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of an analyte within the sample. A processor records appropriate data points corresponding to the signals, converts them to a
logarithmic function of time scale, and plots the converted data points. The processor then determines a curve that fits the plotted
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(57) Abstract: Technologies for increasing sample throughput by
predicting the end point response time of a sensor for the analysis of
an analyte in a sample are disclosed. In one aspect, a system includes
a sensor that generates data signals associated with the measurement
of an analyte within the sample. A processor records appropriate data
points corresponding to the signals, converts them to a logarithmic
function of time scale, and plots the converted data points. The pro-
cessor then determines a curve that fits the plotted data points and
determines a curve fitting equation for the curve. Once the equation
is determined, the processor extrapolates an end point response of the
sensor using the equation. A value, such as analyte concentration, is
then calculated using the extrapolated end point response.
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EXTRAPOLATION OF INTERPOLATED SENSOR DATA TO INCREASE SAMPLE THROUGHPUT

Field of the Invention
The present invention relates to increasing sample throughputl. The present invention is
more specifically related to a device, such gs an automated clinical analyzer of body fluids, such
as blood, and method for increasing sample throughput through the analyzer by predicting the

end point response of an electrochemical sensor that responds to the presence of an analyie in a

body fluid sample.

Background of the Invention

In a variety of clinical situations, it is important to measure certain chemical
characteristics of a patient’s blood, such as pH, hematocrit, the ion concentration of calcium,
potassium, chloride, sodinm, glucose, lactate, creatinine, creatine, urea, partial pressure of 02
and/or COZ, and the like. These situations may arise in a routine visit to the doctor’s office, in
the surgical suite, intensive care unit, or emergency room. The speed with which the analytical
response is obtained is important for determining therapy and therapeutic outcome. A delay in
the response time of a sensor slows diagnosis, and, with it, the application of appropriate therapy.
Such delays may Impact prognosis and clinical outcome.

Electrochemical sensors such as those described in ULS. Patent Nos: 6.652,720;
7,632,672, 7,022,219, and 7,972,280,

are typically used to provide blood chemistry analysis of a patient’s blood.

Conventionai microelectrodes generate electrical signals proportional to chemical
characteristics of the b}ood sample. To generate these electrical signals, the sensor systems may
combine a chemical or biochemical recognition component, such as an enzyme, with a physica)
transducer such as a platinum electrode. Traditional chemical or biochemical recognition
components selectively interact with an analyte of Interesi to generate, directly or inddirectly, the
needed electrical signad through the transducer,

The selectivity of certain biochemical récognition components makes it possible for
electrochemical sensors to accurately detect certain biological analytes, even in a complex
analyte mixture such as blood. The aceuracy and the speed with which these sensors provide a

response are mportant features of automated clinical analyzers,

CA 2843155 2018-10-11
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One of the goals of clinical sample analysis systern manufacturers Is increasing sample
throughput. Recent innovations have focused their attention on reducing the end point response
time of a sensor, which is the time the sensor takes to provide an end point response. In
conventional clinical analyvtical systems, once the sensor provides an end point response, the
response is provided to a computer, which performs various mathematical operations to converd
the end point response 1o a concentration of an analyte within the body fluid sample. The time
taken for the sensor to provide an end point response dictates the time for a sample to be
analyzed, which ultimately, determines the sample throughput. Accordingly, there is a need to
reduce the time required to analyze a body thid sample to expedite diagposis and therapeutic

intervention.

Summary of the Invention

The prosent invention overcomes the drawbacks of prior art devices and methods and i3
divected towards technologies for increasing samiple, such as body fluid sample, throughput by
predicting the end point response time of a sensor for the analysis of an analyte jn the sampie.
According to various embodiments described herein, the present invention describes technigues
for extrapolating an end point response of a sensor by determining a curve filing equation
derived from data signals generated by the sensor in response to being exposed to analytes ina
sample. In varicus embodiments, the curve fitting equation wili be a second degree logarithvic
polvoomial having a general form of s(t} = af log(t))* + bllogit)) + ¢, where &, b, and ¢ are the
polynomial coefficients that are determined based on the converted data points, and s{t} is the
calculated sensor output gt g particular time t.

In one aspect, a sysiem for increasing sample throughput includes a sensor configured to
genorale a plurality of data signals assoclated with the measurement of an analyte within the
sample. The system further includes a processor that the records data points corresporkding to a
particular time range within the kinetic region, converts the recorded data points to a lo garithmic
function of time scale, and plots the converted data points. The processor then delermines a
curve that fits the plotted data points and determines a curve fitting equation for the curve. Onee
the curve fitting eguation is determined, the processor extrapolates an end point response of the
sensor using the curve fitting equation. A value, such as analyte concentration, is then caleulated

using the extrapolated end point response.

