both parameters MgGy and Rg; against

Rgs provide very noticeable patterns for detecting and isolating xylose from the normal

glucose data. Without wishing to be bound by any theory, these two plots highlight two
different xylose WB behaviors with respect to the xylose detection. First, there may be some

rate difference in the enzyme reactions towards glucose and xylose at a short time and a later
time. This is captured by the inter-pulse ratios of Rg; and Rgs and is plotted in Rg; versus
Rg¢s, where the inter-pulse ratios of the last pulse to pulse 1 and to the pulse 5 may provide

subtle recording of this rate differences at earlier and later times. Secondly, there may be
some subtle effect of xylose on the bare electrode pulse currents at various potential pulses,

but to a larger extent at 1.0 V. This subtle effect is expressed as the depressed output signals

relative to the normal WB samples. Subsequently, the ratios of pulse Mg to pulse Gy

effectively rise above the normal WB sample data in the MGy versus Rgs plot.

[0312] According to FIGS. 23A and 23B, both plots can provide for detection of xylose.
However, FIG. 23B represents an example of detecting xylose with measured signals from
the main electrode alone (the electrode having reagent chemistry for the target analyte, such
as glucose) without the G pulse signals. This detection method can be implemented with the
general gated amperometry method, which is incorporated by reference here.

[0313] Sorting and separating the normal data from the interference data for xylose can be

further improved by adjusting the Rgs values through temperature correction of the Rgs

values. FIGS. 24A-24C show MgGy versus Rgs plots before and after the correction of
temperature effects, and after the correction for temperature and hematocrit effects.

Specifically, FIG. 24A shows the relationship of MgGy versus Rgs before temperature
correction. FIG. 24B shows the relationship of MGy versus Rgs after temperature correction.
FIG. 24C shows the relationship of MgGy versus Rgs after temperature correction and

hematocrit correction. Similarly, FIGS. 24D-24F show Rg; versus Rgs plots before and after
the correction of temperature effects, and after the correction for temperature and hematocrit

effects. Specifically, FIG. 24D shows the relationship of Rg; versus Rgs before temperature
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correction. FIG. 24E shows the relationship of Rg; versus Rgs after temperature correction.
FIG. 24F shows the relationship of Rg; versus Rgs after temperature correction and
hematocrit correction. Correction for the temperature effect on Rg5 can be done in many
ways. One of such correction methods is by Equation 2:
R65 T =Ro65*exp(TempCo*(25°C — T)) (2)

where 25°C is the reference point of temperature; Rgs is the uncorrected value and Rgs T is
the temperature-corrected value, and TempCo is the temperature coefficient in %-change/°C,
which is a function of temperature. Based on the existing R65 data, the temperature
coefficients of Rgs are set as follow: if T < 12 °C, TempCo = -.0075; if 12 °C < T <19 °C,
TempCo = -.006; if 19 °C < T <26 °C, TempCo =-.0045; if 26 °C < T <33 °C, TempCo = -
0.0015; above 33°C, TempCo = 0. There is a small hematocrit effect on Rg5 according to the
following relationship: Rgs T = -0.00001*ig4 + 1.0324 where Rgs T is the temperature
corrected Rgs value and iy1.4 is the ending current of the Hct pulse. The hematocrit effects on
Res_T based on the iy 4 values can be corrected to further adjust the Res distribution based on

the Rgs_ T versus iy relationship.  The relationships of MgGy and Rg; to Rgs TH (after
temperature and hematocrit corrections) are shown in FIG. 24C and FIG. 24F respectively.

[0314] For the xylose interference management, FIG. 25A presents a plot of data sorting and
separation between normal data and interference data caused by xylose interference. Three
regions of data are shown in FIG. 25A, which include: (A) normal calculation/compensation
where the user data (donor study self-testing data) and the lab data tested at 17, 23, and 28 °C
dominate, (B) overlap between the lab/donor study data and the low xylose concentration
data, and (C) high xylose concentration data. Region B with low xylose concentration can be
practically important because this is where xylose interference may occur (MTC ~60 mg/dL
xylose). A special compensation algorithm can be applied in this region based on the values
of MgGy and Rgs T of the data points. Higher xylose concentrations are unlikely to occur

and they are more readily detected and rejected. An example of the division boundaries can
be represented by the first boundary between regions A and B as defined by a vertical line of
x =0.9689, a horizontal line of y = 0.1, and a line intersecting with the vertical and horizontal
lines at y = -30.714*x + 31.793, as well as by the second boundary between regions B and C
as defined by a vertical line of x = 0.99, a horizontal line of y = 1.0 and a line intersecting
with the vertical and horizontal lines at y = -30.714*x + 32.543. Other boundary definitions

may be possible depending the data populations of normal and xylose interference data.
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Similar divisions and boundary definitions can be applied to the domain of Rg; versus
R¢s. TH for the separation of normal and xylose interference data, or the domain of the
combined Rg; and MgGy versus Rgs TH or the like. The compensation equation for data in
region B follows the methodology of routine multi-variable regression as disclosed in U.S.
Patent No. 9,164,076, filed May 27, 2011, entitled “Slope-Based Compensation Including
Secondary Output Signals,” U.S. Patent No. 8,744,776, filed June 6, 2011, entitled “Method
for Determining Analyte Concentration Based on Complex Index Functions,” International
Application No. PCT/US2009/067150, filed December 8, 2009, entitled, “Biosensor System
With Signal Adjustment,” and International Application No. PCT/US2008/085768, filed
December 6, 2008, entitled, “Slope-Based Compensation.” using error parameters such as the
inter-pulse ratios, intra-pulse ratios, and the likes, each of which is hereby incorporated by
reference herein in its entirety.

