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ANALYTE SENSOR CALIBRATION MANAGEMENT

PRIORITY

[0001] The present application claims priority to U.S. provisional application no.
61/170,084 filed April 16, 2009, entitled “Method and Apparatus for Providing
Data Processing and Control in a Medical Communications System”, the
disclosure of which is incorporated herein by reference for all purposes. The
present application is also related to U.S. patent application no. 12/363,712 filed
January 30, 2009, which claims priority to U.S. provisional application no.
61/040,633 filed March 28, 2008, the disclosures of each of which are incorporated

herein by reference for all purposes.

BACKGROUND

[0002] The detection of the level of glucose or other analytes, such as lactate,
oxygen or the like, in certain individuals is vitally important to their health. For
example, the monitoring of glucose is particularly important to individuals with
diabetes. Diabetics may need to monitor glucose levels to determine when insulin
is needed to reduce glucose levels in their bodies or when additional glucose is
needed to raise the level of glucose in their bodies.

[0003] Devices have been developed for continuous or automatic monitoring of
analytes, such as glucose, in bodily fluid such as in the blood stream or in
interstitial fluid. Some of these analyte measuring devices are configured so that at
least a portion of the devices are positioned below a skin surface of a user, e.g., in a
blood vessel or in the subcutaneous tissue of a user.

[0004] Following the sensor insertion, the resulting potential trauma to the skin
and/or underlying tissue, for example, by the sensor introducer and/or the sensor
itself, may, at times, result in instability of signals monitored by the sensor. This
may occur in a number of analyte sensors, but not in all cases. This instability is
characterized by a decrease in the sensor signal, and when this occurs, generally,
the analyte levels monitored may not be reported, recorded or output to the user.

[0005] Proper calibration of an analyte sensor with a reference glucose measurement

or reading is important for accurate sensor performance. Calibration is a process
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by which a conversion factor (or sensitivity) is determined and represented, in its
simplest form, as a ratio of the electrical current generated by the analyte sensor to
the reference blood glucose value (for example, obtained from an in vitro blood
glucose meter) associated in time (for example, relatively time corresponding) with
the current signal from the analyte sensor. Ideally, the sensitivity is constant
throughout the life of the analyte sensor when positioned in fluid contact with an
analyte of a user (such as interstitial fluid). In practice, however, the sensitivity
may vary over time. It has been observed that a depression or attenuation in the
sensitivity, usually following a predetermined time period measured from the
insertion or positioning of the analyte sensor occurs sometimes up to 24 hours for
some analyte sensors. This signal characteristic is referred to as Early Sensitivity
Attenuation (ESA) or referred to as ESA condition. The ESA condition may be a
result of a physiological response to the introduction of the analyte sensor to the
subcutaneous tissue, and may be present for any subcutancously inserted analyte
Sensor.

[0006] Generally, the use of a standard calibration calculation does not address the
signal attenuation. A typical standard calibration does not detect or manage the
attenuated signal characteristics, and also may potentially update or modify the
sensitivity using the erroneous and attenuated sensor signal. When sensor
calibration is performed while the sensor is undergoing a signal attenuation event,
the reported or resulting sensor signal may be erroneously high when the sensor
sensitivity has recovered after the termination of the signal attenuation event. Such
high biased results may be clinically unsafe, as they may lead to missed
hypoglycemic events, or overdoses of medication such as insulin. On the other
hand, when sensor calibration is performed prior to an early signal attenuation
event, erroncously low biased sensor signal will likely result during the period of
the sensor sensitivity depression. Such low glucose results may, depending on the
magnitude of the early signal attenuation event, result in false hypoglycemia
alarms or missed hyperglycemic events.

[0007] Another approach has been to delay the sensor calibration until after the
carly signal attenuation period measured, for example, from the initial sensor
insertion in the patient. However, this approach prevents the reporting of the

potentially erroneous analyte level monitored from the sensor during this period,
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but results in low data yield due to the undesirable delay for the display or
reporting of the monitored analyte levels from the sensors regardless of whether or

not early signal attenuation is present.

SUMMARY

[0008] Embodiments of the present disclosure include methods, devices, and
systems for calibrating an analyte sensor by determining if a comparison between a
sensitivity value and a prior sensitivity value is within a predetermined sensitivity
range, determining a composite sensitivity value based on the sensitivity value and
the prior sensitivity value, and assigning a successful calibration sensitivity value if
the comparison is within a predetermined sensitivity range.

[0009] Other embodiments include methods, devices, and systems for calibrating an
analyte sensor by determining if a second sensitivity value and a composite
sensitivity value is within a predetermined sensitivity range and determining a
second composite sensitivity value based on the second sensitivity value and a
successful calibration sensitivity value when the comparison is within the
predetermined sensitivity range.

[0010] Also provided are systems, computer program products, and kits.