(2]
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T another aspect, a method for increasing sample throughput includes receiving data
signals generated by a sensor in response to being exposed to an analyte within a sample. Once
the daia signals are received, data points assoclated with the data signals are recorded. A series
of data points corresponding to a portion of a kinetic region time range from the recorded data
noints are selected and then converted to g logarithmic function of ime scale and plotted. A
curve that fits the data points is generated and a second degree Jogarithmic equation for the curve
is deterrnined, Onee the curve fitting equation is determined, the processor extrapolates an end
point response of the sensor using the curve fitting equation. A value, such as analyte
concentration, is then calculated using the extrapolated end point response.

In yet another aspect, a computer readable storage medium includes computer executable
instructions for receiving data signals generated by a sensor in response to being exposed to an
analyie within a sample. Once the daia signals are received, data points associated with the data
signals are recorded. A series of data points corresponding to @ portion of a kinetic region time
range from the recorded data points are selected and then converted to a logarithmic function of
time scale and plotied. A curve that fits the data points is generated and a second degree
logarithmic equation for the curve is determined. Ouce the curve fitting equation is determined,
the processor extrapolates an end point response of the sensor using the curve fitting equation, A
value, such as analyie concentration, is then calenlated using the extrapolated end point response.

Brief Description of the Drawings

-

-

“hese embodiments and other aspects of this invention will be readily apparent from the
detailed description below and the appended drawings, which are meant to illustrate and not io
fimit the invention, and in which:

Figure 1 illustrates an exemplary block diagram of an analyte conceniration measurement
system according to one embodiment of the invention.

Figure 2 shows an exemplary plot of voltage versus time for experimental data generated
by a sensor for measuring the concentration of glucose according to one embodiment of the
invention;

Figure 3 shows an exemplary plot of voltage versus logarithmic function of time using a
portion of the experimental data of Figure 2 according to one embodiment of the invention; and

Figure 4 is an exemplary logical flow diagram for predicting the end point response of

the sensor according to one embodiment of the invention.
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Description

The present invention is directed towards fechnologies for increasing sample, such as a
body fluid sample, throughput in an awtomated clinical snalyzer by predicting the end point
response time of a sensor for the analysis of an analyte in the sample. According to various
embodiments descrived herein, the present invention describes lechniques for extrapolating an
end point response of a sensor by determining a curve fitting equation derived from data signals
penerated by the sensor in response to being exposed to a sarsple. In various embodiments, the
curve fitting equation will be a second degree logarithmic polynomial having a general form of
s{t) = a(log{f)y’ + blog(t) + ¢, where a, b, and ¢ are the polynomial coefficients that are
determined based on the converted data points, and st} is the calculated sensor cutputat a
particular time 1. In this way, a sample analysis system may no longer need to wait the entire
duration of the sensor end point response time to analyze a sample and provide a determination
of the concentration of the analyte measured by the sensor in the sample, Moreover, by reducing
the sensor response time, and therefore, the sample exposure time, the sensor recovery time,
which is the time the sensor takes to recover is alse reduced, allowing for greater throughput.

The present invention will be more completely understood through the following
deseription, which should be read in conjunction with the attached drawings. In this deseription,
like mumbers refer to sirmilar elements within various embodiments of the present invention.
Within this description, the claimed invention will be explained with respect to embodiments.
The skilled artisan will readily appreciate that the methods and systems desceribed herein are
merely exemplary and that variations can be made without departing from the spirit and scope of
the invention.

Referring now to the figures, Figure 1 illustrates g block diagram of an analyte
concentration measurement system 102 according to one embodiment of the invention. In
particular, an analyte concentraiion measurement system 102 may include a processor 104, a
memoty 106, and an analyie concentration measurernent application 110 stored in the memory
136, The analyie concentration measurement application 110 may generally be configured to
communicate with one or more senaors 140A-N, generally referred 1o hereinafier as sensors 140,
Tn various embodiments, the sensors 140 may be electrochemical sensors that may generale
voltmetric or amperometric signals in response o being exposed to analytes, In various

embodimenis, a first sensor 140A may be responsive to a first analyte within a sample, 3 second
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sensor 1408 may be responsive to a second analyte within the sample, and an nth sensor 140N
may be responsive to an nth analyte within the sample, and so forth, Further details regarding
the sensors 140 are provided below,

The analyle concentration measurement application 110 may include one or more
nodules configured to perform specific functions or tasks in order to determine the concentration
of an analyte within a sample. In various embodiments, the analyte concentration measurement
application 119 may include a sensor communication module 112, a data point recording madule
114, a data point selection module 116, a curve fitting module 118, an extrapolation module 120,
a validation medule 122, and an analyte concentration reporting module 124, It should be
appreciated that in various embodiments, the analyte concentration measurement application 119
may include additional madules for performing additional tasks, or may include only some of the
modules listed above.

