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Description

FIELD OF THE INVENTION

[0001] This invention relates to glucose monitoring systems and, in particular embodiments, to calibration method for
glucose monitoring systems.

BACKGROUND OF THE INVENTION

[0002] Over the years, body characteristics have been determined by obtaining a sample of bodily fluid. For example,
diabetics often test for blood glucose levels. Traditional blood glucose determinations have utilized a painful finger prick
using a lancet to withdraw a small blood sample. This results in discomfort from the lancet as it contracts nerves in the
subcutaneous tissue. The pain of lancing and the cumulative discomfort from multiple needle pricks is strong reason
why patients fail to comply with a medical testing regimen used to determine a change in a body characteristic over a
period of time. Although non-invasive systems have been proposed, or are in development, none to date have been
commercialized that are effective and provide accurate results. In addition, all of these systems are designed to provide
data at discrete points and do not provide continuous data to show the variations in the characteristic between testing
times.
[0003] A variety of implantable electrochemical sensors have been developed for detecting and/or quantifying specific
agents or compositions in a patient’s blood. For instance, glucose sensors are being developed for use in obtaining an
indication of blood glucose levels in a diabetic patient. Such readings are useful in monitoring and/or adjusting a treatment
regimen which typically includes the regular administration of insulin to the patient. Thus, blood glucose readings improve
medical therapies with semi-automated medication infusion pumps of the external type, as generally described in U.S.
Patent Nos. 4,562,751; 4,678,408; and 4,685,903; or automated implantable medication infusion pumps, as generally
described in U.S. Patent No. 4,573,994. Typical thin film sensors are described in commonly assigned U.S. Patent Nos.
5,390,671; 5,391,250; 5,482,473; and 5,586,553. See also U.S. Patent No. 5,299,571.
[0004] German Patent No. DE 4221848 discloses a method of automatically calibrating in vivo glucose sensors, by
comparing measured values with a reference signal from an independent model, calculating quality control values and
correcting the sensor signal of these exceed the specified limits. Measurements of glucose concentration from an in
vivo sensor are compared with a simultaneously generated independent glucose reference signal derived from a model
of a biological system. A mean glucose concentration is generated in timed intervals from a number of glucose deter-
minations.

SUMMARY OF THE DISCLOSURE

[0005] It is an object of an embodiment of the present invention to provide an improved glucose monitor system and
method, which obviates for practical purposes, the above mentioned limitations.
[0006] According to a first embodiment of the present invention there is provided a method of calibrating glucose
monitor data, the method comprising the steps of retrieving glucose monitoring data that have been sampled from a
sensor at a predetermined sampling rate; deriving interval values from the sampled glucose monitor data over a prede-
termined interval rate; applying clippings limits to the derived interval values; deriving at least one glucose monitor data
point by averaging the derived interval values at a predetermined memory storage rate; and calibrating the sampled
glucose monitor data using at least one blood glucose reference reading from another blood glucose measuring device,
said reference reading being temporally associated with the at least one glucose monitor data point, and the corresponding
at least one glucose monitor data point.
[0007] The step of calibrating the sampled glucose monitor data using the at least one blood glucose reference reading
and the corresponding at least one glucose monitor data point may comprise: determining a calibration equation using
the at last one blood glucose reference reading and the corresponding at least one glucose monitor data point; and
calibrating the sampled glucose monitor data using the calibration equation.
[0008] The step of deriving interval values from the sampled glucose monitor data over a predetermined interval rate
may comprise averaging the sampled glucose monitor data.
[0009] The step of deriving interval values from the sampled glucose monitor data over a predetermined interval rate
may comprise averaging the sampled glucose monitor data and ignoring a high and a low sampled value over the interval.
[0010] The step of deriving interval values from the sampled glucose monitor data over a predetermined interval rate
may comprise applying clipping limits to the sampled glucose monitor data over the interval and averaging the post-
clipped sampled glucose monitor data.
[0011] The step of averaging the derived interval values over the predetermined interval rate may ignore a high and
a low derived interval value obtained during one cycle of a predetermined memory storage rate.
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[0012] The predetermined sampling rate may be about once in 10 seconds, the predetermined interval rate may be
about once in 1 minute, and the predetermined memory storage rate may be about once in 5 minutes.
[0013] The method may further comprise the steps of: setting clipping limits for a first derived interval value; and setting
clipping limits each subsequently derived interval value based on the clipping limits set for at least one preceding derived
interval value.
[0014] The method may further comprise the steps of: setting clipping limits for a first derived interval value; and setting
clipping limits for each subsequently derived interval value based on the clipping limits set for all preceding derived
interval values.
[0015] The calculation of the calibration factor may be obtained using linear regression.
[0016] The linear regression may be at least squares linear regression.
[0017] The calculation of the calibration equation may be obtained using non-linear regression.
[0018] The calculation of the calibration equation may be obtained using a non-regression technique.
[0019] The method may further comprise the step of shifting the data by a predetermined time factor.
[0020] The calibration may be performed retrospectively on the sampled glucose monitor data that has been collected
for post processing using the calibration equation post process.
[0021] One or more calculations for calculating a first calibration factor may be different than one or more calculations
for calculating all subsequent calibration factors.
[0022] The one or more calculations for calculating subsequent calibration factors may employ a weighted average
using a calibration factor calculated from data collected since the last calibration and previous calibration factors calculated
for previous calibrations.
[0023] The calculation for calculating a first calibration factor may use a single-point calibration equation.
[0024] The single-point calibration factor may include an offset value.
[0025] The calculation for calculating the subsequent calibration factors may use a linear regression calibration equa-
tion.
[0026] The calculation for calculating the subsequent calibration factors may use a non-linear regression calibration
equation.
[0027] The calculation for calculating the subsequent calibration factors may use a non-regression calibration equation.
[0028] According to a second embodiment of the present invention there is provided a carrier medium carrying computer
readable code for controlling a computer to carry out the method described above.
[0029] According to a third embodiment of the present invention there is provided a apparatus for calibrating glucose
monitor data, the apparatus comprising: means for retrieving glucose monitor data that is sampled from a sensor at a
predetermined sampling rate; means for deriving interval values from the sampled glucose monitor data over a prede-
termined interval rate; means for applying clipping limits to the derived interval values; means for deriving at least one
glucose monitor data point by averaging the derived interval values at a predetermined memory storage rate; and means
for calibrating the sampled glucose monitor data using at least one blood glucose reference reading from another blood
glucose measuring device, said reference reading being temporally associated with the at least one being glucose
monitor data point, and the corresponding at least one glucose monitor data point.
[0030] Other features and advantages of the invention will become apparent from the following detailed description,
taken in conjunction with the accompanying drawings which illustrate, by way of example, various features of embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] A detailed description of embodiments of the invention will be made with reference to the accompanying
drawings, wherein like numerals designate corresponding parts in the several figures.