INCORPORATION BY REFERENCE

[0011] The following patents, applications and/or publications are incorporated
herein by reference for all purposes: U.S. Patent Nos. 4,545,382; 4,711,245;
5,262,035; 5,262,305; 5,264,104; 5,320,715, 5,509,410; 5,543,326, 5,593,852;
5,601,435; 5,628,890; 5,820,551; 5,822,715, 5,899,855; 5,918,603; 6,071,391;
6,103,033; 6,120,676; 6,121,009; 6,134,461; 6,143,164; 6,144,837, 6,161,095;
6,175,752, 6,270,455; 6,284,478; 6,299,757; 6,338,790; 6,377,894, 6,461,496;
6,503,381; 6,514,460; 6,514,718; 6,540,891; 6,560,471; 6,579,690, 6,591,125;
6,592,745, 6,600,997 6,605,200; 6,605,201; 6,616,819; 6,618,934, 6,650,471;
6,654,625; 6,676,816; 6,730,200; 6,736,957; 6,746,582; . 6,749,740; 6,764,581,
6,773,671, 6,881,551; 6,893,545; 6,932,892; 6,932,894; 6,942,518; 7,167,818; and
7,299,082; U.S. Published Application Nos. 2004/0186365; 2005/0182306;
2007/0056858; 2007/0068807; 2007/0227911; 2007/0233013; 2008/0081977;
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2008/0161666; and 2009/0054748; U.S. Patent Application Serial Nos.

11/831,866; 11/831,881; 11/831,895; 12/102,839; 12/102,844; 12/102,847;
12/102,855; 12/102,856; 12/152,636; 12/152,648; 12/152,650; 12/152,652;
12/152,657; 12/152,662; 12/152,670; 12/152,673; 12/363,712; 12/131,012;
12/242,823; 12/363,712; 12/393,921; 12/495,709; 12/698,124; 12/699,653;
12/699,844; 12/714,439; 12/761,372; and 12/761,387 and U.S. Provisional
Application Serial Nos. 61/230,686 and 61/227,967.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 shows a block diagram of an embodiment of a data monitoring and
management system according to the present disclosure;

[0013] FIG. 2 shows a block diagram of an embodiment of the transmitter unit of
the data monitoring and management system of FIG. 1;

[0014] FIG. 3 shows a block diagram of an embodiment of the receiver/monitor unit
of the data monitoring and management system of FIG. 1;

[0015] FIG. 4 shows a schematic diagram of an embodiment of an analyte sensor
according to the present disclosure;

[0016] FIGS. 5A-5B show a perspective view and a cross sectional view,
respectively of an embodiment the analyte sensor of FIG. 4;

[0017] FIG. 6 is a flowchart illustrating an overall analyte sensor calibration
management in accordance with one embodiment of the present disclosure;

[0018] FIG. 7 is a flowchart illustrating early signal attenuation (ESA) detection
routine of FIG. 6 in accordance with one aspect of the present disclosure;

[0019] FIG. 8 is a flowchart illustrating early signal attenuation (ESA)
categorization routine of FIG. 6 in accordance with one aspect of the present
disclosure; and

[0020] FIG. 9 is a flowchart illustrating early signal attenuation (ESA) management
routine of FIG. 6 in accordance with one aspect of the present disclosure; and

[0021] FIG. 10 is a flowchart illustrating an outlier data point verification in
calibration management routine in accordance with another embodiment of the

present disclosure.
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DETAILED DESCRIPTION

[0022] Within the scope of the present disclosure, early signal attenuation (ESA)
condition which may be attributable to associated instability of monitored analyte
levels resulting from skin and/or tissue trauma when the sensor is transcutancously
positioned under the skin layer of a user. Analyte sensors may be manufactured
and/or the trauma resulting from the inserted sensor may be such that the sensor
attains a stability point or an equilibration level after a relatively short time period
— for example, within approximately one hour (or less) from the initial sensor
insertion.

[0023] In one aspect, the signals from the analyte sensor may be monitored for ESA
condition detection. When no ESA condition is detected and/or the sensor reaches
the equilibration level within the short time period measured from the initial sensor
insertion or positioning, then the analyte monitoring system may be configured to
request a reference blood glucose value from the user, for example, a fingerstick in
vitro test using a blood glucose meter, to calibrate the sensor signals, and after
calibration, report or display to the user the monitored analyte levels. In this
manner, in one aspect, the initial baseline calibration of the analyte sensor may be
performed after approximately one hour from the initial sensor insertion, and upon
successful calibration, the resulting real time analyte levels displayed to the user,
or otherwise stored or logged in the analyte monitoring system and/or transmitted
to a remote device or terminal.