The analyte concentration measorement application 110 may generally be configared to
receive data signals generated by a sensor upen being exposed to an analyte within a sanple,
record data points exiracted from the data signals, evaluate the data poinis on a logarithmic
function of time scale, determine a curve thal matches the evaluated data points, determine a
curve fitting equation that can be utilized to extrapolate an end point response of the sensor, and
accurately estimate the concentration of the analyte based on the extrapolated end point response
of the sensor,

In various embodiments, the sensor copumunication module 112 may be configured to
receive data signals from the sensors 140, In somic embodiments where the sensors may be
electrochemical sensors, the data signals may represent an amperometric output that may be
measured in Amperes. or a voltmetric output that may be measured in Volts. In various
embodiments, these data signals may vary over time, and typically may generate an output vatue
that eventally stabilizes over time. The stabilized output vaiue may typically be the end poini
response of the sensor. 1t should be appreciated that any type of sensor that can generate a data
output signal in response {0 being exposed to an analyte may be utilized as a sensor 140,

The data point recording modale 114 may be configured to capture and record data points
from the generated data signals. The data points may be stored in the memory of the analyte
concentration measurement system 102, or al any other storage medium accessible by the analyte

concentration measurement application 119, In various embodiments, the data point recording

CA 2843155 2018-10-11
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module 114 may record 2 measurement of the data signal afier every nth fixed period of time.
The fixed period of time may be predefined by the analyte conceniration measurement
appheation 110, Tt should be appreciated that the fixed period of time may be defined by the
technological Himitations of existing systems and is not intended to be limited to any particular
range. However, in some embodiments, the fixed period of thme may range from a millisecond
to a few seconds. In alternate emboediments, the data point recording module 114 may record &
measurement of the data signal after random or variable periods of time.

The data point selection module 116 may be configured to select pertinent data points
from the recorded data points. In various embodiments, the data poini selection module 116 may
select data points that when plotted on a logarithmic function of time scale, may allow the
analyte concentration meastrement application 1o determine a curve that closely fits the selected
data poinis and also results in predicting an end point response of the sensor that is within
acceptablc limits. In various embodiments, data points that may provide the most accurate
results may be selected from a tiroe range that is empirically determined, and may vary
depending on characteristics of the sensor and the analyte.

In various embodiments, the data point selection module 116 may select a series of data
points corresponding to a kinetic region time range from the recorded data pointa. The kinetic
region time range refers to any time range in which the data points are within the kinetic region
of & seusor response. Typically, the kinetic region oconrs from a first time when the sensor is
exposed to the analyie, o a second time when the data signals generated by the sensor are not
substantially similar to the end point response of the sensor i.e. before the sensor response
reaches equilibrium. In other words, once the data signals generated by the sensor become
substantiaily similar to the end noint response of the sensor, the data signals are being generated
in an equilibrium region. In various embodiments, the data point selection module 116 may
select a series of data points corresponding to a portion of a kinetic region liroe range. inone
erabodiment, the time range may begin at about fifteen seconds after the sensor is exposed to the
analyie. Moreover, the thme range may end at about thirty seconds after the sensor is exposed to
the analyte. Additional details regarding which data points fo select are provided below with
respect to FIGURE 4,

The curve fitting module 118 may be configured to convert the selected datg points to a

logarithmic function of time scale such that the converted data points can be evaluated on a
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fogarithmic function of time scale. The curve fitting module may then determine a curve that
closely matches the evaluated data points, In various embodiments, the curve fiting module 113
may plot the selected data points on a logarithmic function of time scale, and determine a curve
that closely matches o fits the plotted data points. Upon determining the curve, the curve fitting
module may determine a curve fitting equation corresponding to the curve. bn various
embodiments, the equation of the curve fitting equation may be a second degree logarithmic
gguation haviog a general form of (i} = a{ log(th* + blog(t)) + ¢, where a, b, and ¢ are the
solynomial coefficients that are determined based on the converted data points, and s(t) is the
caloulated sensor output at a particular time . The precise values of a, b, and ¢, which are
determined empirically for each sensor configuration used, depend in part upon the concentration
of the analyie, the size of the sample, the temperature, the geometry of the sensor apparatus
setup, and other parameters.