Fig. 1 is a is a perspective view illustrating a subcutaneous glucose sensor insertion set and glucose monitor device
in accordance with an embodiment of the present invention;
Fig. 2 is a cross-sectional view of the sensor set and glucose monitor device as shown along the line 2-2 of Fig. 1;
Fig. 3 is a cross-sectional view of a slotted insertion needle used in the insertion set of Figs. 1 and 2;
Fig. 4 is a cross-sectional view as shown along line 4-4 of Fig. 3;
Fig. 5 is a cross-sectional view as shown along line 5-5 of Fig. 3;
Fig. 6 is a partial cross-sectional view corresponding generally with the encircled region 6 of Fig. 2;
Fig. 7 is a cross- sectional view as shown along line 7-7 of Fig. 2.
Figs.8(a-c) are diagrams showing a relationship between sampled values, interval values and memory storage
values.
Fig. 9 is a chart showing clipping limits.
Fig. 10 is a sample computer screen image of a post processor analysis of glucose monitor data.
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Fig. 11 is a chart illustrating the pairing of a blood glucose reference reading with glucose monitor data.
Fig. 12 is a chart illustrating an example of a single-point calibration.
Fig. 13 is a block diagram of a single-point calibration technique.
Fig. 14 is a chart illustrating an example of a linear regression calibration.
Fig. 15 is a block diagram of a linear regression calibration technique.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] As shown in the drawings for purposes of illustration, the invention is embodied in calibration methods for a
glucose monitor that is coupled to a sensor set to provide continuous data recording of readings of glucose levels from
a sensor for a period of time. In preferred embodiments of the present invention, the sensor and monitor are a glucose
sensor and a glucose monitor for determining glucose levels in the blood and/or bodily fluids of a user. However, it will
be recognized that further embodiments of the invention may be used to determine the levels of other body characteristics
including analytes or agents, compounds or compositions, such as hormones, cholesterol, medications concentrations,
viral loads (e.g., HIV), bacterial levels, or the like. The glucose sensor is primarily adapted for use in subcutaneous
human tissue. However, in still further embodiments, one or more sensors may be placed in other tissue types, such as
muscle, lymph, organ tissue, veins, arteries or the like, and used in animal tissue to measure body characteristics.
Embodiments may record readings from the sensor on an intermittent, periodic, en-demand, continuous, or analog basis.
[0033] Figs. 1-7 illustrate a glucose monitor system 1 for use with the calibration methods. The glucose monitor system
1, in accordance with a preferred embodiments of the present invention, includes a subcutaneous glucose sensor set
10 and a glucose monitor 100. In preferred embodiments, the glucose monitor 100 is of the type described in U.S. Patent
Application Serial No. 60/121,664, filed on February 25, 1999, entitled "Glucose Monitor System". In alternative embod-
iments, the glucose monitor is of the type described in U.S. Patent Application Serial No. 09/377,472, filed August 19,
1999, entitled "Telemetered Characteristic Monitor System And Method Of Using The Same".
[0034] Preferably, the glucose monitor 100 is worn by the user and is connected to a surface mounted glucose sensor
set 10 that is attached to a user’s body by an electrically conductive cable 102, of the type described in U.S. Patent
Application Serial No. 60/121,656, filed on February 25, 1999, entitled "Test Plug and Cable for a Glucose Monitor". In
preferred embodiments, the sensor interface may be configured in the form of a jack to accept different types of cables
that provide adaptability of the glucose monitor 100 to work with different types of subcutaneous glucose sensors and/or
glucose sensors placed in different locations of the user’s body. However, in alternative embodiments, the sensor
interface is permanently connected to the cable 102. In additional alternative embodiments, a characteristic monitor is
connected to one or more sensor sets to record data of one or more body characteristics from one or more locations on
or in the user’s body.
[0035] The glucose sensor set 10 is of the type described in U.S. Patent Application Serial No. 60/121,655, filed on
February 25, 1999, entitled "Glucose Sensor Sct", or U.S. Patent Serial No. 08/871,831, filed on June 9, 1997, entitled
"Insertion Set For A Transcutaneous Sensor". The glucose sensor 12, of the type described in U.S. Patent Application
29/101,218, filed on February 25, 1999, entitled "Glucose Sensor", or described in commonly assigned U.S. Patent Nos.
5,390.671; 5,391,250; 5,482,473; and 5,586,553 extends from the glucose sensor set 10 into the user’s body with
electrodes 20 of the glucose sensor 12 terminating in the user’s subcutaneous tissue. See also U.S. Patent No. 5,299,571.
However, in alternative embodiments, the glucose sensor 12 may use other types of sensors, such as chemical based,
optical based, or the like. In further alternative embodiments, the sensors may be of a type that is used on the external
surface of the skin or placed below the skin layer of the user for detecting body characteristics.
[0036] The glucose monitor 100 generally includes the capability to record and store data as it is received from the
glucose sensor 12, and includes either a data port (not shown) or wireless transmitter and/or receiver (also not shown)
for transferring data to and/or from a data processor 200 such as a computer, communication station, a dedicated
processor designed specifically to work with the glucose monitor, or the like. The glucose monitor is generally of the
type described in U.S. Patent Application Serial No. 09/377,472, filed August 19, 1999, entitled "Telemetered Charac-
teristic Monitor System. And Method of Using The Same".
[0037] Preferably, the glucose monitor system 1 minimizes inconvenience by separating complicated monitoring proc-
ess electronics into two separate devices; the glucose monitor 100, which attaches to the glucose sensor set 10; and
the data processor 200, which contains the software and programming instructions to download and evaluate data
recorded by the glucose monitor 100. In addition, the use of multiple components (e.g., glucose monitor 100 and data
processor 200) facilitates upgrades or replacements, since one module, or the other, can be modified, re-programmed,
or replaced without requiring complete replacement of the monitor system 1. Further, the use of multiple components
can improve the economics of manufacturing, since some components may require replacement on a more frequent
basis, sizing requirements may be different for each module, different assembly environment requirements, and modi-
fications can be made without affecting the other components.
[0038] The glucose monitor 100 takes raw glucose sensor data from the glucose sensor 12 and assesses it during
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real-time and/or stores it for later processing or downloading to the data processor 200, which in turn analyzes, displays,
and logs the received data. The data processor 200 utilizes the recorded data from the glucose monitor 100 to analyze
and review the blood glucose history. In particular embodiments, the glucose monitor 100 is placed into a com-station
which facilitates downloading data to a personal computer for presentation to a physician. A software is used to download
the data, create a data file, calibrate the data, and display the data in various formats including charts, forms, reports,
graphs, tables, lists, and the like. In further embodiments, the glucose monitor system 1 may be used in a hospital
environment or the like.
[0039] In alternative embodiments, the glucose monitor includes at least portions of the software described as contained
within the data processor 200 above. The glucose monitor might contain the necessary software to calibrate glucose
sensor signals, display a real-time blood glucose value, show blood glucose trends, activate alarms and the like. A
glucose monitor with these added capabilities is useful for patients that might benefit from real-time observations of their
blood glucose characteristics even while they’re not in close proximity to a computer, communication device or dedicated
independent data processor.
[0040] As shown in Fig. 2, the data processor 200, may include a display 214 that is used to display the calculated
results of the raw glucose sensor data received via a download from the glucose monitor 100. The results and information
displayed includes, but is not limited to, trending information of the characteristic (e.g., rate of change of glucose), graphs
of historical data, average characteristic levels (e.g., glucose), stabilization and calibration information, raw data, tables
(showing raw data correlated with the date, time, sample number, corresponding blood glucose level, alarm messages,
and more), and the like. Alternative embodiments include the ability to scroll through the data. The display 214 may also
be used with buttons (not shown) on the data processor 200, computer, communication station, characteristic monitor,
or the like, to program or update data. In preferred embodiments, the glucose monitor 100 includes a display 132 to
assist the user in programming the glucose monitor 100, entering data, stabilizing, calibrating, downloading data, or the
like.
[0041] Still further embodiments of the present invention may include one or more buttons 122, 124, 126 and 128 on
the glucose monitor 100 to program the monitor 100, to record data, insert flags to correlate data with external events
for later analysis, input calibration values, or the like. In addition, the glucose monitor 100 may include an on/off button
130 for compliance with safety standards and regulations to temporarily suspend transmissions or recording. The glucose
monitor 100 may also be combined with other medical devices to accept other patient data through a common data
network and/or telemetry system. The glucose monitor 100 may be combined with a blood glucose meter to directly
import or correlate glucose calibration reference values such as described in U.S. Patent Application Serial No.