[0024] When the potential for ESA condition or actual ESA condition is detected
after the initial equilibration time period, for example, of approximately one hour
from the sensor insertion, the analyte monitoring system may be configured to alert
the user to wait a predetermined time period before providing the reference blood
glucose value to provide the sensor to stabilize, or alternatively, the user may be
prompted to provide the reference blood glucose value to confirm whether the
potential ESA condition monitored is an actual occurrence of ESA condition.

[0025] In one aspect, the scheduled calibration of the analyte sensor may be delayed
to provide the sensor additional time period to reach a desired or acceptable
stability level. Among other conditions, boundaries may be established to provide
the sensor additional time period to reach a predetermined or acceptable stability

level before the received analyte sensor signals are calibrated, and thus, provided
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to the user. Within the scope of the present disclosure, other conditions and
parameters may be provided to establish or detect ESA condition during a
predetermined time period from the initial sensor insertion, for example, during the
first 24 hours since sensor insertion.

[0026] In this manner, in one aspect, when it is determined that the transcutaneously
positioned sensor has reached an acceptable stability level resulting in the desired
or predetermined equilibration level, the analyte monitoring system may display or
otherwise accept, output, log, or process the monitored analyte level, substantially
in real time, received from the transcutancously positioned sensor. In one aspect,
the acceptable stability level is analyzed at approximately one hour from the initial
sensor insertion, and thereafter, with no ESA condition is detected, the analyte
sensor data is calibrated against a reference blood glucose value (for example,
received from an in vitro glucose meter).

[0027] In the case where ESA condition or the potential for such signal attenuation
is detected, the analyte monitoring system may be configured in one embodiment
to perform one or more routines or functions to verify the sensor related signals to
confirm the ESA condition, to notify the user to refrain from performing a
fingerstick test using a blood glucose meter to provide a reference blood glucose
value for calibration, among others.

[0028] Before the present disclosure is described in additional detail, it is to be
understood that this disclosure is not limited to particular embodiments described,
as such may, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not
intended to be limiting, since the scope of the present disclosure will be limited
only by the appended claims.

[0029] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within the disclosure. The
upper and lower limits of these smaller ranges may independently be included in
the smaller ranges is also encompassed within the disclosure, subject to any

specifically excluded limit in the stated range. Where the stated range includes one
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or both of the limits, ranges excluding either or both of those included limits are
also included in the disclosure.

[0030] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. Although any methods and materials similar or
equivalent to those described herein can also be used in the practice or testing of
the present disclosure, the preferred methods and materials are now described. All
publications mentioned herein are incorporated herein by reference to disclose and
describe the methods and/or materials in connection with which the publications
are cited.

[0031] It must be noted that as used herein and in the appended claims, the singular

forms

“a”, “an”, and “the” include plural referents unless the context clearly
dictates otherwise.

[0032] The publications discussed herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be construed
as an admission that the present disclosure is not entitled to antedate such
publication by virtue of prior disclosure. Further, the dates of publication provided
may be different from the actual publication dates which may need to be
independently confirmed.

[0033] As will be apparent to those of skill in the art upon reading this disclosure,
cach of the individual embodiments described and illustrated herein has discrete
components and features which may be readily separated from or combined with
the features of any of the other several embodiments without departing from the
scope or spirit of the present disclosure.

[0034] The figures shown herein are not necessarily drawn to scale, with some
components and features being exaggerated for clarity.

[0035] Generally, embodiments of the present disclosure relate to methods and
devices for detecting at least one analyte such as glucose in body fluid. In certain
embodiments, the present disclosure relates to the continuous and/or automatic in
vivo monitoring of the level of an analyte using an analyte sensor.

[0036] Accordingly, embodiments include analyte monitoring devices and systems
that include an analyte sensor - at least a portion of which is positionable beneath

the skin of the user - for the in vivo monitoring, of an analyte, such as glucose,
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lactate, and the like, in a body fluid. Embodiments include wholly implantable
analyte sensors and analyte sensors in which only a portion of the sensor is
positioned under the skin and a portion of the sensor resides above the skin, e.g.,
for contact to a transmitter, receiver, transceiver, processor, etc. The sensor may
be, for example, subcutancously positionable in a patient for the continuous or
periodic monitoring of a level of an analyte in a patient's interstitial fluid. For the
purposes of this description, continuous monitoring and periodic monitoring will
be used interchangeably, unless noted otherwise. The analyte level may be
correlated and/or converted to analyte levels in blood or other fluids. In certain
embodiments, an analyte sensor may be positioned in contact with interstitial fluid
to detect the level of glucose, which detected glucose may be used to infer the
glucose level in the patient's bloodstream. Analyte sensors may be insertable into a
vein, artery, or other portion of the body containing fluid. Embodiments of the
analyte sensors of the subject disclosure may be configured for monitoring the
level of the analyte over a time period which may range from minutes, hours, days,
weeks, or longer.