The extrapolation module 120 may be configured to extrapolate an end point response of
the sensor by solving the curve fitting equation for a time within the equilibrivm region of the
curve. In various embodiments, the analyte concentration measurement application 102 may
utilize empirical methods to determine a time that is within the equilibrium region ot the curve,
aud then store the determined equilibrium region time a3 a predefined time with which to solve
the curve fitting equation.

The validation module 122 may be configured to validate the caleulated end point
response by determining the coefficient of variation (CV} and the coefficient of determination
{RY, The following formulas for determining the coefficient of variation (CV) and the
coefficient of determination (R7) are well known in the art and may be nused by the validation
module 122 1o validate the caloulated end point response,

CV = standard devigtion{y;¥mean{y}; and
= 1-(sumi{ yimf;)2),"(sum((y;—mean(y;'))2};
where v and £, are the observed and caleulated values af a specified time, respectively.

1t should be appreciated that by way of the prosent disclosure, the  sample exposure time
is reduced as the sensor response time is reduced. As a result of the reduced sarpie exposure
time, the sensors, and in particular, enzymatic sensors, including but not limited to sensors for
measuring glucose and lactate, may have shortened sensor recovery times. As the sensors can

recover {asier, a greater throughput can be achigved.
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EXEMPLIFICATION

The analyte concentration reporting module 124 determines the concentration of the
analyte within the sample using the caleulated end point response and report the analyie
concentration with a flag i the validation module 122 determines that the CV and R” are not

vithin acceptable limits. Conversely, if the CV and R? are within acceptable limits, then the
analyte concentration reporting module 124 may report the concentration of the analyte without
a flag. Analytes that may be measured according to the method of the invention include, but are
not limited to for example, hematoerit, the fon concentration of caleium, potassium, chloride,
sodium, glucose, lactate, creatinine, creatine, urea, partial pressure of 02 and/or CO2, or any
other analyie for which a sensor exists. In various embodiments, the flag may be a data bit that
may be represented visually as a flag, a symbol, or aurally, as a beep, a tone, or in any other
manifestation that may indicate to a user that the either the CV or the R? is not within acceptable
limits.

Referring now to Figure 2, an exemplary plot of voltage versus time for experimental
data generated by a sensor for measuring the concentration of glucose is shown. In particular,
the plot shows a series of data points 202A-N that are captured from a data signal generated by
the sensor 140, The data points indicale an output value, such as a voltage, current, or charge. in
various embodiments, data poinis from the generated signal may be recorded over time and
plotted against time.  The plot shown in Figure 2 is generated by ploiting the recorded data
points 202A-N against time. In the present embodiment, the data points are recorded every
second. However, in various embodiments, data points may be recorded at time intervais that are
less than or more than a second.

{1 should be appreciated that by recording data points at time intervals less than a second,
more data is generated, which may allow for a more accurate plot, but may also utilize additional
computing resources, which may be undesirable, depending on system rescurces. Allernatively,
data points that are recorded at time intervals subsiantially exceeding a second may provide a
less accurate piot. In any event, the length of the time intervals between data points is an
implementation choice that may be determined based on various factors, such as the end point
response time of the sensor, limitations with respect 1o computing resources, the nature of the

sensor and analyte, and the like,

CA 2843155 2018-10-11
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Referring now to Figare 3, an exemplary plot of voltage versus a logarithmic function of
tirne using a portion of the experimental glicose data of Tigure 2 is shown. As described above,
once the data points corresponding to the data signals received from the sensor are recorded, the
data point selection module 114 may select pertinent data points from the recorded data ponts,
The selocted data points may then be converied to a logarithmic scale, such as base 10 or natural
log, Upon converting the data points to the logarithmic scale, the converted data points 302A-N
are plotied as voltage values versus logarithmic function of time.

As shown in Figure 3, once the converted data points ave plotted on the voltage veraus
logarithmic function of time scale, the plot 300 may be shown, This allows the curve fiiting
module 118 to determine a curve 308 that closely matches the converted data points 302ZA-N.
Then, the curve fitting v odule 118 may determine a curve fitting equation based on the curve
306 that is simpler than existing curve fitting equations utilized In sensor technologies. Existing
curve fitting equations require finding roots of non-linear equations, whereas the techniques
disclosed herein do not require finding such roots. Finding roots of non-linear equations is
computationally intensive, and when dealing with systems that have high throughputs, the
severity of the problem becomes even more apparent. As a result, by ntilizing curve fitting
equations that do not reguire finding roots of non-linear squations, the asalyte concentration
measurement system 102 requires fewer computational resources than existing systems. This
rranslates to various advantages over existing systems, inchuding but not limited to increased
throughputs, reduced costs of manufacture, and a smaller physical and energy footprint, Further,
it should be appreciated that the display step may not be necessary as the curve {itting equation
may be determined without having to plot data points or draw a curve that fits the data points.