[0315] FIG. 25B presents the compensation results for xylose interference study XY-1. In
this data set, the 100 and 200 mg/dL of the xylose data points with the 80 mg/dL baseline
glucose as well as the 200 mg/dL xylose data points with the 300 mg/dL baseline glucose
were not in the algorithm regression. The numbers in the x-axis represent the added xylose
concentration in mg/dL. for each baseline glucose concentration, namely glucose
concentrations of 80 mg/dL (data points left of center on the x-axes) and 300 mg/dL (data
points right of center on the x-axes), where repeated x-axis values represent multiple data
points for the same concentration. It can be seen from the plot that the compensation results
with the normal algorithm (not accounting for the xylose effects) gave substantial positive
biases as expected. The 50 mg/dL xylose results from the special algorithm gave results that
are well within £15% for 80 and 300 mg/dL baseline glucose. The large biases (~80%) from
the 100 mg/dL xylose data points for the 80 mg/dL baseline glucose (not in training) were
substantially reduced to ~20%, which may still be subjected to rejections or partial rejections
due to the higher MgGy values. For the 200 mg/dL xylose data points, they are very likely to
be rejected based on the sorting and separation map in FIG. 25A.

[0316] FIG. 25C presents the compensation results with the special algorithm to reduce the
xylose effects with similar results of bias reduction. This study included three baseline
glucose concentrations: 50, 110, and 180 mg/dL, to each of the baseline glucose are added O,
50, and 200 mg/dL xylose. The data from normal and special compensations are presented in
the order of 50, 110, and 180 mg/dL baseline glucose. The positive biases at 50 mg/dL

xylose are reduced to the same level as the baseline glucose, while the much higher biases at
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200 mg/dL xylose are substantially reduced. The much higher biases at 200 mg/dL xylose
are also very likely being detected and rejected according to the method and process outlined
in the present disclosure. The numbers in the x-axis represent the added xylose concentration
in mg/dL. for each baseline glucose concentration, namely glucose concentrations of 50
mg/dL (first grouping of data points on the left), 110 mg/dL (second grouping of data points
in the middle), and 180 mg/dL (third grouping of data points on the right), where repeated x-
axis values represent multiple data points for the same xylose concentration.

[0317] FIG. 26 is a flowchart of a process 2600 for taking into account the effects of one or
more interference species within a sample, in accord with aspects of the present disclosure.
The process 2600 can be performed by a biosensor system, such as the biosensor system 100
discussed above. Specifically, the biosensor system performing the process 2600 can be a
device for determining the concentration of glucose in a blood sample, such as a WB sample.
[0318] At step 2602, a first input signal (e.g., working input signal) and a second input signal
(e.g., bare input signal) are applied to the sample according to the methods discussed above.
Specifically, the working input signal and the bare input single are applied in a non-
concurrent and intertwined relationship, as described above.

[0319] At step 2604, a working output signal and a bare output signal are measured in
response to the intertwined working and bare input signals. The measurement of the first
output signal and the second output signal occurs as discussed above, such as by a
measurement device recording currents responsive to the working and bare output signals.
[0320] At step 2606, one or more parameters are calculated based on the bare output signal,
the bare output signal relative to the working output signal, or a combination thereof. The
one or more parameters that are calculated are related to the working output signal that is
attributable to the one or more interference species in the sample. Thus, the one or more
parameters can be analyzed to determine the levels of interference in the determination of the

concentration of the analyte. The one or more parameters that can be calculated are, for
example, RGy4, RGyy, and RGsy, as described above, in addition to other errors parameters,
such as MgGy, Rgs, and Rg;.

[0321] At step 2608, the one or more parameters are compared to one or more corresponding

thresholds of the parameters to determine the level of interference by the one or more
interference species. For example, the parameters of RGy4, RGy4, and RGs4 can be compared
to pre-set thresholds that relate the parameters to effects on the determination of the

concentration of the analyte, which are attributable to known interferences species and their
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related concentrations. In some aspects, each parameter can be compared to a single
threshold. The single threshold can distinguish between no effect or minimal effect of the
interference species on the concentration determination of the analyte and some effect or
more than a minimal effect of the interference species on the concentration determination of
the analyte. In alternative aspects, each parameter can be compared to more than one
threshold. For example, each parameter can be compared to two thresholds (step 2310). The
first threshold can distinguish between normal levels of the interference species and elevated
levels of the interference species, and the second threshold can distinguish between the
elevated levels of the interference species and error levels of the interference species. The
error levels may correspond to an error condition of the biosensor system or error levels of
the interference species that cannot be accounted for in the determination of the concentration
of the analyte. The situation illustrated and described with respect to the process 2600
corresponds to the situation where there are at least two thresholds for the parameters.

[0322] After determining that the parameters satisfy the first threshold, such as the
parameters being within the pre-set limits of interference species, the biosensor system can
proceed under step 2610 with determining the concentration of the analyte under normal
conditions. Such a determination under normal conditions can include, for example, using
correlations and/or compensation equations, or other methods as described above for
determining an analyte concentration, that do not account for, or account for minimal effect,
of the one or more interference species on the concentration determination of the analyte.
[0323] After determining that the parameters do not satisfy the first threshold but satisfy the
second threshold, such as the parameters being above the pre-set limits of interference species
but under the error conditions, the biosensor system can proceed under step 2612 with
determining the concentration of the analyte under elevated or intermediate conditions. Such
a determination under elevated or intermediate conditions can include, for example, using
correlations and/or compensation equations, or other methods as described above for
determining an analyte concentration, that account for effects of one or more interference
species on the concentration determination of the analyte.