[0037] Of interest are analyte sensors, such as glucose sensors, that are capable of in
vivo detection of an analyte for about one hour or more, ¢.g., about a few hours or
more, ¢.g., about a few days of more, ¢.g., about three or more days, ¢.g., about
five days or more, ¢.g., about seven days or more, ¢.g., about ten days or more,
e.g., about several weeks or at least one month. Future analyte levels may be
predicted based on information obtained, e.g., the current analyte level at time t,
the rate of change of the analyte, etc. Predictive alarms may notify the user of
predicted analyte levels that may be of concern prior in advance of the analyte
level reaching the future level. This enables the user an opportunity to take
corrective action.

[0038] FIG. 1 shows a data monitoring and management system such as, for
example, an analyte (e.g., glucose) monitoring system 100 in accordance with
certain embodiments. Embodiments of the subject disclosure are further described
primarily with respect to glucose monitoring devices and systems, and methods of
glucose detection, for convenience only and such description is in no way intended

to limit the scope of the disclosure. It is to be understood that the analyte
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monitoring system may be configured to monitor a variety of analytes at the same
time or at different times.

[0039] Analytes that may be monitored include, but are not limited to, acetyl
choline, amylase, bilirubin, cholesterol, chorionic gonadotropin, creatine kinase
(e.g., CK-MB), creatine, DNA, fructosamine, glucose, glutamine, growth
hormones, hormones, ketones, lactate, peroxide, prostate-specific antigen,
prothrombin, RNA, thyroid stimulating hormone, and troponin. The concentration
of drugs, such as, for example, antibiotics (e.g., gentamicin, vancomycin, and the
like), digitoxin, digoxin, drugs of abuse, theophylline, and warfarin, may also be
monitored. In those embodiments that monitor more than one analyte, the analytes
may be monitored at the same or different times.

[0040] The analyte monitoring system 100 includes a sensor 101, a data processing
unit 102 connectable to the sensor 101, and a primary receiver unit 104 which is
configured to communicate with the data processing unit 102 via a communication
link 103. In certain embodiments, the primary receiver unit 104 may be further
configured to transmit data to a data processing terminal 105 to evaluate or
otherwise process or format data received by the primary receiver unit 104. The
data processing terminal 105 may be configured to receive data directly from the
data processing unit 102 via a communication link which may optionally be
configured for bi-directional communication. Further, the data processing unit 102
may include a transmitter or a transceiver to transmit and/or receive data to and/or
from the primary receiver unit 104, the data processing terminal 105 or optionally
the secondary receiver unit 106.

[0041] Also shown in FIG. 1 is an optional secondary receiver unit 106 which is
operatively coupled to the communication link and configured to receive data
transmitted from the data processing unit 102. The secondary receiver unit 106
may be configured to communicate with the primary receiver unit 104, as well as
the data processing terminal 105. The secondary receiver unit 106 may be
configured for bi-directional wireless communication with each of the primary
receiver unit 104 and the data processing terminal 105. As discussed in further
detail below, in certain embodiments the secondary receiver unit 106 may be a de-
featured receiver as compared to the primary receiver, i.e., the secondary receiver

may include a limited or minimal number of functions and features as compared
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with the primary receiver unit 104. As such, the secondary receiver unit 106 may
include a smaller (in one or more, including all, dimensions), compact housing or
embodied in a device such as a wrist watch, arm band, etc., for example.
Alternatively, the secondary receiver unit 106 may be configured with the same or
substantially similar functions and features as the primary receiver unit 104. The
secondary receiver unit 106 may include a docking portion to be mated with a
docking cradle unit for placement by, e.g., the bedside for night time monitoring,
and/or bi-directional communication device.

[0042] Only one sensor 101, data processing unit 102 and data processing terminal
105 are shown in the embodiment of the analyte monitoring system 100 illustrated
in FIG. 1. However, it will be appreciated by one of ordinary skill in the art that
the analyte monitoring system 100 may include more than one sensor 101 and/or
more than one data processing unit 102, and/or more than one data processing
terminal 105. Multiple sensors may be positioned in a patient for analyte
monitoring at the same or different times. In certain embodiments, analyte
information obtained by a first positioned sensor may be employed as a
comparison to analyte information obtained by a second sensor. This may be useful
to confirm or validate analyte information obtained from one or both of the
sensors. Such redundancy may be useful if analyte information is contemplated in
critical therapy-related decisions. In certain embodiments, a first sensor may be
used to calibrate a second sensor.

[0043] The analyte monitoring system 100 may be a continuous monitoring system,
or semi-continuous, or a discrete monitoring system. In a multi-component
environment, each component may be configured to be uniquely identified by one
or more of the other components in the system so that communication conflict may
be readily resolved between the various components within the analyte monitoring
system 100. For example, unique IDs, communication channels, and the like, may
be used.