According to various embodiments, the curve fitting equation may typically be a second
depree logarithmic equation that has a general form of

s{t) = allogf E’, “+ blogtt)) +¢,

where a, b, and ¢ are the polynomial coefficients that are determined based on the
converted data points, and s{t) is the calculated sensor output at a particular time t. The Precise
values of a, b, and c. which are determined experimentaily for each sensor configuration used,
depend in part upon the concentration of the analyte, the size of the sample, the temperature, the
geometry of the sensor transducer setup, and other parameters. Once the values of a, b,and ¢

have been determined for a sensor configuration, the curve fitting cquation may be used to
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rapidly estimate the concentration of the analyte in the sample. According to the invention, there
is no need to walt for the sensor to provide its final reading to determine the analyte
coneentraiion.

It should be appreciated that the selection of the data points to be converted plays an
important role in determining the accuracy of the curve fitting equation. Although conventional
wisdorm would suggest that the greater the number of data points utilized for determining the
curve fit, the better.

The present invention discloses that such wisdom is not necessarily true. Rather, the
range from which the data points are selected mway play an even more important role. In Various
ernbodirments, the data points selecied to be converted to the Jogarithmic function of time scale
were the data points generated from 15-30 seconds after the analyte was {irst exposed to the
sensor. In other embodiments, data poinis from 15-35 seconds after the analyte was first
exposed to the sensor were used without significant improvements in accuracy. Similarty, data
points from 10-25 seconds after the analyle was first exposed to the sensor were used but
produced sore results that were not accurate enough. It should be appreciated that the data
noints selected may vary based on the type of sensor and analyte, end point response time,
amongst other factors, In various embodiments, the time range for selecting the data points may
be determined through empirical methods.

As described above, the end point response value of the sensor may be calculated by
solving the eguation for a time that is within the equilibrium region of the sensor response CUrve.
Once the end point analyte related value is caloulated using the curve fitting equation, the end
potni response value is converted o a value corresponding to the concentration of the analyte,
using, for example, a method coroprising a calibration value {(e.g. a ration, a calibration point, a
difference valug, gie.}.

Referring now to Figure 4, an exemplary logical flow diagram for estimating the
concentration of an analyte within a sample is shown, A routine 400 begins at operation 402,
where the sensor 140 is exposed to a sample containing the analyte, As described sbove, the
electrochemical sensor 140 may be responsive to the levels of concentration of an analyle within
the sampile.

From operation 402, the routine 400 proceeds to operation 404, where the sensor 140

may generate one or more data signals in response to the exposure to the analyte. {n various
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embaodiments, the data signals may be in the form of a voltage, current, charge, or any other type
of measurable output. These data signals are continuously being generated by the sensor 146
while being exposed to the analyte,

From operation 404, the routine 400 proceeds to operation 406, where the data point
recording module 114 may record data points from the data signals. The granularity at which
these data points are recorded may be determined by the type of sensor, the amount of anaiyte,
the size of the sample, the temperature, amongst other factors. In one embodimont, the data
signals are recorded every second. However, it should be appreciated that the frequency &
which these data points are recorded may be greater than or less than one data point per second.
The data poinis may be stored within the memory of the analyte concentration measurement
system 102, or may be stored remotely at 8 loeation that is aceessible by the analyte
conceniration measurernent gpplication 110,

From operation 406, the routine 400 proceeds to operation 408, where the data point
selection module 116 may select a portion of the data points recorded by the data point recording
module 114, In various embodiments, the data point selection module 116 may select data
points that, when plotted, may help determine a curve that bas an equation, which, when
extrapolaied to a time in the future, generates a result that is proximate to the actual result of the
sensor 140, In various embodiments, the data point selection module 116 may select any number
of datg points. There is a countervailing balance that the data point selection module 116 has to
consider when selecting daia points. Selecting too many dats points may also increase the
number of cutliers, which may adversely affect the acouracy of the curve being fitted, as well as
selecting data points that are too far shead in time may delay the time in which the analyte
concentration measurerment system 102 may determine the analyte concentration. In particular,
selecting the first few data points that are recorded rmay cause the analyte concentration
measurement system to produce inaccurate results, This is because the sensors 140, when
initially exposed 1o the analyle, may generate noise signals, amongst other undesirable affects,
Accordingly, based on empirical methods, data points selected from the kinetic region but after
the initial response of the sensor 140 may generaie the most accurate results, while balancing the
need to determine the concentration of analyte in the shortest time, without significantly

COMPromising on accuracy.