09/334,996, filed June 17,1999, entitled "Characteristic Monitor With A Characteristic Meter and Method Of Using The
Same". The glucose monitor 100 may also be combined with semi-automated medication infusion pumps of the external
type, as generally described in U.S. Patent Nos. 4,562,751; 4,678,408; and 4,685,903; or automated implantable med-
ication infusion pumps, as generally described in U.S. Patent No. 4,573,994. The glucose monitor 100 may record data
from the infusion pumps and/or may process data from both the glucose sensor 12 and an infusion pump to establish
a closed, loop system to control the infusion pump based on glucose sensor measurements. In other embodiments,
other body characteristics are monitored, and the monitor may be used to provide feedback in a closed loop system to
control a drug delivery rate. In further alternative embodiments, the glucose monitor 100 can be combined with a glucose
sensor set 10 as a single unit.
[0042] Glucose sensors are replaced periodically to avoid infection, decaying enzyme coating and therefore sensor
sensitivity, deoxidization of the electrodes, and the like. The user will disconnect the glucose sensor set 10 from the
cable 102 and glucose monitor 100. A needle 14 is used to install another glucose sensor set 10 and then the needle
14 is removed. Further description of the needle 14 and the sensor set 10 are found in U.S. Patent No. 5,586,553,
entitled "Transcutaneous Sensor Insertion Set"; co-pending U.S. Patent Application Serial No. 09/346,835, filed July 2,
1999, entitled "Insertion Set For A Transcutaneous Sensor"; and U.S. Patent No. 5,951,521, entitled "A Subcutaneous
Implantable Sensor Set Having The Capability To Remove Or Deliver Fluids To An Insertion Site,".
[0043] The user connects the connection portion 24 of the glucose sensor set 10 through the cable 102 to the glucose
monitor 100, so that the glucose sensor 12 can then be used over a prolonged period of time. An initial reading may be
downloaded from the glucose sensor set 10 and the glucose monitor 100 to the data processor 200, to verify proper
operation of the glucose sensor 10 and the glucose monitor 100. In preferred embodiments, the glucose sensor set 10
provides data to the glucose monitor 100 for one to seven days before replacement. Glucose sensors 12 may last in
the user’s body for longer or shorter periods of time depending on the quality of the installation, cleanliness, the durability
of the enzyme coating, deoxidization of the sensor, user’s comfort, and the like.
[0044] After installation into the body, the glucose sensor 12 is initialized to achieve a steady state of operation before
starting a calibration process. Preferably, power supplied by three series silver oxide 357 battery cells 110 in the glucose
monitor 100 is used to speed the initialization of the glucose sensor 12. Alternatively, other power supplies may be used
such as, different battery chemistries including lithium, alkaline, or the like, and different numbers of batteries, solar cells,
a DC converter plugged into an AC socket (provided with proper electrical isolation), or the like.
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[0045] The use of an initialization process can reduce the time for glucose sensor 12 stabilization from several hours
to an hour or less. The preferred initialization procedure uses a two step process. First, a high voltage (preferably between
1.0-1.1 volts - although other voltages may be used) is applied between electrodes 20 of the sensor 12 for one to two
minutes (although different time periods may be used) to allow the sensor 12 to stabilize. Then, a lower voltage (preferably
between 0.5-0.6 volts - although other voltages may be used) is applied for the remainder of the initialization process
(typically 58 minutes or less). Other stabilization/initialization procedures using differing currents, currents and voltages,
different numbers of steps, or the like, may be used. Other embodiments may omit the initialization/stabilization process,
if not required by the body characteristic sensor or if timing is not a factor. Alternatively, the characteristic monitor or the
data processor 200 may apply an algorithm to the sensor data to determine when initial transients are sufficiently
diminished and the sensor is at a significantly stable state to begin calibration.
[0046] In preferred embodiments, data is not considered valid until a sensor initialization event flag (ESI) is set in the
data indicating that stabilization is complete. Preferably, stabilization is complete after 60 minutes or when a user enters
a sensor initialization flag using one or more buttons on the glucose monitor 100. After stabilization/initialization is
complete the glucose monitor 100 is calibrated to accurately interpret readings from the newly installed glucose sensor 12.
[0047] Beginning with the stabilization process, the glucose monitor 100 measures a continuous electrical current
signal (ISIG) generated by the glucose sensor 12 relative to a concentration of glucose present in the subcutaneous
tissue of the user’s body. In preferred embodiments, the glucose monitor 100 samples the ISIG from the glucose sensor
12 at a sampling rate of once every 10 seconds, as shown in Fig.8a-c. Examples of sampled values are labeled A - AD
in Fig. 8a. At an interval rate of once per minute, the highest and lowest of the sampled values (shown in Fig. 8a as
circled sampled values A, E, G, I, M, R, V, W, Y, and AB) are ignored, and the remaining 4 sampled values from an
interval are averaged to create interval values (shown in Fig. 8b as values F’, L’, R’, X’, and AD’). At a glucose monitor
memory storage rate of once every 5 minutes, the highest and lowest of the interval values (shown in Fig. 8b as values
L’ and X’) are ignored and the remaining 3 interval values are averaged and stored in a glucose monitor memory as
memory values (shown in Fig. 8c as point AD"). The memory values are retained in memory and may be downloaded
to the data processor 200. The memory values are used to calibrate the glucose monitor 100 and/or the post processor
200 and to analyze blood glucose levels. The sampling rate, interval rate and the memory storage rate may be varied
as necessary to capture data with sufficient resolution to observe transients or other changes in the data depending on
the rate at which sensor values can change, which is affected by the sensor sensitivity, the body characteristic being
measured, the physical status of the user, and the like. In other embodiments, all of the sampled values are included in
the average calculations of memory storage values. In alternative embodiments, more or less sampled values or interval
values are ignored depending on the signal noise, sensor stability, or other causes of undesired transient readings.
Finally, in still other embodiments, all sampled values and/or interval values are stored in memory.
[0048] Clipping limits may be used to limit the signal magnitude variation from one value to the next thereby reducing
the effects of extraneous data, outlying data points, or transients. In preferred embodiments, clipping limits are applied
to the interval values. For instance, interval values that are above a maximum clipping limit or below a minimum clipping
limit are replaced with the nearest clipping limit value.
[0049] In alternative embodiments, interval values that are outside of the clipping limits are ignored and not used to
calculate the next memory storage value. In particular embodiments, the detection of interval values outside of the
clipping limits is considered a calibration cancellation event. In further particular embodiments, more than one value
must be deemed outside of clipping limits to constitute a calibration cancellation event. (Calibration cancellation events
are discussed below).
[0050] In preferred embodiments, the clipping limits are shifted after each data point. The level that the clipping limits
are set to is dependent on an acceptable amount of change from the previous interval value to the present interval value,
which is affected by the sensor sensitivity, signal noise, signal drift, and the like. In preferred embodiments, the clipping
limits are calculated based on the magnitude of the previous interval value. For example, for a previous interval value
from 0 up to but not including 15 Nano-Amps, the clipping limits are set at plus and minus 0.5 Nano-Amps about the
previous interval value. For a previous interval value from 15 up to but not including 25 Nano-Amps, the clipping limits
are set at plus and minus 3% of the previous interval value, about the previous interval value. For a previous interval
value from 25 up to but not including 50 Nano-Amps, the clipping limits are set at plus and minus 2% of the previous
interval value, about the previous interval value. And for a previous interval value of 50 Nano-Amps and greater, the
clipping limits are set at plus and minus 1% about the previous interval value. In alternative embodiments, different
clipping limits may be used.
[0051] Fig. 9 shows a typical clipping limit example in which a previous interval value 500, associated with interval N-
1, has a magnitude of 13.0 Nano-Amps, which is less than 15.0 Nano-Amps. Therefore, the maximum clipping limit 502
for the present interval value 506 is set at 13.5 Nano-Amps, which is 0.5 Nano-Amps greater than the magnitude of the
previous interval value 500. And the minimum clipping limit 504 is set at 12.5 Nano-Amps which is 0.5 Nano-Amps below
the previous interval value 500. The present interval value 506, associated with interval N, is between the maximum
clipping limit 502 and the minimum clipping limit 504 and is therefore acceptable.
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[0052] In another example shown in Fig. 9, the present interval value 508, associated with interval M, has a value of
25.0 Nano-Amps which is outside of the clipping limit 514 and will therefore be clipped. The previous interval value 510,
associated with interval M-1, is 26.0 Nano-Amps, which is included in the range from 25.0 up to but not including 50.0
Nano-Amps as discussed above. Therefore the clipping limits are � 2%. The maximum clipping limit 512 is 2% greater
than the previous interval value 510, 