[0044] In certain embodiments, the sensor 101 is physically positioned in or on the
body of a user whose analyte level is being monitored. The sensor 101 may be
configured to at least periodically sample the analyte level of the user and convert
the sampled analyte level into a corresponding signal for transmission by the data

processing unit 102. The data processing unit 102 is coupleable to the sensor 101
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so that both devices are positioned in or on the user's body, with at least a portion

of the analyte sensor 101 positioned transcutancously. The data processing unit

102 performs data processing functions, where such functions may include but are

not limited to, filtering and encoding of data signals, each of which corresponds to

a sampled analyte level of the user, for transmission to the primary receiver unit

104 via the communication link 103. In one embodiment, the sensor 101 or the

data processing unit 102 or a combined sensor/data processing unit may be wholly

implantable under the skin layer of the user.

[0045] In one aspect, the primary receiver unit 104 may include an analog interface
section including and RF receiver and an antenna that is configured to
communicate with the data processing unit 102 via the communication link 103,
data processing unit 102and a data processing section for processing the received
data from the data processing unit 102 such as data decoding, error detection and
correction, data clock generation, and/or data bit recovery.

[0046] In operation, the primary receiver unit 104 in certain embodiments is
configured to synchronize with the data processing unit 102 to uniquely identify
the data processing unit 102, based on, for example, an identification information
of the data processing unit 102, and thereafter, to periodically receive signals
transmitted from the data processing unit 102 associated with the monitored
analyte levels detected by the sensor 101.

[0047] Referring again to FIG. 1, the data processing terminal 105 may include a
personal computer, a portable computer such as a laptop or a handheld device (e.g.,
personal digital assistants (PDAs), telephone such as a cellular phone (e.g., a
multimedia and Internet-enabled mobile phone such as an iPhone or similar
phone), mp3 player, pager, and the like), drug delivery device, each of which may
be configured for data communication with the receiver via a wired or a wireless
connection. Additionally, the data processing terminal 105 may further be
connected to a data network (not shown) for storing, retrieving, updating, and/or
analyzing data corresponding to the detected analyte level of the user.

[0048] The data processing terminal 105 may include an infusion device such as an
insulin infusion pump or the like, which may be configured to administer insulin to
patients, and which may be configured to communicate with the primary receiver

unit 104 for receiving, among others, the measured analyte level. Alternatively,
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the primary receiver unit 104 may be configured to integrate an infusion device
therein so that the primary receiver unit 104 is configured to administer insulin (or
other appropriate drug) therapy to patients, for example, for administering and
modifying basal profiles, as well as for determining appropriate boluses for
administration based on, among others, the detected analyte levels received from
the data processing unit 102. An infusion device may be an external device or an
internal device (wholly implantable in a user).

[0049] In particular embodiments, the data processing terminal 105, which may
include an insulin pump, may be configured to receive the analyte signals from the
data processing unit 102, and thus, incorporate the functions of the primary
receiver unit 104 including data processing for managing the patient’s insulin
therapy and analyte monitoring. In certain embodiments, the communication link
103 as well as one or more of the other communication interfaces shown in FIG. 1
may use one or more of an RF communication protocol, an infrared
communication protocol, a Bluetooth enabled communication protocol, an 802.11x
wireless communication protocol, or an equivalent wireless communication
protocol which would allow secure, wireless communication of several units (for
example, per HIPPA requirements) while avoiding potential data collision and
interference.

[0050] FIG. 2 is a block diagram of the data processing unit of the data monitoring
and detection system shown in FIG. 1 in accordance with certain embodiments.
The data processing unit 102 thus may include one or more of an analog interface
201 configured to communicate with the sensor 101 (FIG. 1), a user input 202, and
a temperature detection section 203, each of which is operatively coupled to a
transmitter processor 204 such as a central processing unit (CPU). The transmitter
may include user input and/or interface components or may be free of user input
and/or interface components.

[0051] Further shown in FIG. 2 are serial communication section 205 and an RF
transmitter 206, each of which is also operatively coupled to the transmitter
processor 204. Moreover, a power supply 207, such as a battery, may also be
provided in the data processing unit 102 to provide the necessary power for the

data processing unit 102. Additionally, as can be seen from the Figure, clock 208
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may be provided to, among others, supply real time information to the transmitter
processor 204.