11
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From operation 408, the rontine 400 proceeds to operation 410, where the curve fitling
moduie 118 converis the selected data points having an output value correspounding to a
particular time {o a unit of logarithmic function of time. In various embodiments, the base of the
logarithmic scale may be base 10, or natural log {In ). By doing so, a curve generated by the
plotted converted data points may be more accurate and utilizes less data points than existing
curve fitting equations,

From operation 410, the routine 400 proceeds to operation 412, where the curve fitling
module 118 may plot the converted data points on a graph, In various emhodiments, the Y-axis
is an output value gathered from the data signal generated by the sensor 140, and the Heaxis is a
logarithmic function of time, From operation 412, the routine 400 proceeds to operation 414,
where the curve fitting module 118 may determine a curve fitting equation for the plotted graph.
Tn various embodiments, the curve fitting module 118 may determine 2 curve fitting equation
that is a second degree logarithmic polynomial having the form s(t) = allog( £+ blog(t) + ¢,
where a, b, and ¢ are the polynomial coefficients that are determined based on the converted data
points, and s(t) is the calonlated sensor cutput at a particular time t. The precise values of 8, b,
and ¢. which are determined experimentally for each sensor configuration used, depend in part
upon the concentration of the analyie, the size of the sample, the femperature, the geonetry of
the setup, and other parameters. 1t should be appreciated that the curve fitting module may not
necessarily plot the data points to determine a curve that fits the data points. In some
embodimenis, the curve fitting module 118 may be able to determine a curve that fits the data
points without having to plot the data points. Commercially available curve fitting software may
be utilized to determine a curve and a corresponding equation that fits the selected data points,

From operation 414, the routine 400 proceeds to operation 416, where the extrapolation
module 120 exirapolates the calculated end polint response of the sensor 140 by solving the curve
fitting squation for a time that falls within the equilibrium region. From operation 416, the
routine 400 proceeds to operation 418, where the validation medule 122 validates the end poini
response for accuracy. According to some embodiments, the validation process includes
determining the coefficient of variation (CV) and the coefficient of determination (R using the
formulas of CV and R” that are presented above,

From operation 418, the routine 400 proceeds to operation 420, where the validation

module determines whether the CV and the R* are within acceptable limits predefined by the
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analyte concentration measurement system 102, In various embodiments, these Himits may allow

for the CV and R? to fall within an acceptable range, which may be known by those persous
having ordinary skill in the art. In ope embodiment, the limits may aliow for the R to fall
5

; . . o . . P N P
between 0.98 and 1. The coefficient of determination (R°) indicates how well the data and the
curve fit function match, The closer the value of R?, the better the match,

If, at operation 420, the validation module 122 determines that either the £V, R*, or both
the CV and 27 not within the acceptable limit, the routine 400 proceeds to operation 422, where
the analyte concentration reporting module 124 determines the concentration of the analyte using
the extrapolated end point response, and repor

10

that the result does not fall within the acceptable Hmits,

s the analyte concentration with a flag indicating

However, if at operation 420, the validation module 122 determines that both the CV and
77 are within the scceptable Hmit, the routine 400 proceeds to operation 424, where the analyie

concentration reporting module 124 determines the concentration of the analyte using the
extrapolated end point response, and reports the analyte concentratio
15

an

Y

operation 422 and 424, the routine 400 ends at opetation 426.

withouot a flag. From
According to various embodiments, it may be desirable o provide a s

vaiem for

calibration of the sensors 140, A selfecalibration sysiern for measuring the anaiyte conceniration
20

may be used o correct for imprecisions in the manufacturing of the sensor, thus reducing the
time and cost of manufacture, In addition, the self-calibration system may be used 1o

compensate for small magnitudes of noise generated by the sensor or other components of the
analyte concentration measurement system 102,

98
vy

According to various embodiments, the disclosure presented herein may be utliized to
reduce the time for determining an important response time of electrochemical sensors. In some

embodiments, the clectrochemical sensors may be used in a diffusion control response

environment such as to caleulate conceniration levels of pQ2, pCO2, glucose and lactale,