Similarly the minimum clipping limit 514 is 2% less than the previous interval value 510, 

Since the present interval value 508 of 25.0 Nano-Amps is less than the minimum clipping limit 514 of 25.5 Nano-Amps,
it will be clipped, and 25.5 Nano-Amps will be used in place of 25.0 Nano-Amps to calculate a memory storage value.
For further illustration, Fig. 8 shows interval value R’, which is calculated by averaging sampled values N through Q, is
outside of the clipping limits 412 and 414, which result from the previous interval value L’. Therefore, the magnitude of
interval value R’ is not used to calculate memory value AD", instead R", which is the magnitude of the minimum clipping
limit 414, is used.
[0053] In other embodiments, the clipping limits may be a smaller or larger number of Nano-Amps or a smaller or
larger percentage of the previous interval value based on the sensor characteristics mentioned above. Alternatively, the
clipping limits are calculated as plus or minus the same percent change from every previous interval value. Other
algorithms use several interval values to extrapolate the next interval value and set the clipping limits to a percentage
higher and lower than the next anticipated interval value. In further alternatives, clipping may be applied to the sampled
values, interval values, memory values, calculated glucose values, estimated values of a measured characteristic, or
any combination of the values.
[0054] In preferred embodiments, all interval values are compared to an out-of range limit of 200 Nano-Amps. If three
consecutive interval values are equal to or exceed the out-of-range limit, the sensor sensitivity is deemed to be too high
and an alarm is activated to notify the user that re-calibration is required or the sensor may need replacing. In alternative
embodiments, the out-of-range limit is set at higher or lower values depending on the range of sensor sensitivities, the
expected working life of the sensor, the range of acceptable measurements, and the like. In particular embodiments,
the out-of range limit is applied to the sampled values. In other embodiments, the out-of-range limit is applied to the
memory storage values.
[0055] In preferred embodiments, unstable signal alarm limits are set to detect when memory storage values change
too much from one to another. The signal alarm limits are established similarly to the clipping limits described above for
the interval values, but allow for a larger change in value since there is more time between memory storage values than
between interval values. Re-calibration or replacement of the glucose sensor 12 is required once an unstable signal
alarm is activated. In essence, the glucose monitor 100 has detected too much noise in the ISIG from the glucose sensor
12.
[0056] Each memory storage value is considered valid (Valid ISIG value) unless one of the following calibration
cancellation events occurs: an unstable signal alarm (as discussed above), a sensor initialization event (as discussed
above), a sensor disconnect alarm, a power on/off event, an out-of-range alarm (as discussed above), or a calibration
error alarm. Only Valid ISIG values are used to calculate blood glucose levels by the glucose monitor 100 or post
processor 200, as shown in Fig. 10. Once a calibration cancellation event occurs, the successive memory storage values
are not valid, and therefore are not used to calculate blood glucose, until the glucose monitor 100 or post processor 200
is re-calibrated. Fig. 10 shows an explanatory computer screen in which cell P3 indicates a sensor disconnect alarm
with the abbreviation "SeDi". As shown, blood glucose values do not appear in column K, titled "Sensor Value", and
Valid ISIG values do not appear in column J until after the sensor is initialized, as indicated by the "ESI" flag in cell N17.
One exception however, is the power on/off event. If the glucose monitor 100 is turned off for a short enough period of
time, generally up to 30 minutes, the memory storage values are considered Valid ISIG values as soon as the power is
turned back on. If the power is off for longer than 30 minutes, the glucose monitor must be re-calibrated before ISIG
values are considered valid. Alternatively, the power may be off 30 minutes up to indefinitely and once the power is
restored, the memory storage values are Valid ISIG values. The sensor disconnect alarm is activated when the glucose
monitor 100 does not detect a signal. In preferred embodiments, when 2 or more out of 5 interval values collected within
a given memory storage rate are less than 1.0 Nano-Amp, the disconnect alarm is triggered. In alternative embodiments,
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more or less values need be below a particular amperage to trigger the disconnect alarm depending of the acceptable
range or sensor readings and the stability of the sensor signal. The remaining two calibration cancellation events, the
calibration error and an alternative embodiment for the out-of-range alarm, are discussed in conjunction with the calibration
process below.
[0057] Preferred embodiments are directed to calibration techniques that are used by either glucose monitors 100
during real-time measurements of one or more signals from the glucose sensor 12, or post processors 200 during post-
processing of data that has been previously recorded and downloaded (as shown in Fig. 10).
[0058] To calibrate the glucose monitor 100, the calibration factor called a sensitivity ratio (SR) (blood glucose level/
Valid ISIG value) is calculated for a particular glucose sensor 12. The SR is a calibration factor used to convert the Valid
ISIG value (Nano-Amps) into a blood glucose level (mg/d� or mmol/�). In alternative embodiments, the units for the SR
may vary depending on the type of signal available from the sensor (frequency, amplitude, phase shift, delta, current,
voltage, impedance, capacitance, flux, and the like), the magnitude of the signals, the units to express the characteristic
being monitored, or the like.
[0059] In preferred embodiments, the user obtains a blood glucose reference reading from a common glucose meter,
or another blood glucose measuring device, and immediately enters the blood glucose reference reading into the glucose
monitor 100. The blood glucose reference reading is assumed to be accurate and is used as a reference for calibration.
The glucose monitor 100, or a post processor 200, must temporally correlate the blood glucose reference reading with
a Valid ISIG value to establish a paired calibration data point. Since the glucose level in the interstitial body fluid tends
to lag behind the blood glucose level, the glucose monitor 100 or post processor 200 applies a delay time and then pairs
the blood glucose reference reading with a Valid ISIG value as shown in Fig. 11. In preferred embodiments, an empirically
derived 10 minute delay is used. Since Valid ISIG values are averaged and stored every 5 minutes, the glucose monitor
100 correlates the blood glucose reference reading with the third Valid ISIG stored in memory after the blood glucose
reference reading is entered (resulting in an effective delay of 10 to 15 minutes). Fig. 11 illustrates an example, in which
a blood glucose reference reading 600 of 90 mg/d� is entered into the glucose monitor 100 at 127 minutes. The next
Valid ISIG value 602 is stored at 130 minutes. Given a 10 minute delay, the glucose reference reading 600 is paired
with the Valid ISIG value 604 which is stored at 140 minutes with a value of 30 Nano-amps. Note that two numbers are
needed to establish one paired calibration data point, a blood glucose reference reading and a Valid ISIG.
[0060] Other delay times may be used depending on the user’s metabolism, the response time of the sensor, the
delay time required for the glucose meter to calculate a reading and for the reading to be entered into the glucose monitor
100, the type of analyte being measured, the tissue that the sensor is placed into, environmental factors, whether the
previous glucose Valid ISIG value (or the trend of the Valid ISIG values) was higher or lower than current Valid ISIG
value, or the like. Once paired calibration data is available, the appropriate calibration process may be applied dependent
on how many paired calibration data points are available since the last calibration, the total period of time that the glucose
sensor 12 has been in use, and the number of times the glucose sensor 12 has been calibrated.
[0061] In preferred embodiments, blood glucose reference readings are entered into the glucose monitor 100 period-
ically through out each day of use. Preferably calibration is conducted immediately after the initialization/stabilization of
a glucose sensor 12 and once a day thereafter. However, calibration may be conducted more or less often depending
on whether a glucose sensor 12 has been replaced, whether a calibration cancellation event has occurred, the stability
of the glucose sensor 12 sensitivity over time, or the like.
[0062] In preferred embodiments, blood glucose reference readings are collected several times per day but a new
calibration factor is calculated only once per day. Therefore, typically more than one paired calibration data point is
collected between calibrations. In alternative embodiments, the glucose monitor is calibrated every time a new paired
calibration data point is collected.
[0063] Preferred embodiments use a single-point calibration technique (shown in a block diagram of Fig. 13) to calculate
the SR when only one paired calibration data point is available, such as immediately after initialization/stabilization. And
a modified linear regression technique (shown in a block diagram in Fig. 15) is used when two or more paired calibration
data points are available. Particular embodiments use a single-point calibration technique whether or not more than one
paired calibration data point is available.
[0064] A single-point calibration equation is based on the assumption that the Valid ISIG will be 0 when the blood
glucose is 0. As shown in Fig. 12, a single paired calibration point 700 is used with the point (0,0) to establish a line 702.
The slope of the line from the origin (0,0) and passing through the single paired calibration point 700 is the single-point
sensitivity ratio (SPSR). The single-point calibration equation to calculate the calibration factor SPSR is as follows:
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Where SPSR = a Single-Point Sensitivity Ratio.
Therefore, the calibrated blood glucose level is, 

As an example, using the values of 20.1 Nano-Amps and 102 mg/d� from the paired calibration data point shown in Fig.
12, the calculation of SPSR is: 

To continue the example, once the calibration is complete, given a glucose sensor reading of 15.0 Nano-Amps, the
calculated blood glucose level is: 

[0065] Additionally, particular embodiments use an offset value in a calibration equation to compensate for the obser-
vation that more sensitive glucose sensors 12 (i.e. glucose sensors 12 that generate higher ISIG values compared to
other glucose sensors 12 at the same blood glucose level, which result in lower SR values) often have a less linear
performance at very high blood glucose levels when compared to glucose sensors 12 with lower sensitivity (and therefore
relatively higher SR values). If the SPSR for a particular glucose sensor 12, as calculated above, is less than a sensitivity
threshold value, then a modified SPSR (MSPSR) is calculated using an offset value included in a modified single-point
calibration equation. In preferred embodiments, the threshold value is 7. When the initial calculation of the SPSR (shown
above) is less than 7, an offset value of 3 is used to calculate the MSPSR. If the initial calculation of SPSR yields a value
of 7 or greater, then the offset value is 0. Thus, the calibration factor (MSPSR) is calculated using the offset value in the
modified single-point calibration equation, as follows:

Therefore, the calibrated blood glucose level is, 

Continuing the above example since the SPSR is 5.07, which is less than 7, the sensitivity ratio is recalculated using
the MSPSR equation as: 

And given a glucose sensor reading of 15.0 Nano-Amps after calibration the calculated blood glucose level is: 

[0066] In another example, given a blood glucose reference reading of 95 from a typical blood glucose meter and a
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Valid ISIG value of 22.1, the resulting SPSR is 95/22.1 = 4.3. Since SR < 7, the offset = 3. Therefore, the MSPSR is 95
/ [22.1 - 3] = 5.0. Note that when the SPSR is greater than or equal to 7 the offset value is 0 and therefore the MSPSR
= SPSR.
[0067] In alternative embodiments, the offset value is eliminated from the equation for calculating the blood glucose
value as follows: 

[0068] The threshold value of 7 and the associated offset of 3 have been empirically selected based on the charac-
teristics observed from testing a particular type of glucose sensors 12, such as those described in U.S. Patent 5,391,250
entitled "Method of Fabricating Thin Film Sensors", and U.S. Patent Application Serial Number 60/121,655 filed on
February 25, 1999, entitled "Glucose Sensor Set".
[0069] Other threshold values may be used in conjunction with other offset values to optimize the accuracy of the
calculated MSPSR for various types of glucose sensors 12 and sensors used to detect other body characteristics. In
fact, many threshold values may be used to select between many offset values. An example using two different threshold
values (4 and 7) to select between three different offset values (5, 3 and 0) follows:
If the SPSR < 4, then use an offset value of 5, else
if 4 <= SPSR < 7, then use an offset value of 3, else

 if SPSR >= 7 use an offset value of 0.
[0070] In preferred embodiments the MSPSR is compared to a valid sensitivity range to determine if the newly calculated
MSPSR is reasonable. In order to identify potential system problems, a valid MSPSR range of 1.5 to 15 is employed.
This range has been determined based upon valid glucose sensor sensitivity measurements made in-vitro. MSPSR
values outside this range result in a calibration error alarm (CAL ERROR) to notify the user of a potential problem. Other
valid sensitivity ranges may be applied depending on the types of sensors to be calibrated, the range of acceptable
sensitivity levels for the various sensor types, the manufacturing consistency expected for the sensors, environmental
conditions, how long the sensor has been in use, or the like.
[0071] Preferred embodiments augment the single-point calibration technique using a modified linear regression tech-
nique (shown in a block diagram in Fig. 15) when more than one paired calibration data point is available. As shown in
Fig. 14, the paired calibration data points 800 are linearly regressed by a least squares method to calculate the best fit
straight line 802 correlated with paired calibration data points 800. The slope of the line resulting from the linear regression
is the linear regression sensitivity ratio (LRSR) used as the calibration factor to calibrate the glucose monitor 100. The
linear regression calibration equation is as follows:

Where Xi is the ith Valid ISIG value of paired calibration data points,
Yi is the ith Blood Glucose Reference Reading of paired calibration data points and,
N is the total number of paired calibration data points used for calibration.
i is the identification number of a particular paired calibration data point.
Therefore, the calibrated blood glucose level is, 

Note that this linear regression uses a fixed intercept of zero (in other words, when the Valid ISIG is 0 the blood glucose
value is 0) and therefore the linear regression method estimates only one regression parameter, the slope. In alternative
embodiments, other linear regression methods may be used that estimate additional regression parameters such as an
offset value.
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[0072] Additionally, particular embodiments use an offset value in a modified linear regression calibration equation.
The purpose of the offset value, as described above for the single-point calibration, is to compensate for the observation
that more sensitive glucose sensors 12 often have a less linear performance at very high blood glucose levels. If the
LRSR for a particular glucose sensor 12, as calculated in the linear regression calibration equation above, is less than
a sensitivity threshold value, then a modified linear regression sensitivity ratio (MLRSR) is calculated using an offset
value included in a modified linear regression calibration equation. In preferred embodiments, the threshold value is 7.
When the initial calculation of the LRSR is less than 7, an offset value of 3 is used to calculate the MLRSR. If the initial
calculation of LRSR yields a value of 7 or greater, then the offset value is 0. Thus, the MLRSR is calculated using the
offset value in the modified linear regression calibration equation, thus: 

Therefore, the calibrated blood glucose level is, 

[0073] Just as in the case of single-point calibration techniques described above, other threshold values may be used
in conjunction with other offset values in the modified linear regression calibration equation to optimize the accuracy of
the calculated MLRSR for various types of glucose sensors 12 and other characteristic sensors.
[0074] In preferred embodiments the MLRSR is compared to a valid sensitivity range to determine if the newly calculated
MLRSR is reasonable. In order to identify potential system problems, a valid MLRSR range of 2.0 to 10.0 is employed.
MLRSR values outside this range result in a calibration error alarm (CAL ERROR) to notify the user of a potential problem.
As described above for the single-point calibration techniques, other valid sensitivity ranges may be applied.
[0075] In preferred embodiments, the glucose monitor data is linearly regressed over a 24 hour period (or window),
and new sensitivity ratios are used for each 24 hour time period. In alternative embodiments, the time period may be
reduced to only a few hours or enlarged to cover the entire monitoring period with the glucose sensor (i.e., several days
- or even weeks with implanted sensors). In further embodiments, the time window may be fixed at a predetermined
size, such as 24 hours, 12 hours, 6 hours, or the like, and the window is moved along over the operational life of the sensor.
[0076] In particular embodiments, paired calibration data points from measurements taken before the last calibration
may be used to calculate a new sensitivity ratio. For example, to calibrate the glucose monitor every 6 hours, a paired
calibration data point is established every 6 hours. And the linear regression technique described above is executed
using 4 paired calibration data points, the most recently acquired point and points from 6, 12 and 18 hours before.
Alternatively, the number of paired calibration data points used in the calibration may be as few as one or as large as
the total number of paired calibration data points collected since the glucose sensor was installed. In alternative embod-
iments, the number of paired calibration data points used in a calibration equation may grow or shrink during the life of
the glucose sensor due to glucose sensor anomalies.
[0077] In still other embodiments, the decay characteristics of the glucose sensor 12 over time may be factored into
the equation to account for typical degradation characteristics of the glucose sensor 12 due to site characteristics,
enzyme depletion, body movement, or the like. Considering these additional parameters in the calibration equation will
more accurately tailor the calibration equation used by the glucose monitor 100 or post processor 200. In particular
embodiments, other parameters may be measured along with the blood glucose such as, temperature, pH, salinity, and
the like. And these other parameters are used to calibrate the glucose sensor using non-linear techniques.
[0078] In alternative embodiments, the calibration factor may be calculated by first using a single-point technique to
calculate the MSPSR for each paired calibration data point and then averaging them together, either unweighted or
weighted by temporal order of by elapsed time. In other alternative embodiments, other straight line curve fitting techniques
may be used to calculate a slope to be used as the SR. In additional alternative embodiments, other non-regressive
curve fitting techniques may be used to generate equations that express the blood glucose level relative to the Valid
ISIG. The equations may be polynomial, parabolic, hyperbolic, asymptotic, logarithmic, exponential, or the like. In these
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embodiments, the SR is not a single value (such as a slope) but rather an equation representing a curve that is used to
convert the Valid ISIG from the glucose sensor 12 to a blood glucose value in the glucose monitor 100 or a post processor
200. This method is especially effective when using sensors that produce signals that are not linearly proportional to the
characteristic being measured across the entire range of measurement.
[0079] As discussed, preferred embodiments utilize a least squares linear regression equation to calibrate the glucose
monitor 100 or post-processor 200 to analyze the sensor data. However, alternative embodiments may utilize a multiple
component linear regression, or equations with more variables than just the paired calibration data points, to account
for additional calibration effecting parameters, such as environment, the individual user’s characteristics, sensor lifetime,
manufacturing characteristics (such as lot characteristics), deoxidization, enzyme concentration fluctuation or degrada-
tion, power supply variations, or the like. Still other alternative embodiments may utilize singular and multiple, non-linear
regression techniques.
[0080] In preferred embodiments, after the first calibration is performed on a particular glucose sensor 12, subsequent
calibrations employ a weighted average using a sensitivity ratio (SPSR, MSPSR, LRSR, or MLRSR) calculated from
data collected since the last calibration, and previous sensitivity ratios calculated for previous calibrations. So the initial
sensitivity ratio (SR1) is calculated immediately after initialization/stabilization using a paired calibration data point and
is used by the glucose monitor 100 or the post processor 200 until the second sensitivity ratio (SR2) is calculated. The
second sensitivity ratio (SR2) is an average of SR1 and the sensitivity ratio as calculated using the paired calibration
data points since the initial calibration (SRday1). The equation is as follows: 

The third sensitivity ratio (SR3) is an average of SR2 and the sensitivity ratio as calculated using the paired calibration
data points since the second calibration (SRday2). The equation is as follows:

The sensitivity ratios for successive days use the same format, which is expressed below in generic terms: 

Where SRn is the new sensitivity ratio calculated at the beginning of time period, n, using data from time period (n-1),
to be used by a real time glucose monitor 100, to convert Valid ISIGs to blood glucose readings throughout time period, n.
SR(n-1) is the previous sensitivity ratio calculated at the beginning of time period, n-1, using data from time period (n-2).
SRday(n-1) is the sensitivity ratio calculated using paired calibration data points collected since the last calibration.
[0081] Alternatively, the previous sensitivity ratios may be ignored and the SR is calculated using only the paired
calibration data points since the last calibration. Another alternative is to equally average all previous SRs with the latest
SR calculated using only the paired calibration data points since the last calibration. In alternative embodiments, the
paired calibration data points are used to establish an equation for a curve representing SR over time. The curve is then
used to extrapolate SR to be used until the next paired calibration data point is entered.
[0082] In embodiments that use a post processor 200 to evaluate the sensitivity ratio, the sensitivity ratio is calculated
using paired calibration data points over a period of time since the last calibration and is not averaged with previous
SRs. The sensitivity ratio for a period of time can then be applied to the same period of time over which the paired
calibration data points were collected. This is more accurate than the real-time case described above for the glucose
monitor 100 because, in the real-time case, sensitivity ratios from a previous time period must be used to calculate the
blood glucose level in the present time period. If the sensitivity ratio has changed over time, the calculation of blood
glucose using an old sensitivity ratio introduces an error.
[0083] In particular embodiments, once calibration is complete, Valid ISIG values are converted to blood glucose
readings based on a particular version of the sensitivity ratio, and the resulting blood glucose readings are compared