[0052] As can be seen in the embodiment of FIG. 2, the sensor unit 101 (FIG. 1)
includes four contacts, three of which are electrodes - work electrode (W) 210,
guard contact (G) 211, reference electrode (R) 212, and counter electrode (C) 213,
cach operatively coupled to the analog interface 201 of the data processing unit
102. In certain embodiments, each of the work electrode (W) 210, guard contact
(G) 211, reference electrode (R) 212, and counter electrode (C) 213 may be made
using a conductive material that may be applied by, e.g., chemical vapor
deposition (CVD), physical vapor deposition, sputtering, reactive sputtering,
printing, coating, ablating (e.g., laser ablation), painting, dip coating, etching, and
the like. Materials include but are not limited to aluminum, carbon (such as
graphite), cobalt, copper, gallium, gold, indium, iridium, iron, lead, magnesium,
mercury (as an amalgam), nickel, niobium, osmium, palladium, platinum, rhenium,
rhodium, selenium, silicon (e.g., doped polycrystalline silicon), silver, tantalum,
tin, titanium, tungsten, uranium, vanadium, zinc, zirconium, mixtures thereof, and
alloys, oxides, or metallic compounds of these elements.

[0053] The processor 204 may be configured to generate and/or process control
signals to the various sections of the data processing unit 102 during the operation
of the data processing unit 102. In certain embodiments, the processor 204 also
includes memory (not shown) for storing data such as the identification
information for the data processing unit 102, as well as the data associated with
signals received from the sensor 101. The stored information may be retrieved and
processed for transmission to the primary receiver unit 104 under the control of the
processor 204. Furthermore, the power supply 207 may include a commercially
available battery.

[0054] In certain embodiments, a manufacturing process of the data processing unit
102 may place the data processing unit 102 in the lower power, non-operating state
(i.e., post-manufacture sleep mode). In this manner, the shelf life of the data
processing unit 102 may be significantly improved. Moreover, as shown in FIG. 2,
while the power supply unit 207 is shown as coupled to the processor 204, and as
such, the processor 204 is configured to provide control of the power supply unit

207, it should be noted that within the scope of the present disclosure, the power
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supply unit 207 is configured to provide the necessary power to each of the
components of the data processing unit 102 shown in FIG. 2.

[0055] Referring back to FIG. 2, the power supply section 207 of the data
processing unit 102 in one embodiment may include a rechargeable battery unit
that may be recharged by a separate power supply recharging unit (for example,
provided in the receiver unit 104) so that the data processing unit 102 may be
powered for a longer period of usage time. In certain embodiments, the data
processing unit 102 may be configured without a battery in the power supply
section 207, in which case the data processing unit 102 may be configured to
receive power from an external power supply source (for example, a battery,
electrical outlet, etc.) as discussed in further detail below.

[0056] Referring yet again to FIG. 2, a temperature detection section 203 of the data
processing unit 102 is configured to monitor the temperature of the skin near the
sensor insertion site. The temperature reading may be used to adjust the analyte
readings obtained from the analog interface 201. Also shown is a leak detection
circuit 214 coupled to the guard trace (G) 211 and the processor 204 in the data
processing unit 102 of the data monitoring and management system 100. The leak
detection circuit 214 may be configured to detect leakage current in the sensor 101
to determine whether the measured sensor data are corrupt or whether the
measured data from the sensor 101 is accurate. Such detection may trigger a
notification to the user.

[0057] FIG. 3 is a block diagram of the receiver/monitor unit such as the primary
receiver unit 104 of the data monitoring and management system shown in FIG. 1
in accordance with certain embodiments. The primary receiver unit 104 includes
one or more of: a blood glucose test strip interface 301, an RF receiver 302, an
input 303, a temperature detection section 304, and a clock 305, each of which is
operatively coupled to a processing and storage section 307. The primary receiver
unit 104 also includes a power supply 306 operatively coupled to a power
conversion and monitoring section 308. Further, the power conversion and
monitoring section 308 is also coupled to the receiver processor 307. Moreover,
also shown are a receiver serial communication section 309, and an output 310,

cach operatively coupled to the processing and storage unit 307. The receiver may
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include user input and/or interface components or may be free of user input and/or
interface components.

[0058] In certain embodiments, the test strip interface 301 includes a glucose level
testing portion to receive a blood (or other body fluid sample) glucose test or
information related thereto. For example, the interface may include a test strip port
to receive a glucose test strip. The device may determine the glucose level of the
test strip, and optionally display (or otherwise notice) the glucose level on the
output 310 of the primary receiver unit 104. Any suitable test strip may be
employed, e.g., test strips that only require a very small amount (e.g., one
microliter or less, e.g., 0.5 microliter or less, e.g., 0.1 microliter or less), of applied
sample to the strip in order to obtain accurate glucose information, e.g. FreeStyle®
blood glucose test strips from Abbott Diabetes Care Inc. Glucose information
obtained by the in vitro glucose testing device may be used for a variety of
purposes, computations, etc. For example, the information may be used to
calibrate sensor 101, confirm results of the sensor 101 to increase the confidence
thereof (e.g., in instances in which information obtained by sensor 101 is employed
in therapy related decisions), etc.