]
jov]

addition, the methodelogy may also be used for the end point detection of lon selective

electrodes, such as and Na, K, Cl and Ca. However, such sensors typically exhibit fust responses
and therefore an endpoint sensor response prediction may not be necessary,

CEQ
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A system for increasing sample throughput, comprising:

a sensor (140) configured to generate data signals in response to being exposed to

an analyte within a sample; and

a processor (104) configured to,
record data points associated with the data signals,
select a series of data points corresponding to a portion of a kinetic region time range from
the recorded data points,
convert the selected data points from corresponding to a portion of a kinetic region time
range to correspond to a logarithmic time scale,
evaluate the converted data points,
determine a curve that fits the evaluated selected data points,
determine a curve fitting equation corresponding to the curve, wherein the curve fitting
equation is of the form s(t) = a*(log(t))*2 + b*log(t) + ¢, wherein t represents time and a, b
and c are fit parameters for a second order polynomial and are determined based on the initial
Sensor response;
extrapolate an end point response of the sensor (140) using the curve fitting equation, and
calculate, using the extrapolated end point response, a value corresponding to the analyte,

thereby increasing said sample throughput.

2. The system of claim 1, wherein the data points are recorded at equal intervals.

3. The system of claim 1, wherein the kinetic region time range extends from a first time
when the sensor (140) is first exposed to the analyte to a second time when the data signals
generated by the sensor (140) are substantially similar to an actual end point response of the
sensor (140); and, wherein the portion of the kinetic region time range either: begins at
approximately fifteen seconds after the sensor (140) is exposed to the analyte; and/or ends

approximately thirty seconds after the sensor (140) is exposed to the analyte.
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4. The system of claim 1, wherein the sensor (140) is configured to have a diffusion

controlled response.

5. The system of claim 1, wherein the processor (104) is further configured to validate the

calculated value corresponding to the analyte.

6. The system of claim 1, further comprising:

presenting, as an output, the calculated value corresponding to the analyte.

7. A method for increasing sample throughput, comprising:

receiving, from a sensor (140), data signals generated in response to being

exposed to an analyte within a sample;
configuring a processor (104) to:
(i) record data points associated with the data signals,

(ii) select a series of data points corresponding to a portion of a kinetic region

time range from the recorded data points,
(iii) convert the selected data points to a logarithmic time scale, and
(iv) determine a curve that fits the selected data points;

determining a curve fitting equation corresponding to the curve; wherein the
curve fitting equation is of the form s(t) = a*(log(t))*2 + b*log(t) + c, wherein t represents
time and a, b and c are the fit parameters for a second order polynomial and are determined

based on the initial sensor response;

extrapolating an end point response of the sensor (140) using the curve fitting

equation; and

calculating, using the extrapolated end point response, a value corresponding to

the analyte, thereby increasing said sample throughput.

15
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8. The method of claim 7, wherein selecting a series of data points corresponding to a portion

of a kinetic region time range from the recorded data points comprises either:

a) selecting data points that correspond to a time period beginning when the
sensor (140) is first exposed to the analyte and ending when the data signals generated by the

sensor (140) are substantially similar to an actual end point response of the sensor (140); or

b) selecting data points that correspond to a time period beginning at about fifteen
seconds after the sensor (140) is exposed to the analyte and ending about thirty seconds after

the sensor (140) is exposed to the analyte.

9. The system of claim 1 or the method of claim 7, wherein extrapolating an end point
response of the sensor (140) using the curve fitting equation comprises solving the curve
fitting equation for a time when the data signals generated by the sensor (140) are

substantially similar to an actual end point response of the sensor (140).

10. The system of claim 1 or the method of claim 7, further comprising:

determining a concentration of the analyte using the calculated end point

response; and presenting the determined concentration of the analyte.

11. The system of claim 5 or the method of claim 7, wherein the processor (104) is further

configured to validate the calculated value corresponding to the analyte by:
determining a coefficient of variation;
determining a coefficient of determination; and

determining whether the determined coefficient of variation and coefficient of

determination are within acceptable limits.

12. The system of claim 11, wherein the processor (104) is further configured to:

16
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determine a concentration of the analyte using the calculated end point response;

and

when the determined coefficient of variation and coefficient of determination are
within acceptable limits, present the determined concentration of the analyte without a flag;

and

alternatively, when at least one of the determined coefficient of variation and
coefficient of determination is not within acceptable limits, present the determined

concentration of the analyte with a flag.