[0324] After determining that the parameters do not satisfy the first and second thresholds,
such as the parameters being above the error condition thresholds, the biosensor system can
proceed under step 2614. According to step 2614, the biosensor system can provide a
warning to the user. The warning can be a visual, audible, and/or tactile warning indicating
that the concentration determination of the analyte is not feasible and/or cannot be relied

upon based on the presence of one or more interference species at above error level
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thresholds. In some aspects, the one or more interference species that are causing the
conditions can be identified.

[0325] According the foregoing disclosure, intertwined first and second input signals provide
benefits over conventional probing of a sample in determining a concentration of an analyte.
Based on some of the benefits, the intertwined first and second input signals and associated
methods of analysis allow for (1) improved detection and identification of controls; (2)
improved information on interference species; (3) improved information for detecting error
related to interference species on the working electrode; (4) improved information for error
compensation from the working electrode and the bare electrode without chemical reagent;
and (5) improved accurate and speed in the assay, such as an assay time of three second or
less, while still achieving higher accuracy and precision.

[0326] Whole blood sample profiling is another subject of this disclosure. Interference
species may be troublesome in the pursuit of better accuracy and interference free analysis.
On the contrary, if the interference species, especially the endogenous species can be
detected, the combination of determining glucose and reporting one or more endogenous
species in one or more parameters or determined concentrations for species such as %-
hematocrit, uric acid and cholesterol may provide additional information for the well-being of
a person. Thus, a biosensor system for monitoring glucose having a function of WB profiling
will enhance the diabetes care management. Specifically, the biosensor system may store the
WB profile in terms of their determined concentrations or their reflected parameters along
with the WB glucose readings.

[0327] Detection and determination of the %-Hct can be done with currents from the Hct
pulse. With the addition of the second input signals, determination of the %-Hct for a WB
sample may be substantially enhanced. FIG. 27A shows a plot of predicted %Hct and the
corresponding biases in %-Hct for WB samples. The %-Hct values of these WB samples
range from 28 to 60 plotted in the sequential order of increasing %-Hct. The reference %-Hct
values and the predicted %-Hct values are shown on the left y-axis while the bias of the
predicted %-Hct from the reference %-Hct values are shown in the right y-axis. It can be
seen from this plot that the predicted %-Hct tracks well with the reference %-Hct values
along the way, with greater than 92% of the data points being within +3 %-Hct (absolute %-
Hct bias = %Hpreq - %oHctrer) and greater than 99% being within +5 %-Hct. A simple

profiling of a person’s WB with glucose and %-Hct values over a period of time will provide

a recognized pattern for a particular user where his/her %-Hct values will not change
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significantly overtime. Occurrence of a sudden change in the %-Hct value may signify that a
different user may be using the biosensor system, or that there may be a strip error associated
with this particular test.

[0328] Reporting the determined concentration of endogenous species, such as, for example,
%-Hct, UA, and CH, or one or more of their representative parameters, along with the
determined glucose value provides a profile of the WB sample for a user. This profiling can
provide a long term WB profile of a user, reflecting the progressive change, or lack thereof
over time, thus benefiting the diabetes care/management. Uric acid is a waste product that is
normally found in the blood when a human body breaks down foods that contain amino acids.
High levels of uric acid has been linked to the gout, which is a form of arthritis that causes
swelling of the joints, especially in the feet and big toes. Uric acid levels can vary based on
gender. According to the Clinical Reference Laboratory (CRL), normal values for women are
2.5 to 7.5 mg/dL and 4.0 to 8.5 mg/dL for men. However, the values may vary based on the
lab doing the testing. Recent research indicates that UA may be linked to the onset of
diabetes. According to American Diabetes Association, research has shown strong links
between UA levels and metabolic syndrome, a combination of medical conditions that are
related to insulin resistance (the body's inability to respond to and use the insulin it produces)
and increase a person’s chances of getting heart disease and diabetes. Studies in people with
pre-diabetes and in the elderly have suggested that high UA levels raise a person’s chances of
getting diabetes. Thus, reporting a determined glucose concentration in a WB sample and the
concentration of UA or a parameter related to UA will provide a progressive profile of a
person as part of diabetes management. Shown in FIG. 27B is the response to added UA in
WB samples. It can be seen from this figure that both parameter the RG34 and current ig3 4
can be used to show the presence of UA in the blood sample.

[0329] 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.

[0330] Each of these embodiments, and obvious variations thereof, is contemplated as falling
within the spirit and scope of the claimed invention(s), which are set forth in the following
claims. Moreover, the present concepts expressly include any and all combinations and sub-

combinations of the preceding elements and aspects.
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CLAIMS

What is claimed is:

1. A method of determining a concentration of an analyte in a sample, the method
comprising:

intertwining a first input signal, via a first electrode having a reagent, with a second input
signal, via a second electrode lacking a reagent, the intertwining including: applying
to the sample, via the first electrode, the first input signal having at least two
excitations and a relaxation, and applying to the sample, via the second electrode, the
second input signal having at least two excitations and a relaxation, such that the
excitations of the first input signal are nonconcurrent with the excitations of the
second input signal;

measuring a first output signal responsive to the first input signal and a second output
signal responsive to the second input signal; and

determining the concentration of the analyte based on at least the first output signal and

the second output signal.

2. The method of claim 1, wherein the second electrode excludes any reagent that

facilitates oxidation of the analyte.