EP 1 154 718 B1

13

5

10

15

20

25

30

35

40

45

50

55

to an out-of-range limit. If the resulting calculated blood glucose level is greater than a maximum out-of-range limit of
200 mg/d� (or equivalently 3600 mmol/�), the out-of-range alarm is activated. This is a calibration cancellation event,
therefore, ISIG values are no longer valid once this alarm is activated. The blood glucose readings are either not
calculated, or at least not considered reliable, until the glucose monitor 100 or post processor 200 is re-calibrated. The
user is notified of the alarm and that re-calibration is needed. In alternative embodiments, higher or lower maximum out-
of-range limits may be used depending on the sensor characteristics, the characteristic being measured, the user’s body
characteristics, and the like. In particular embodiments, a minimum out-of-range limit may be used or both a maximum
and a minimum out-of-range limits may be used. In other particular embodiments, the out-of-range limits do not cause
the blood glucose readings to become invalid and/or re-calibration is not required; however, an alarm could still be
provided. In additional particular embodiments, more than one ISIG value must exceed an out-of-range limit before an
alarm is activated of a calibration cancellation event is triggered. The ISIG values that are out-of-range are not used to
display a blood glucose value.
[0084] In alternative embodiments, calibration is conducted by injecting a fluid containing a known value of glucose
into the site around the glucose sensor set 10, and then one or more glucose sensor readings are sent to the glucose
monitor 100. The readings are processed (filtered, smoothed, clipped, averaged, and the like) and used along with the
known glucose value to calculate the SR for the glucose sensor 12. Particular alternative embodiments, use a glucose
sensor set of the type described in U.S. Patent 5,951,521 entitled "A Subcutaneous Implantable Sensor Set Having the
Capability To Remove Or Deliver Fluids To An Insertion Site".
[0085] In other alternative embodiments, the glucose sensor 12 is supplied with a vessel containing a solution with a
known glucose concentration to be used as a reference, and the glucose sensor 12 is immersed into the reference
glucose solution during calibration. The glucose sensor 12 may be shipped in the reference glucose solution. As described
above, the glucose sensor readings are used to calculate a sensitivity ratio given the known glucose concentration of
the solution.
[0086] In another alternative embodiment, the glucose sensors 12 are calibrated during the manufacturing process.
Sensors from the same manufacturing lot, that have similar properties, are calibrated using a sampling of glucose sensors
12 from the population and a solution with a known glucose concentration. The sensitivity ratio is provided with the
glucose sensor 12 and is entered into the glucose monitor 100 or the post processor 200 by the user or another individual.
[0087] The presently disclosed embodiments are therefore to be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by the appended claims, rather than the foregoing description.

Claims

1. A method of calibrating glucose monitor data, the method comprising the steps of:

retrieving glucose monitoring data (A-AD) that have been sampled from a sensor (10) at a predetermined
sampling rate;
deriving interval values (F’, L’, R’, X’, AD’) from the sampled glucose monitor data over a predetermined interval
rate;
applying clippings limits (502, 504, 512, 514) to the derived interval values (F’, L’, R’,X’, AD’);
deriving at least one glucose monitor data point (AD") by averaging the derived interval values (F’, L’, R’, X’,
AD’) at a predetermined memory storage rate; and
calibrating the sampled glucose monitor data using at least one blood glucose reference reading from another
blood glucose measuring device, said reference reading being temporally associated with the at least one
glucose monitor data point (AD"), and the corresponding at least one glucose monitoring point (AD").

2. The method of claim 1, wherein the step of calibrating the sampled glucose monitor data using the at least one
blood glucose reference reading and the corresponding at least one glucose monitor data point (AD") comprises:

determining a calibration equation using the at last one blood glucose reference reading and the corresponding
at least one glucose monitor data point (AD"); and
calibrating the sampled glucose monitor data (A-AD) using the calibration equation.

3. The method of claim 1 or claim 2, wherein the step of deriving interval values (F’, L’, R’, X’, AD’) from the sampled
glucose monitor data over a predetermined interval rate comprises averaging the sampled glucose monitor data.

4. The method of claim 1 or claim 2, wherein the step of deriving interval values (F’, L’, R’, X’, AD’) from the sampled
glucose monitor data over a predetermined interval rate comprises averaging the sampled glucose monitor data
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and ignoring a high and a low sampled value over the interval.

5. The method of claim 1 or claim 2, wherein the step of deriving interval values (F’, L’, R’, X’, AD’) from the sampled
glucose monitor data over a predetermined interval rate comprises applying clipping limits (502, 504, 512, 514) to
the sampled glucose monitor data over the interval and averaging the post-clipped sampled glucose monitor data.

6. The method of claim 1 or claim 2, wherein the step of averaging the derived interval values (F’, L’, R’, X’, AD’) over
the predetermined internval rate ignores a high and a low derived interval value obtained during one cycle of a
predetermined memory storage rate.

7. The method of claim 6, wherein the predetermined sampling rate is about once in 10 seconds, the predetermined
interval rate is about once in 1 minute, and the predetermined memory storage rate is about once in 5 minutes.

8. The method of any one of the preceding claims further comprising the steps of:

setting clipping limits (502, 504, 512, 514) for a first derived interval value (F’,L’,R’,X’,AD’); and
setting clipping limits (502, 504, 512, 514) for each subsequently derived interval value (F’, L’, R’, X’, AD’) based
on the clipping limits (502, 504, 512, 514) set for at least one preceding derived interval value (F’, L’, R’, X’, AD’).

9. The method of any one of claims 1 to 7, further comprising the steps of:

setting clipping limits (502, 504, 512, 514) for a first derived interval value; and
setting clipping limits (502, 504, 512, 514) for each subsequently derived interval value based on the clipping
limits (502, 504, 512, 51.4) set for all preceding derived interval values.

10. The method of any one of the preceding claims, wherein the calculation of the calibration factor is obtained using
linear regression.

11. The method of claim 10, wherein the linear regression is a least squares linear regression.

12. The method of any one of claims 1 to 9, wherein the calculation of the calibration equation is obtained using non-
linear regression.

13. The method of any one of claims 1 to 9, wherein the calculation of the calibration equation is obtained using a non-
regression technique.

14. The method of any one of the preceding claims, wherein the method further comprises the step of shifting the data
by a predetermined time factor.

15. The method of any one of claims 1 to 14, wherein the calibration is performed retrospectively on the sampled glucose
monitor data that has been collected for post processing using the calibration equation post process.

16. The method of claim 2 or any claim dependent thereto, wherein one or more calculations for calculating a first
calibration factor is different than one or more calculations for calculating all subsequent calibration factors.

17. The method of claim 16, wherein the one or more calculations for calculating subsequent calibration factors employ
a weighted average using a calibration factor calculated from data collected since the last calibration and previous
calibration factors calculated for previous calibrations.

18. The method of claim 16, wherein the calculation for calculating a first calibration factor uses a single-point calibration
equation.

19. The method of claim 18, wherein the single-point calibration factor includes an offset value.

20. The method of claim 18, wherein the calculation for calculating the subsequent calibration factors uses a linear
regression calibration equation.

21. The method of claim 18, wherein the calculation for calculating the subsequent calibration factors uses a non-linear
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regression calibration equation.

22. The method of claim 18, wherein the calculation for calculating the subsequent calibration factors uses a non-
regression calibration equation.

23. A carrier medium carrying computer readable code for controlling a computer to carry out the method of any one of
claims 1 to 22.

24. An apparatus for calibrating glucose monitor data, the apparatus comprising:

means for retrieving glucose monitor data (A-AD) that have been sampled from a sensor (10) at a predetermined
sampling rate;
means for deriving interval values (F’, L’, R’, X’, AD’) from the sampled glucose monitor data over a predetermined
interval rate;
means for applying clipping limits (502, 504, 512, 514) to the derived interval values (F’, L’, R’, X’, AD’);
means for deriving at least one glucose monitor data point (AD") by averaging the derived interval values (F’,
L’, R’, X’, AD’) at a predetermined memory storage rate; and
means for calibrating the sampled glucose monitor data using at least one blood glucose reference reading
from another blood glucose measuring device, said reference reading being temporally associated with the at
least one being glucose monitor data point (AD"), and the corresponding at least one glucose monitor data point
(AD").

Patentansprüche

1. Verfahren zum Kalibrieren von Daten einer Glukoseüberwachungsvorrichtung, wobei das Verfahren folgende Schrit-
te umfasst:

Abrufen von Glukoseüberwachungsdaten (A-AD), die von einem Sensor (10) mit einer vorbestimmten Abtastrate
abgetastet wurden;
Ableiten von Intervallwerten (F’, L’, R’, X’, AD’) von den abgetasteten Daten einer Glukoseüberwachungsvor-
richtung über eine vorbestimmte Intervallrate;
Anwenden von Begrenzungsgrenzwerten (502, 504, 512, 514) auf die abgeleiteten Intervallwerte (F’, L’, R’, X’,
AD’);
Ableiten von mindestens einem Datenpunkt einer Glukoseüberwachungsvorrichtung (AD") durch Mittelung der
abgeleiteten Intervallwerte (F’, L’, R’, X’, AD’) mit einer vorbestimmten Datenspeicberungsrate; und
Kalibrieren der abgetasteten Daten einer Glukoseüberwacliurigsvorrichtung unter Verwendung von mindestens
einer Blutglukoscreferenzablesung von einem anderen Blutglukosemessgerät, wobei die Referenzablesung
temporal in Zusammenhang steht mit dem mindestens einen Datenpunkt einer Glukoseüberwachungsvorrich-
tung (AD"), und des entsprechenden mindestens einen Glukoseüberwaehungspunktes (AD").