13. A computer-readable storage medium having computer executable instructions stored

thereon, which when executed by a computer, cause the computer to:

receive, from a sensor (140), data signals generated in response to being exposed

to an analyte within a sample;

select a series of data points associated with the data signals corresponding to a
kinetic region time range;

convert the series of selected data points to a logarithmic time scale;

determine a curve defined by a second order quadratic equation that fits the series
of data points received from the sensor (140), wherein the curve fitting equation is of the
form s(t) = a*(log(t))*2 + b*log(t) + ¢, wherein t represents time and a, b and ¢ are the fit

parameters for second order polynomial and are determined based on the initial sensor

response;
extrapolate an end point response of the sensor (140) using the curve; and

~ calculate, using the extrapolated end point response, a value corresponding to the

analyte.

14. The computer-readable storage medium of claim 13, having further computer-executable

instructions stored thereon, which when executed by the computer cause the computer to:
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determine a concentration of the analyte using the calculated value corresponding

to the analyte; and

present the determined concentration of the analyte.

15. The computer-readable storage medium of claim 13, having further computer-executable

instructions stored thereon, which when executed by the computer cause the computer to:

validate the calculated value corresponding to the analyte by
determining a coefficient of variation;
determining a coefficient of determination; and
determining whether the determined coefficient of variation and coefficient of determination

are within acceptable limits.

16. A non-transitory computer storage medium storing an analyte concentration measurement

application to increase sample throughput, the application comprising:

a sensor communication module that causes a processor to receive data signals

from one or more SENsors;

a data point reporting module that causes the processor to capture and record data

points from said data signals;

a data point selection module that causes the processor to select predetermined

data points from said data points;

a curve fitting module that causes the processor to obtain a logarithmic function

of time corresponding to the predetermined data points;

the logarithmic function of time being obtained from a curve fitting equation of
the form s(t)=a*(log(t))*2+b*log(t)+c, wherein t represents time, s(t) represents data point at
time t, and a, b and c are fit parameters for a second order polynomial that are determined

based on the predetermined data points;

an extrapolation module that causes the processor to extrapolate an end point

response of a sensor from the one or more sensors;

18

CA 2843155 2019-11-19



10

15

20

25

30

a validation module that causes the processor to validate said end point response;

and

an analyte concentration reporting module that causes the processor to determine
a concentration of an analyte within a sample using said end point response, thereby

increasing sample throughput.

17. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 16 wherein said data point selection module is further
configured to select said predetermined data points such that said predetermined data points

are within a Kinetic region of the response of said sensor.

18. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 17 wherein the kinetic region extends from a first time
when the sensor is first exposed to the analyte to a second time when said data signals

generated by the sensor are substantially similar to an actual end point response of the sensor.

19. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 18 wherein the kinetic region begins at approximately

fifteen seconds after the sensor is exposed to the analyte.

20. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 18 wherein the kinetic region ends approximately thirty

seconds after the sensor is exposed to the analyte.

21. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 16 wherein said data point selection module is further

configured to record the data points at equal time intervals.

22. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 16 wherein said curve fitting module is further configured

to plot said predetermined data points.

19

CA 2843155 2019-11-19



10

15

20

25

30

23. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 16 wherein said extrapolation module is further configured

to extrapolate said end point response using said curve fitting equation.

24. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 16 wherein said extrapolation module is further configured
to evaluate said curve fitting equation at a time within an equilibrium region of a response

curve of said sensor.

25. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 16 wherein said validation module is further configured to

determine a coefficient of variation and a coefficient of determination.

26. The non-transitory computer storage medium storing said analyte concentration

measurement application of claim 25 wherein the coefficient of variation (CV) is given by
CV= (a standard deviation of observed values)/(mean of observed values);

and wherein the coefficient of determination (R?) is given by

B=1->-£)1> -9

wherein y; is the ith observed value (data signal),
¥ is the mean (average) value of y, and

[ is the ith value calculated from the curve fitting equation.

27. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 26 wherein said validation module is further configured to
determine whether said coefficient of variation and said coefficient of determination are

within predetermined acceptable limits.

28. The non-transitory computer storage medium storing said analyte concentration
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measurement application of claim 27 wherein said analyte concentration reporting module is
further configured to, when it is determined that said coefficient of variation and said
coefficient of determination are not within said predetermined acceptable limits, report the
concentration of the analyte and a flag indicating that said coefficient of variation and said

coefficient of determination are not within said predetermined acceptable limits.

29. The non-transitory computer storage medium storing said analyte concentration
measurement application of claim 27 wherein said analyte concentration reporting module is
further configured to, when it is determined that said coefficient of variation and said
coefficient of determination are within said predetermined acceptable limits, report the

concentration of the analyte.
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