3. The method of claim 1, wherein the at least two excitations of the first input signal are

of a first intensity.

4. The method of claim 3, wherein the at least two excitations of the first input signal

include four excitations.

5. The method of claim 4, wherein the four excitations include a constant potential

applied to the sample via the first electrode of 0.25 volt.

6. The method of claim 1, wherein intensities of the at least two excitations of the second

input signal increase over time.

7. The method of claim 6, wherein the at least two excitations of the second input signal

include four excitations.
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8. The method of claim 7, wherein the four excitations of the second input signal include
constant potentials applied to the sample via the second electrode of 0.25 volt, 0.35 volt, 0.50
volt, and 1.00 volt.

9. The method of claim 1, wherein the at least two excitations of the second input signal

are amperometric excitations.

10. The method of claim 1, wherein the at least two excitations of the second input signal

are voltammetric excitations.

11. The method of claim 1, wherein at least one of the at least two excitations of the
second input signal is a constant potential excitation, and at least one of the at least two
excitations of the second input signal is a linear scan, a cyclic excitation, or an acyclic

excitation.

12. The method of claim 1, wherein the at least two excitations of the first input signal

are of a first pulse width.

13. The method of claim 12, wherein the at least two excitations of the second input

signal are of the first pulse width.

14. The method of claim 12, wherein the at least two excitations of the second input

signal are of a second pulse width.

15. The method of claim 12, wherein the at least two excitations of the second input

signal have varying pulse widths.

16. The method of claim 1, further comprising:

determining one or more error parameters based on the second output signal, the second
output signal relative to the first output signal, or a combination thereof,

wherein the determination of the concentration of the analyte is based, at least in part, on

the one or more error parameters.
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17. The method of claim 1, wherein the second output signal includes at least two
responses for one or more excitations of the at least two excitations of the second input

signal.

18. The method of claim 17, further comprising:

determining at least one error parameter based on the at least two responses for at least
one of the one or more excitations of the second input signal,

wherein the determination of the concentration of the analyte is based, at least in part, on
compensating for bias in an analyte concentration correlation based on the at least one

error parameter.

19. The method of claim 18, wherein the at least one error parameter is based on a ratio

of the at least two responses.

20. The method of claim 17, further comprising:

determining at least one error parameter based on (i) one of the at least two responses of a
first one of the one or more excitations of the at least two excitations of the second
input signal and (i) one of the at least two responses of a second one of the one or
more excitations of the at least two excitations of the second plurality of duty cycles,

wherein the determination of the concentration of the analyte is based, at least in part, on
compensating for bias in an analyte concentration correlation in based on the at least

one error parameter.

21. The method of claim 20, wherein the at least one error parameter is based on a ratio
of (1) the one of the at least two responses of the first one of the one or more excitations of the
at least two excitations of the second input signal and (ii) the one of the at least two responses
of the second one of the one or more excitations of the at least two excitations of the second

input signal.

22. The method of claim 1, wherein the first output signal includes at least one response
for one or more excitations of the at least two excitations of the first input signal, and the
second output cycle includes at least one response for one or more excitations of the at least

two excitations of the second input signal.
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23. The method of claim 22, further comprising:

determining at least one error parameter based on (1) the at least one response for one of
the one or more excitations of the at least one excitation of the first input signal and
(11) the at least one response for one of the one or more excitations of the at least one
excitation of the second input signal,

wherein the determination of the concentration of the analyte is based, at least in part, on
compensating for bias in an analyte concentration correlation based on the at least one

error parameter.

24. The method of claim 23, wherein the at least one error parameter is based on a ratio
of (i) the at least one response for the one of the one or more excitations of the at least one
excitation of the first input signal and (i) the at least one response for the one of the one or

more excitations of the at least one excitation of the second input signal.

25. The method of claim 1, wherein the first output signal is responsive to the

concentration of the analyte in the sample.

26. The method of claim 25, wherein the second output signal is not responsive to the

concentration of the analyte in the sample.

27. The method of claim 1, wherein the first output signal is responsive to a redox

reaction of the analyte.

28. The method of claim 27, wherein the second out signal is not responsive to the redox

reaction of the analyte.

29.  The method of claim 1, wherein the reagent of the first electrode is an

oxidoreductase.

30. The method of claim 29, wherein the reagent of the first electrode is a glucose

oxidase enzyme, a glucose dehydrogenase enzyme, or a combination thereof.

31. The method of claim 30, wherein the analyte is glucose.

32. The method of claim 31, wherein the sample is whole blood.
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33. The method of claim 31, wherein a concentration range for determining the

concentration of glucose in the sample is from about 0 mg/dL to about 900 mg/dL.

34. The method of claim 1, wherein the first electrode is in an electrically open state

during the relaxation of the first input signal.

35. The method of claim 1, wherein the second electrode is in an electrically open state

during the relaxation of the second input signal.

36. The method of claim 1, further comprising:

determining an analyte concentration correlation for the analyte in the sample based on
the first output signal; and

compensating for bias in the analyte concentration correlation based on one or more error
parameters calculated based on the second output signal, the first output signal
relative to the first output signal, or a combination thereof,

wherein the determination of the concentration of the analyte is based on the compensated

analyte concentration correlation.

37. The method of claim 36, wherein the compensation of the bias includes adjusting the
analyte concentration correlation according to a slope deviation value, an intercept deviation

value, or a combination thereof.

38. The method of claim 1, wherein the concentration of the analyte is determined within

3.2 seconds with a +5 %-bias.

39. The method of claim 38, wherein the concentration of the analyte is determined

within 3.0 seconds with a =1 %-bias.