2. Verfahren nach Anspruch 1, wobei der Schritt des Kalibrierens der abgetasteten Daten der Glukoseüberwachungs-
vorrichtung unter Verwendung der mindestens einen Blutglukosereferenzablesung und des entsprechenden min-
destens einen Datenpunktes der Glukoseüberwachungsvorrichtung (AD") Folgendes umfasst:

Bestimmen einer Kalibriergleichung unter Verwendung der mindestens einen Blutglukoserefereinzablesung
und des entsprechenden mindestens einen Datenpunktes der Glukoseüberwachungsvorrichtung (AD"); und
Kalibrieren der abgetasteten Daten der Glukoseüberwaclaungsvorrichtung (A-AD) unter Verwendung der Ka-
libriergleichung.

3. Verfahren nach Anspruch 1 oder 2, wobei der Schritt des Ableitens von Intervallwerten (F’, L’, R’, X’, AD’) von den
abgetasteten Daten der Glukoseüberwachungsvorrichtung über eine vorbestimmte Intervallrate die Mittelung der
abgetasteten Daten der Glukoseüberwachungsvorrichtung umfasst.

4. Verfahren nach Anspruch 1 oder 2, wobei der Schritt des Ableitens von Intervallwerten (F’, L’, R’, X’, AD’) von den
abgetasteten Daten der Glukoseüberwachungsvorrichtung über eine vorbestimmte Intervallrate das Mitteln der
abgetasteten Daten der Gtukoseüberwachungsvorrichtung und das Ignorieren eines hohen und eines niedrigen
abgetasteten Wertes über den Intervall umfasst.
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5. Verfahren nach Anspruch 1 oder 2, wobei der Schritt des Ableitens von Intervallwerten (F’, L’, R’, X’, AD’) von den
abgetasteten Daten der Glukoseübcrwachungs-Vorrichtung über eine vorbestimmte Intervallrate das Anwenden
von Begrenzungsgrenzwerten (502, 504, 512, 514) auf die abgetasteten Daten der Glukoseüberwachungsvorrich-
tung über den Intervall und das Mitteln der abgetasteten Daten der Glukoseüberwachungsvorrichtung nach der
Begrenzung umfasst.

6. Verfahren nach Anspruch 1 oder 2, wobei der Schritt des Mittelns der abgeleiteten Intervallwerte (F’, L’, R’, X’, AD’)
über die vorbestimmte Intervallrate einen hohen und einen niedrigen abgeleiteten Intervallwert erhalten während
eines Zyklus einer vorbestimmten Datenspeicherungsrate ignoriert.

7. Verfahren nach Anspruch 6, wobei die vorbestimmte Abtastrate etwa einmal in 10 Sekunden ist, die vorbestimmte
Intervallrate etwa einmal in 1 Minute ist und die vorbestimmte Datenspeicherungsrate etwa einmal in 5 Minuten ist.

8. Verfahren nach einem der vorhergehenden Ansprüche, welches ferner folgende Schritte umfasst:

Einstellen von Begrenzungsgrenzwerten (502, 504, 512, 514) für einen ersten abgeleiteten Intervallwert (F’, L’,
R’, X’, AD’); und
Einstellen von Begrenzungsgrenzwerten (502, 504, 512, 514) für jeden nachfolgend abgeleiteten Intervallwert
(F’, L’, R’, X’, AD’) basierend auf den Begrenzungsgrenzwerten (502, 504, 512, 514) eingestellt für mindestens
einen vorhergehenden abgeleiteten Intervallwert (F’, L’, R’, X’, AD’).

9. Verfahren nach einem der Ansprüche 1 bis 7, welches ferner folgende Schritte umfasst:

Einstellen von Begrenzungsgrenzwerten (502, 504, 512, 514) für einen ersten abgeleiteten Intervallwert; und
Einstellen von Begrenzungsgrenzwerten (502, 504, 512, 514) für jeden nachfolgend abgeleiteten Intervallwert
basierend auf den Begrenzungsgrenzwerten (502, 504, 512, 514) eingestellt für alle vorhergehenden abgelei-
teten Intervallwerte.

10. Verfahren nach einem der vorhergehenden Ansprüche, wobei die Berechnung des Kalibrierfaktors unter Verwen-
dung linearer Regression erhalten wird.

11. Verfahren nach Anspruch 10, wobei die lineare Regression eine lineare Regression der kleinsten Quadrate ist.

12. Verfahren nach einem der Ansprüche 1 bis 9, wobei die Berechnung der Kalibriergleichung unter Verwendung
nichtlinearer Regression erhalten wird.

13. Verfahren nach einem der Ansprüche 1 bis 9, wobei die Berechnung der Kalibriergleichung unter Verwendung einer
Nichtregressionstechnik erhalten wird.

14. Verfahren nach einem der vorhergehenden Ansprüche, wobei das Verfahren ferner den Schritt des Verschiebens
der Daten um einen vorbestimmten Zeitfaktor umfasst.

15. Verfahren nach einem der Ansprüche 1 bis 14, wobei die Kalibrierung retrospektiv an den abgetasteten Daten der
Glukoseüberwachungsvorrichtung durchgeführt wird, die für die Nachbearbeitung unter Verwendung der "Post-
process" Kalibriergleichung gesammelt wurden.

16. Verfahren nach Anspruch 2 oder einem davon abhängigen Anspruch, wobei eine oder mehr Berechnungen für das
Berechnen eines ersten Kalibrierfaktors anders ist als eine oder mehr Berechnungen für das Berechnen aller nach-
folgenden Kalibrierfaktoren.

17. Verfahren nach Anspruch 16, wobei die eine oder mehr Berechnungen für das Berechnen nachfolgender Kalibrier-
faktoren einen gewichteten Durchschnitt unter Verwendung eines Kalibrierfaktors berechnet aus Daten gesammelt
seit der letzten Kalibrierung und von vorhergehenden Kalibrierfaktoren berechnet aus vorhergehenden Kalibrierun-
gen einsetzen.

18. Verfahren nach Anspruch 16, wobei die Berechnung für das Berechnen eines ersten Kalibrierfaktors eine Einzel-
punkt-Kalibriergleichung verwendet.
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19. Verfahren nach Anspruch 18, wobei der Einzelpunlct-Kalibrierfaktor einen Versatzwert enthält.

20. Verfahren nach Anspruch 18, wobei die Berechnung für das Berechnen der nachfolgenden Kalibrierfaktoren eine
Kalibricrgleichung mit linearer Regression verwendet.

21. Verfahren nach Anspruch 18, wobei die Berechnung für das Berechnen der nachfolgenden Kalibrierfaktoren eine
Kalibriergleichung mit nichtlinearer Regression verwendet.

22. Verfahren nach Anspruch 18, wobei die Berechnung für das Berechnen der nachfolgenden Kalibrierfaktoren eine
Kalibriergteichung ohne Regression verwendet.

23. Trägermedium, welches einen computerlesbaren Code für das Steuern eines Computers trägt, zum Ausführen des
Verfahrens nach einem der Anspruche 1 bis 22.

24. Vorrichtung zum Kalibrieren von Daten einer Glukoscüberwachungsvorrichtung, wobei die Vorrichtung folgendes
umfasst:

Mittel zum Abrufen von Daten einer Glukoseüberwachungsvorrichtung (A-AD), die von einem Sensor (10) mit
einer vorbestimmten Abtastrate abgetastet wurden;
Mittel zum Ableiten von Intervallwerten (F’, L’, R’, X’, AD’) von den abgetasteten Daten einer Glukoseüberwa-
chungsvorrichtung über eine vorbestimmte Intervallrate;
Mittel zum Anwenden von Begrenzungsgrenzwerten (502, 504, 512, 514) auf die abgeleiteten Intervallwerte
(F’, L’, R’, X’, AD’);
Mittel zum Ableiten von mindestens einem Datenpunkt einer Glukoseüberwachungsvorrichtung (AD") durch
Mittelung der abgeleiteten Intervallwerte (F’, L’, R’, X’, AD’) mit einer vorbestimmten Datenspeicherungsrate; und
Mittel zum Kalibrieren der abgetasteten Daten einer Glukoseüberwachungsvorrichtung unter Verwendung von
mindestens einer Blutglukosereferenzablesung von einem anderen Blutglukosemessgerät, wobei die Referenz-
ablesung temporal in Zusammenhang steht mit dem mindestens einen Datenpunkt einer Glukoseüberwacliungs-
Vorrichtung (AD"), und des entsprechenden mindestens einen Datenpunktes einer Glukoseübenvachungsvor-
richtung (AD").