[0059] In one aspect, the RF receiver 302 is configured to communicate, via the
communication link 103 (FIG. 1) with the RF transmitter 206 of the data
processing unit 102, to receive encoded data from the data processing unit 102 for,
among others, signal mixing, demodulation, and other data processing. The input
303 of the primary receiver unit 104 is configured to allow the user to enter
information into the primary receiver unit 104 as needed. In one aspect, the input
303 may include keys of a keypad, a touch-sensitive screen, and/or a voice-
activated input command unit, and the like. The temperature monitor section 304
may be configured to provide temperature information of the primary receiver unit
104 to the processing and control section 307, while the clock 305 provides,
among others, real time or clock information to the processing and storage section
307.

[0060] Each of the various components of the primary receiver unit 104 shown in
FIG. 3 is powered by the power supply 306 (or other power supply) which, in
certain embodiments, includes a battery. Furthermore, the power conversion and

monitoring section 308 is configured to monitor the power usage by the various
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components in the primary receiver unit 104 for effective power management and
may alert the user, for example, in the event of power usage which renders the
primary receiver unit 104 in sub-optimal operating conditions. The serial
communication section 309 in the primary receiver unit 104 is configured to
provide a bi-directional communication path from the testing and/or manufacturing
equipment for, among others, initialization, testing, and configuration of the
primary receiver unit 104. Serial communication section 104 can also be used to
upload data to a computer, such as time-stamped blood glucose data. The
communication link with an external device (not shown) can be made, for
example, by cable (such as USB or serial cable), infrared (IR) or RF link. The
output/display 310 of the primary receiver unit 104 is configured to provide,
among others, a graphical user interface (GUI), and may include a liquid crystal
display (LCD) for displaying information. Additionally, the output/display 310
may also include an integrated speaker for outputting audible signals as well as to
provide vibration output as commonly found in handheld electronic devices, such
as mobile telephones, pagers, etc. In certain embodiments, the primary receiver
unit 104 also includes an electro-luminescent lamp configured to provide
backlighting to the output 310 for output visual display in dark ambient
surroundings.

[0061] Referring back to FIG. 3, the primary receiver unit 104 may also include a
storage section such as a programmable, non-volatile memory device as part of the
processor 307, or provided separately in the primary receiver unit 104, operatively
coupled to the processor 307. The processor 307 may be configured to perform
Manchester decoding (or other protocol(s)) as well as error detection and
correction upon the encoded data received from the data processing unit 102 via
the communication link 103.

[0062] In further embodiments, the data processing unit 102 and/or the primary
receiver unit 104 and/or the secondary receiver unit 105, and/or the data processing
terminal/infusion section 105 may be configured to receive the blood glucose value
wirelessly over a communication link from, for example, a blood glucose meter.

In further embodiments, a user manipulating or using the analyte monitoring
system 100 (FIG. 1) may manually input the blood glucose value using, for

example, a user interface (for example, a keyboard, keypad, voice commands, and
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the like) incorporated in the one or more of the data processing unit 102, the
primary receiver unit 104, secondary receiver unit 105, or the data processing
terminal/infusion section 105.

[0063] Additional detailed descriptions of embodiments of the continuous analyte
monitoring system, embodiments of its various components are provided in U.S.
Patent No. 6,175,752 issued January 16, 2001 entitled "Analyte Monitoring Device
and Methods of Use", in application No. 10/745,878 filed December 26, 2003
entitled "Continuous Glucose Monitoring System and Methods of Use", and in
application No. 12/698,124 filed February 1, 2010, each assigned to the Assignee
of the present application and incorporated by reference for all purposes.

[0064] FIG. 4 schematically shows an embodiment of an analyte sensor in
accordance with the present disclosure. The sensor 400 includes electrodes 401,
402 and 403 on a base 404. The sensor may be wholly implantable in a user or may
be configured so that only a portion is positioned within (internal) a user and
another portion outside (external) a user. For example, the sensor 400 may include
a portion positionable above a surface of the skin 410, and a portion positioned
below the skin. In such embodiments, the external portion may include contacts
(connected to respective electrodes of the second portion by traces) to connect to
another device also external to the user such as a transmitter unit. While the
embodiment of FIG. 4 shows three electrodes side-by-side on the same surface of
base 404, other configurations are contemplated, e.g., fewer or greater electrodes,
some or all electrodes on different surfaces of the base or present on another base,
some or all electrodes stacked together, electrodes of differing materials and
dimensions, etc.