40. The method of claim 39, wherein the concentration of the analyte is determined

within 3.0 seconds with a £0.5 %-bias.

41. A method of determining a concentration of an analyte in a sample, the method
comprising:
intertwining a first input signal via a first electrode having a reagent with a second input

signal via a second electrode lacking all reagents, the intertwining including: applying

-86 -



WO 2018/011692 PCT/IB2017/054133

to the sample, via the first electrode, the first input signal having at least two voltage
pulses, and applying to the sample, via the second electrode, the second input signal
having at least two voltage pulses, such that the at least two voltage pulses of the first
input signal are separated by at least one voltage pulse of the at least two voltage
pulses of the second input signal;

measuring a first output signal responsive to the first input signal and a second output
signal responsive to the second input signal; and

determining the concentration of the analyte based on at least the first output signal and

the second output signal.

42. The method of claim 41, wherein measuring of the second output signal responsive to
the second input signal comprises:
measuring a first current and a second current generated in response to each voltage pulse

of the second input signal.

43. The method of claim 42, wherein the first current is an initial current generated in

response to each voltage pulse of the second input signal.

44. The method of claim 42, wherein the second current is a final current generated in

response to each voltage pulse of the second input signal.

45. The method of claim 42, further comprising:

determining one or more error parameters based on the first current and the second
current of one or more voltage pulses of the at least two voltage pulses of the second
input signal,

wherein the determination of the concentration of the analyte in the sample is based, at

least in part, on the one or more error parameters.

46. The method of claim 45, wherein each error parameter of the one or more error
parameters is based on a ratio of the first current and the second current of a same voltage

pulse.

47. The method of claim 41, wherein measuring the first output signal responsive to the

first input signal comprises measuring a first current generated in response to each voltage
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pulse of the first input signal, and measuring the second output signal responsive to the
second input signal comprises measuring a second current generated in response to each

voltage pulse of the second input signal.

48. The method of claim 47, wherein the first current is an initial current generated in

response to each voltage pulse of the first input signal.

49. The method of claim 47, wherein the second current is a final current generated in

response to each voltage pulse of the second input signal.

50. The method of claim 47, further comprising:

determining one or more error parameters, each of the one or more error parameters being
based on (1) the first current of one voltage pulse of the first input signal and (ii) the
second current of one voltage pulse of the second input signal,

wherein the determination of the concentration of the analyte in the sample is based, at

least in part, on the one or more error parameters.

51. The method of claim 50, wherein each error parameter of the one or more error
parameters is based on a ratio of (1) the first current of the one voltage pulse of the first input

signal and (i1) the second current of the one voltage pulse of the second input signal.

52. A method of determining a concentration of an analyte in a sample, the method
comprising:

applying a first input signal to the sample, the first input signal including a first plurality
of duty cycles, each duty cycle of the first plurality of duty cycles including (i) an
excitation between a first electrode and a counter electrode, and (ii) a relaxation of the
first electrode, the first electrode including at least one reagent that facilitates
oxidation of the analyte;

applying a second input signal to the sample, the second input signal including a second
plurality of duty cycles, each duty cycle of the second plurality of duty cycles
including (i) an excitation between a second electrode and the counter electrode, and
(1) a relaxation of the second electrode, the second electrode excluding the at least

one reagent;
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measuring a first output signal responsive to the first input signal and a second output
signal responsive to the second input signal; and

determining the concentration of the analyte in the sample based on the first output signal
and the second output signal,

wherein at least the excitations of the first plurality of duty cycles and the second plurality

of duty cycles are intertwined.

53. The method of claim 52, wherein the second electrode excludes all reagents that

facilitate oxidation of the analyte.

54. The method of claim 52, wherein the excitations of the first plurality of duty cycles

are of a first intensity.

55. The method of claim 54, wherein the excitations of the first plurality of duty cycles

include four excitations.

56. The method of claim 55, wherein the four excitations of the first plurality of duty
cycles include a constant electrical potential applied across the first electrode and the counter

electrode of 0.25 volt.

57. The method of claim 52, wherein intensities of the excitations of the second plurality

of duty cycles increase over time.

58. The method of claim 57, wherein the intensities of the excitations of the second

plurality of duty cycles doubles with each excitation of the second plurality of duty cycles.

59. The method of claim 57, wherein the excitations of the second plurality of duty

cycles include four excitations.

60. The method of claim 59, wherein the four excitations of the second plurality of duty
cycles include constant potentials applied across the second electrode and the counter

electrode of 0.25 volt, 0.35 volt, 0.50 volt, and 1.00 volt.

61. The method of claim 52, wherein the excitations of the second plurality of duty

cycles are amperometric excitations.
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62. The method of claim 52, wherein the excitations of the second plurality of duty

cycles are voltammetric excitations.

63. The method of claim 52, wherein the excitations of the second plurality of duty

cycles are voltammetric excitations and amperometric excitations.

64. The method of claim 52, wherein the excitations of the first plurality of duty cycles

are of a first pulse width.

65. The method of claim 64, wherein the excitations of the second plurality of duty

cycles are of the first pulse width.

66. The method of claim 64, wherein the excitations of the second plurality of duty

cycles are of a second pulse width.

67. The method of claim 64, wherein the excitations of the second plurality of duty

cycles have varying pulse widths.

68. The method of claim 52, further comprising:

determining one or more error parameters based on the second output signal, the second
output signal relative to the first output signal, or a combination thereof,

wherein the determination of the concentration of the analyte is based, at least in part, on

the one or more error parameters.