Revendications

1. Procédé d’étalonnage de données d’indicateur de glycémie, le procédé comprenant les étapes de:

recherche de données d’indicateur de glycémie (A-AD) qui ont été échantillonnées à partir d’un capteur (10) à
une fréquence d’échantillonnage prédéterminée;
dérivation de valeurs d’intervalle (F’, L’, R’, X’, AD’) à partir des données d’indicateur de glycémie échantillonnées
sur une fréquence d’intervalle prédéterminée;
application de limites d’écrêtage (502, 504, 512, 514) aux valeurs d’intervalle dérivées (F’, L’, R.’, X’, AD’);
dérivation d’au moins un point de données d’indicateur de glycémie (AD") en calculant la moyenne des valeurs
d’intervalle dérivées (F’, L’, R’, X’, AD’) à une fréquence de stockage en mémoire prédéterminée; et
étalonnage des données d’indicateur de glycémie échantillonnées en utilisant au moins une lecture de référence
de glucose du sang en provenance d’un autre dispositif de mesure de glucose du sang, ladite lecture de
référence étant associée temporellement à l’au moins un point de données d’indicateur de glycémie (AD"), et
l’au moins un point de surveillance de glucose correspondant (AD").

2. Procédé selon la revendication 1, dans lequel l’étape d’étalonnage des données d’indicateur de glycémie échan-
tillonnées en utilisant l’au moins une lecture de référence de glucose du sang et l’au moins un point de données
d’indicateur de glycémie correspondant (AD") comprend:

la détermination d’une équation d’étalonnage en utilisant l’au moins une lecture de référence de glucose du
sang et l’au moins un point de données d’indicateur de glycémie correspondant (AD"); et
l’étalonnage des données d’indicateur de glycémie échantillonnées (A-AD) en utilisant l’équation d’étalonnage.

3. Procédé selon la revendication 1 ou 2, dans lequel l’étape de dérivation de valeurs d’intervalle (F’, L’, R’, X’, AD’)
à partir des données d’indicateur de glycémie échantillonnées sur une fréquence d’intervalle prédéterminée com-
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prend le calcul de la moyenne des données d’indicateur de glycémie échantillonnées.

4. Procédé selon la revendication 1 ou 2, dans lequel l’étape de dérivation de valeurs d’intervalle (F’, L’, R’, X’, AD’)
à partir des données d’indicateur de glycémie échantillonnées sur une fréquence d’intervalle prédéterminée com-
prend le calcul de la moyenne des données d’indicateur de glycémie échantillonnées et le fait d’ignorer des valeurs
échantillonnées élevée et faible sur l’intervalle.

5. Procédé selon la revendication 1 ou 2, dans lequel l’étape de dérivation de valeurs d’intervalle (F’, L’, R’, X’, AD’)
à partir des données d’indicateur de glycémie échantillonnées sur une fréquence d’intervalle prédéterminée com-
prend l’application de limites d’écrêtage (502, 504, 512, 514) aux données d’indicateur de glycémie échantillonnées
sur l’intervalle et le calcul de la moyenne des données d’indicateur de glycémie échantillonnées post-écrêtées.

6. Procédé selon la revendication 1 ou 2, dans lequel l’étape de calcul de la moyenne des valeurs d’intervalle dérivées
(F’, L’, R’, X’ AD’) sur la fréquence d’intervalle prédéterminée ignore des valeurs d’intervalle dérivées élevée et faible
obtenues pendant un cycle d’une fréquence de stockage en mémoire prédéterminée.

7. Procédé selon la revendication 6, dans lequel la fréquence d’échantillonnage prédéterminée est d’environ une fois
toutes les 10 secondes, la fréquence d’intervalle prédéterminée est d’environ une fois toutes les minutes et la
fréquence de stockage en mémoire prédéterminée est d’environ une fois toutes les 5 minutes.

8. Procédé selon l’une quelconque des revendications précédentes, comprenant en outre les étapes de:

établissement de limites d’écrêtage (502, 504, 512, 514) pour une première valeur d’intervalle dérivée (F’, L’,
R’, X’, AD’); et
établissement de limites d’écrêtage (502, 504, 512, 514) pour chaque valeur d’intervalle dérivée ensuite (F’, L’,
R’, X’, AD’) sur la base des limites d’écrêtage (502, 504, 512, 514) établies pour au moins une valeur d’intervalle
dérivée précédente (F’, L’, R’, X’, AD’).

9. Procédé selon l’une quelconque des revendications 1 à 7, comprenant en outre les étapes de:

établissement de limites d’écrêtage (502, 504, 512, 514) pour une première valeur d’intervalle dérivée; et
établissement de limites d’écrêtage (502, 504, 512, 514) pour chaque valeur d’intervalle dérivée ensuite sur la
base des limites d’écrêtage (502, 504, 512, 514) établies pour toutes les valeurs d’intervalle dérivées précé-
dentes.

10. Procédé selon l’une quelconque des revendications précédentes, dans lequel le calcul du facteur d’étalonnage est
réalisé en utilisant une régression linéaire.

11. Procédé selon la revendication 10, dans lequel la régression linéaire est une régression linéaire par les moindres
carrés.

12. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel le calcul de l’équation d’étalonnage est réalisé
en utilisant une régression non linéaire.

13. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel le calcul de l’équation d’étalonnage est réalisé
en utilisant une technique de non-régression.

14. Procédé selon l’une quelconque des revendications précédentes, dans lequel le procédé comprend en outre l’étape
de décalage des données d’un facteur temporel prédéterminé.

15. Procédé selon l’une quelconque des revendications 1 à 14, dans lequel l’étalonnage est réalisé de façon rétrospective
sur les données d’indicateur de glycémie échantillonnées qui ont été collectées pour un post-traitement en utilisant
l’équation d’étalonnage de « post-process ».

16. Procédé selon la revendication 2 ou selon l’une quelconque des revendications qui en dépend, où un ou plusieurs
calculs pour calculer un premier facteur d’étalonnage est (sont) différent(s) d’un ou de plusieurs calculs pour calculer
tous les facteurs d’étalonnage qui suivent.
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17. Procédé selon la revendication 16, dans lequel les un ou plusieurs calculs pour calculer des facteurs d’étalonnage
qui suivent utilise(nt) une moyenne pondérée qui utilise un facteur d’étalonnage calculé à partir de données collectées
depuis le dernier étalonnage et des facteurs d’étalonnage précédents calculés pour des étalonnages précédents.

18. Procédé selon la revendication 16, dans lequel le calcul pour calculer un premier facteur d’étalonnage utilise une
équation d’étalonnage mono-point.

19. Procédé selon la revendication 18, dans lequel le facteur d’étalonnage mono-point inclut une valeur de décalage.

20. Procédé selon la revendication 18, dans lequel le calcul pour calculer les facteurs d’étalonnage qui suivent utilise
une équation d’étalonnage par régression linéaire.

21. Procédé selon la revendication 18, dans lequel le calcul pour calculer les facteurs d’étalonnage qui suivent utilise
une équation d’étalonnage par régression non linéaire.

22. Procédé selon la revendication 18, dans lequel le calcul pour calculer les facteurs d’étalonnage qui suivent utilise
une équation d’étalonnage par non-régression.

23. Support d’information porteur d’un code lisible par ordinateur pour commander un ordinateur pour mettre en oeuvre
le procédé selon l’une quelconque des revendications 1 à 22.

24. Appareil pour étalonner des données d’indicateur de glycémie, l’appareil comprenant:

un moyen pour rechercher des données d’indicateur de glycémie (A-AD) qui ont été échantillonnées à partir
d’un capteur (10) selon une fréquence d’échantillonnage prédéterminée;
un moyen pour dériver des valeurs d’intervalle (F’, L’, R’, X’, AD’) à partir des données d’indicateur de glycémie
échantillonnées sur une fréquence d’intervalle prédéterminée;
un moyen pour appliquer des limites d’écrêtage (502, 504, 512, 514) aux valeurs d’intervalle dérivées (F’, L’,
R’, X’, AD’);
un moyen pour dériver au moins un point de données d’indicateur de glycémie (AD") en calculant la moyenne
des valeurs d’intervalle dérivées (F’, L’, R’, X’, AD’) à une fréquence de stockage en mémoire prédéterminée; et
un moyen pour étalonner les données d’indicateur de glycémie échantillonnées en utilisant au moins une lecture
de référence de glucose du sang en provenance d’un autre dispositif de mesure de glucose du sang, ladite
lecture de référence étant associée temporellement à l’au moins un point de données d’indicateur de glycémie
(AD"), et l’au moins un point de données d’indicateur de glycémie correspondant (AD").
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摘要(译)

校准葡萄糖监测数据的方法包括以预定间隔在一段时间内收集葡萄糖监
测数据。它还包括从参考源获得至少两个参考葡萄糖值，该参考源在时
间上对应于以预定间隔获得的葡萄糖监测数据。还包括使用参考葡萄糖
值和相应的葡萄糖监测数据计算校准特征以回归所获得的葡萄糖监测数
据。并且包括使用校准特性校准所获得的葡萄糖监测数据。在优选的实
施方案中，参考源是血糖仪（10,100），并且至少两个参考葡萄糖值是
从血液测试中获得的。在另外的实施例中，使用线性回归并且在特定实
施例中，最小二乘线性回归来获得校准特性的计算。或者，使用非线性
回归获得校准特性的计算。
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