69. The method of claim 52, wherein the second output signal includes at least two

responses for one or more excitations of the excitations of the second plurality of duty cycles.

70. The method of claim 69, further comprising;

determining at least one error parameter based on the at least two responses for at least
one of the one or more excitations of the second plurality of duty cycles,

wherein the determination of the concentration of the analyte is based, at least in part, on

the at least one error parameter.

71. The method of claim 70, wherein the at least one error parameter is based on a ratio

of the at least two responses.
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72. The method of claim 69, further comprising;

determining at least one error parameter based on (i) one of the at least two responses of a
first one of the one or more excitations of the second plurality of duty cycles and (ii)
one of the at least two responses of a second one of the one or more excitations of the
second plurality of duty cycles,

wherein the determination of the concentration of the analyte is based, at least in part, on

the at least one error parameter.

73. The method of claim 72, wherein the at least one error parameter is based on a ratio
of (1) the one of the at least two responses of the first one of the one or more excitations of the
second plurality of duty cycles and (ii) the one of the at least two responses of the second one

of the one or more excitations of the second plurality of duty cycles.

74. The method of claim 52, wherein the first output signal includes at least one response
for one or more excitations of the excitations of the first plurality of duty cycles, and the
second output cycle includes at least one response for one or more excitations of the

excitations of the second plurality of duty cycles.

75. The method of claim 74, further comprising;

determining at least one error parameter based on (1) the at least one response for one of
the one or more excitations of the first plurality of duty cycles and (ii) the at least one
response for one of the one or more excitations of the second plurality of duty cycles,

wherein the determination of the concentration of the analyte is based, at least in part, on

the at least one error parameter.

76. The method of claim 75, wherein the at least one error parameter is based on a ratio
of (1) the at least one response for the one of the one or more excitations of the first plurality
of duty cycles and (ii) the at least one response for the one of the one or more excitations of

the second plurality of duty cycles.

77. The method of claim 52, wherein the first output signal is responsive to the

concentration of the analyte in the sample.

78. The method of claim 52, wherein the at least one reagent is an oxidoreductase.
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79. The method of claim 78, wherein the at least one reagent is a glucose oxidase

enzyme, a glucose dehydrogenase enzyme, or a combination thereof.

80. The method of claim 52, wherein the first electrode is in an electrically open state

during the relaxations of the first plurality of duty cycles.

81. The method of claim 52, wherein the second electrode is in an electrically open state

during the relaxations of the second plurality of duty cycles.

82. The method of claim 52, wherein the analyte is glucose.

83. The method of claim 82, wherein the sample is whole blood.

84. The method of claim 82, wherein a concentration range for determining the

concentration of glucose in the sample is from about 0 mg/dL to about 900 mg/dL.

85. A method of determining a concentration of an analyte in a sample, the method
comprising:

applying a first input signal to the sample, the first input signal including a first plurality
of duty cycles, each duty cycle of the first plurality of duty cycles including (i) a
voltage pulse applied between a first electrode and a counter electrode, and (ii) a
relaxation of the first electrode, the first electrode including at least one reagent that
facilitates oxidation of the analyte;

applying a second input signal to the sample, the second input signal including a second
plurality of duty cycles, each duty cycle of the second plurality of duty cycles
including a voltage pulse applied between a second electrode and the counter
electrode, the second electrode excluding any reagent that facilitates oxidation of the
analyte;

measuring a first output signal responsive to the first input signal and a second output
signal responsive to the second input signal; and

determining the concentration of the analyte in the sample based on the first output signal
and the second output signal,

wherein each voltage pulse applied between the first electrode and the counter electrode

of the first input signal is separated from a next voltage pulse applied between the first
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electrode and the counter electrode of the first input signal by at least one voltage
pulse applied between the second electrode and the counter electrode of the second

input signal.

86. The method of claim 85, wherein measuring the second output signal responsive to
the second input signal comprises:
measuring a first current and a second current generated in response to each voltage pulse

of the second plurality of duty cycles.

87. The method of claim 86, wherein the first current is an initial current generated in

response to each voltage pulse of the second plurality of duty cycles.

88. The method of claim 86, wherein the second current is a final current generated in

response to each voltage pulse of the second plurality of duty cycles.

89. The method of claim 86, further comprising:

determining one or more error parameters, each error parameter of the one or more error
parameters being based on the first current and the second current for a corresponding
voltage pulse,

wherein the determination of the concentration of the analyte in the sample is based, at

least in part, on the one or more error parameters.

90. The method of claim 89, wherein each error parameter of the one or more error
parameters is based on a ratio of the first current and the second current for a corresponding

voltage pulse.

91. The method of claim 85, wherein measuring the first output signal responsive to the
first input signal comprises measuring a first current generated in response to each voltage
pulse of the first plurality of duty cycles, and measuring the second output signal responsive
to the second input signal comprises measuring a second current generated in response to

each voltage pulse of the second plurality of duty cycles.

92. The method of claim 91, wherein the first current is an initial current generated in

response to each voltage pulse of the first plurality of duty cycles.
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93. The method of claim 91, wherein the second current is a final current generated in

response to each voltage pulse of the second plurality of duty cycles.

94. The method of claim 91, further comprising:

determining one or more error parameters, each of the one or more error parameters being
based on (i) the first current of one voltage pulse of the first plurality of duty cycles
and (i1) the second current of one voltage pulse of the second plurality of duty cycles,

wherein the determination of the concentration of the analyte in the sample is based, at

least in part, on the one or more error parameters.

95. The method of claim 94, wherein each error parameter of the one or more error
parameters is based on a ratio of (i) the first current of the one voltage pulse of the first
plurality of duty cycles and (i1) the second current of the one voltage pulse of the second

plurality of duty cycles.

96. A method of analyzing a solution with a blood glucose monitoring device, the
method comprising:
applying an input signal to the solution via a bare electrode of the blood glucose
monitoring device, the input signal including a constant voltage pulse;
determining a polarity of a current generated in response to the constant voltage pulse;
and
identifying the solution as a control or a blood sample based, at least in part, on the

polarity.

97. The method of claim 96, wherein the constant voltage pulse is 0.25 volt.

98. The method of claim 96, wherein a negative polarity indicates that the solution is the

control.

99. The method of claim 96, wherein a positive polarity indicates that the solution is the

blood sample.

100. The method of claim 99, wherein the blood sample is whole blood.
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101. The method of claim 96, wherein the bare electrode excludes a reagent that

facilitates a redox reaction of a species in the solution.

102. The method of claim 96, wherein the bare electrode excludes any reagent that

facilitates a redox reaction of any species in the solution.

103. The method of claim 96, wherein the current is current generated in response to a

start of the constant voltage pulse.

104. The method of claim 96, wherein the input signal further includes a plurality of
constant voltage pulses applied across the bare electrode and the counter electrode, the

constant voltage pulse being included within the plurality of constant voltage pulses.

105. The method of claim 104, further comprising:
identifying the solution as a predetermined control among a plurality of predetermined
controls based, at least in part, on the plurality of constant voltage pulses, in response

to identifying the solution as the control.

106. The method of claim 104, wherein the plurality of constant voltage pulses include a
constant initial voltage pulse and a final constant voltage pulse, the method further
comprising:

identifying the solution as the predetermined control of the plurality of predetermined

controls based, at least in part, on the initial constant voltage pulse and the final

constant voltage pulse.

107. The method of claim 106, wherein the initial constant voltage pulse is at 0.25 volt

and the final constant voltage pulse is at 1.00 volt.

108. The method of claim 106, measuring a first plurality of currents in response to the
initial constant voltage pulse and a second plurality of currents in response to the final

constant voltage pulse.

109. The method of claim 108, wherein the solution is identified as the predetermined
control based on an initial current of the first plurality of currents and a final current of the

second plurality of currents.
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110. The method of claim 104, wherein the plurality of constant voltage pulses include
an initial constant voltage pulse and a final constant voltage pulse, and the identification of
the solution as the control or the blood sample is based, at least in part, on the initial constant

voltage pulse and the final constant voltage pulse.

111. The method of claim 110, wherein the initial constant voltage pulse is at 0.25 volt

and the final constant voltage pulse is at 1.00 volt.

112. The method of claim 110, measuring a first plurality of currents in response to the
initial constant voltage pulse and a second plurality of currents in response to the final

constant voltage pulse.

113. The method of claim 112, wherein the identification of the solution as the control or
the blood sample is based, at least in part, on an initial current of the first plurality of currents
in response to the initial constant voltage pulse, an initial current of the second plurality of
currents in response to the final constant voltage pulse, and a final current of the second

plurality of currents in response to the final constant voltage pulse.

114. The method of claim 113, wherein the identification of the solution as the control or
the blood sample is based, at least in part, on a ratio of (i) the initial current of the second
plurality of currents in response to the final constant voltage pulse and (ii) the final current of
the second plurality of currents in response to the final constant voltage pulse, compared to
the initial current of the first plurality of currents in response to the initial constant voltage

pulse.

115. The method of claim 113, wherein the plurality of voltage pulses includes at least a
final voltage pulse applied across the bare electrode and at least the counter electrode at 2.5

volts or higher.

116. The method of claim 115, further comprising:
identifying the solution as a predetermined control among a plurality of predetermined
controls based, at least in part, on the plurality of constant voltage pulses, including

the final constant voltage pulse, in response to identifying the solution as the control.
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117. The method of claim 116, further comprising:

measuring a third plurality of currents in response to the final constant voltage pulse,

wherein the identification of the solution as the predetermined control among the plurality
of predetermined controls is based, at least in part, a final current of the third plurality

of currents.

118. A method of determining a type of a sample, the method comprising:

applying an input single to the sample via a bare electrode, the input signal having at least
two excitations and a relaxation;

measuring an output signal responsive to the input signal;

determining one or more parameters based on the output signal; and

comparing the one or more parameters to one or more thresholds to determine the type of

the sample.

119. The method of claim 118, wherein the type is one of two types.

120. The method of claim 119, wherein the two types are a control and a biological

sample.

121. The method of claim 120, wherein the biological sample is whole blood, serum,

plasma, urine, saliva, an interstitial fluid, or an intracellular fluid.

122. The method of claim 119, wherein a first type of the two types includes a sub-type
and, in response to determining the type of the sample as being the first type, the method
further comprising:

comparing the one or more parameters to one or more additional thresholds to determine

the sub-type of the first type of the sample.

123. The method of claim 122, wherein the first type is a control and the sub-type defines
a type of the control.

124. The method of claim 122, further comprising:

causing, at least in part, an indication of the determined type and the determined sub-type.
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125. The method of claim 124, wherein the indication is a presentation of the sub-type on

a display of a biosensor system.

126. The method of claim 121, further comprising:

modifying operation of a biosensor system based, at least in part, on the determined sub-

type.

127. The method of claim 118, further comprising:

modifying operation of a biosensor system based, at least in part, on the determined type.

128. The method of claim 118, wherein the output signal includes currents responsive to
the at least two excitations of the input signal, and the one or more parameters are based on

the currents.

129. The method of claim 128, wherein the currents include at least two currents.

130. The method of claim 129, wherein the at least two currents are responsive to one of

the at least two excitations of the input signal.

131. The method of claim 129, wherein each one of the at least two currents is

responsive to a separate excitation of the at least two excitations of the input signal.

132. The method of claim 118, further comprising:

applying another input signal intertwined with the input signal to the sample, the
intertwining including applying to the sample the other input signal via a first
electrode having a reagent, the other input signal having at least two excitations and a
relaxation, and the at least two excitations of the other input signal are nonconcurrent

with the at least two excitations of the input signal.

133. A method of accounting for one or more interference species in a sample, the
method comprising:

intertwining a first input signal, via a first electrode having a reagent, with a second input

signal, via a second electrode lacking a reagent, the intertwining including: applying

to the sample, via the first electrode, the first input signal having at least two

excitations and a relaxation, and applying to the sample, via the second electrode, the
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second input signal having at least two excitations and a relaxation, such that the at
least two excitations of the first input signal are nonconcurrent with the at least two
excitations of the second input signal;

measuring a first output signal responsive to the first input signal and a second output
signal responsive to the second input signal; and

determining a level of interference of the one or more interference species in the sample

based, at least in part, on the second output signal.

134. The method of claim 133, further comprising:

determining one or more parameters based on the first output signal, the second output
signal, or a combination thereof,

wherein the determining of the level of interference is based on comparing the one or

more parameters to one or more thresholds.

135. The method of claim 134, wherein the one or more thresholds are related to

concentrations of the one or more interference species in the sample.

136. The method of claim 135, wherein the one or more thresholds include one or more

interference condition thresholds and one or more error condition thresholds.

137. The method of claim 136, wherein the determined level of interference is
determined as a normal condition based on the one or more parameters satisfying the one or

more interference condition thresholds.

138. The method of claim 136, wherein the determined level of interference is
determined as an elevated condition based on the one or more parameters exceeding the one

or more interference condition thresholds and satisfying the one or more error condition

thresholds.

139. The method of claim 136, wherein the determined level of interference is
determined as an error condition based on the one or more parameters exceeding the one or

more error condition thresholds.

140. The method of claim 139, further comprising:
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indicating the error condition on a biosensor system in response to the one or more

parameters exceeding the one or more error condition thresholds.

141. The method of claim 140, wherein the second output signal includes currents
responsive to the at least two excitations of the second input signal, and the one or more

parameters are based on the currents.

142. The method of claim 141, wherein the currents include at least two currents.

143. The method of claim 142, wherein the at least two currents are responsive to one of

the at least two excitations of the second input signal.

144. The method of claim 142, wherein each one of the at least two currents is

responsive to a separate excitation of the at least two excitations of the second input signal.

145. The method of claim 133, further comprising:
modifying operation of a biosensor system in determining a concentration of an analyte in

the sample based on the determined level of interference.

146. The method of claim 145, wherein the biosensor system includes one or more error
compensation equations for a normal condition and one or more error compensation
equations for an elevated condition, and the one or more thresholds distinguish between

operating under the normal condition and the elevated condition.

147. A method of determining a concentration of an analyte in a sample, the method
comprising:

intertwining a first input signal, having two or more excitations and at least one relaxation
of a first electrode having a reagent specific to the analyte, with a second input signal,
having one or more excitations and at least one relaxation of a second electrode
lacking a reagent specific to the analyte, such that each excitation of the two or more
excitations of the first input signal are nonconcurrent with the one or more excitations
of the second input signal;

measuring a first output signal responsive to the first input signal and a second output

signal responsive to the second input signal; and
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determining the concentration of the analyte based on at least the first output signal and

the second output signal.

148. The method of claim 147, wherein each relaxation of the at least one relaxation of
the first electrode at least partially overlaps with one relaxation of the at least one relaxation

of the second electrode during a system relaxation.

149. The method of claim 147, wherein the at least one relaxation of the first electrode

and the at least one relaxation of the second electrode are nonconcurrent.

150. The method of claim 147, wherein each excitation of the two or more excitations of
the first input signal are separated from previous and subsequent excitations of the two or
more excitations of the first input signal by at least one excitation of the one or more

excitations of the second input signal.

151. A method of managing interference effects for one or more interference species in a
sample, the method comprising:

applying one or more input signals to a biosensor system in contact with an analyte
sample;

measuring one or more output signals of the biosensor system responsive to the one or
more input signals;

determining a position of a data point in a pre-sort separation map based on one or more
signals, one or more parameters, or a combination thereof relative to defined
boundaries of pre-set threshold values; and

determining whether to apply a normal calculation/compensation of analyte concentration
to the data point, a special calculation/compensation of analyte concentration to the

data point, or a rejection of the data point based on the position.

152. The method of claim 151, wherein the one or more input signals include a first input
signal, inputted via a first electrode of the biosensor system having a reagent, intertwined
with a second input signal, inputted via a second electrode of the biosensor system lacking a
reagent, and the applying comprising:

applying to the sample, via the first electrode, the first input signal having at least two

excitations and a relaxation; and
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applying to the sample, via the second electrode, the second input signal having at least
two excitations and a relaxation, such that the at least two excitations of the first input

signal are nonconcurrent with the at least two excitations of the second input signal.

153. The method of claim 152, further comprising:
measuring a first output signal responsive to the first input signal and a second output

signal responsive to the second input signal.

154. The method of claim 153, further comprising:
determining one or more parameters based on the first output signal, the second output

signal, or a combination thereof.
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