[0065] FIG. 5A shows a perspective view of an embodiment of an electrochemical
analyte sensor 500 having a first portion (which in this embodiment may be
characterized as a major portion) positionable above a surface of the skin 510, and
a second portion (which in this embodiment may be characterized as a minor
portion) that includes an insertion tip 530 positionable below the skin, e.g.,
penetrating through the skin and into, e.g., the subcutancous space 520, in contact
with the user’s biofluid such as interstitial fluid. Contact portions of a working
clectrode 501, a reference clectrode 502, and a counter electrode 503 are

positioned on the portion of the sensor 500 situated above the skin surface 510.
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Working electrode 501, a reference electrode 502, and a counter electrode 503 are
shown at the second section and particularly at the insertion tip 530. Traces may be
provided from the electrode at the tip to the contact, as shown in FIG. 5A. It is to
be understood that greater or fewer electrodes may be provided on a sensor. For
example, a sensor may include more than one working electrode and/or the counter
and reference electrodes may be a single counter/reference electrode, etc.

[0066] FIG. 5B shows a cross sectional view of a portion of the sensor 500 of FIG.
5A. The electrodes 510, 502 and 503, of the sensor 500 as well as the substrate
and the dielectric layers are provided in a layered configuration or construction.
For example, as shown in FIG. 5B, in one aspect, the sensor 500 (such as the
sensor unit 101 FIG. 1), includes a substrate layer 504, and a first conducting layer
501 such as carbon, gold, etc., disposed on at least a portion of the substrate layer
504, and which may provide the working electrode. Also shown disposed on at
least a portion of the first conducting layer 501 is a sensing layer 508.

[0067] Referring back to FIG. 5B, a first insulation layer such as a first dielectric
layer 505 is disposed or layered on at least a portion of the first conducting layer
501, and further, a second conducting layer 509 may be disposed or stacked on top
of at least a portion of the first insulation layer (or dielectric layer) 505. As shown
in FIG. 5B, the second conducting layer 509 may provide the reference electrode
502, and in one aspect, may include a layer of silver/silver chloride (Ag/AgCl),
gold, etc.

[0068] Referring still again to FIG. 5B, a second insulation layer 506 such as a
dielectric layer in one embodiment may be disposed or layered on at least a portion
of the second conducting layer 509. Further, a third conducting layer 503 may
provide the counter electrode 503. It may be disposed on at least a portion of the
second insulation layer 506. Finally, a third insulation layer may be disposed or
layered on at least a portion of the third conducting layer 503. In this manner, the
sensor 500 may be layered such that at least a portion of each of the conducting
layers is separated by a respective insulation layer (for example, a dielectric layer).

[0069] The embodiment of FIGS. 5A and 5B show the layers having different
lengths. Some or all of the layers may have the same or different lengths and/or

widths.
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[0070] In certain embodiments, some or all of the electrodes 501, 502, 503 may be
provided on the same side of the substrate 504 in the layered construction as
described above, or alternatively, may be provided in a co-planar manner such that
two or more electrodes may be positioned on the same plane (e.g., side-by side
(e.g., parallel) or angled relative to each other) on the substrate 504. For example,
co-planar electrodes may include a suitable spacing there between and/or include
dielectric material or insulation material disposed between the conducting
layers/electrodes. Furthermore, in certain embodiments one or more of the
electrodes 501, 502, 503 may be disposed on opposing sides of the substrate 504.
In such embodiments, contact pads may be one the same or different sides of the
substrate. For example, an electrode may be on a first side and its respective
contact may be on a second side, ¢.g., a trace connecting the electrode and the
contact may traverse through the substrate.

[0071] In certain embodiments, the data processing unit 102 may be configured to
perform sensor insertion detection and data quality analysis, information pertaining
to which may also transmitted to the primary receiver unit 104 periodically at the
predetermined time interval. In turn, the receiver unit 104 may be configured to
perform, for example, skin temperature compensation/correction as well as
calibration of the sensor data received from the data processing unit 102.

[0072] As noted above, analyte sensors may include an analyte-responsive enzyme
in a sensing layer. Some analytes, such as oxygen, can be directly electrooxidized
or electroreduced on a sensor, and more specifically at least on a working electrode
of a sensor. Other analytes, such as glucose and lactate, require the presence of at
least one electron transfer agent and/or at least one catalyst to facilitate the
electrooxidation or electroreduction of the analyte. Catalysts may also be used for
those analyte, such as oxygen, that can be directly electrooxidized or
electroreduced on the working electrode. For these analytes, each working
electrode includes a sensing layer (see for example sensing layer 508 of FIG. 5B)
formed proximate to or on a surface of a working electrode. In many embodiments,
a sensing layer is formed near or on only a small portion of at least a working
electrode.

[0073] A variety of different sensing layer configurations may be used. In certain

embodiments, the sensing layer is deposited on the conductive material of a
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working electrode. The sensing layer may extend beyond the conductive material
of the working electrode. In some cases, the sensing layer may also extend over
other electrodes, e.g., over the counter electrode and/or reference electrode (or
counter/reference is provided). The sensing layer may be integral with the material
of an electrode.

[0074] Sensors described herein may be configured to require no system calibration
or no user calibration. For example, a sensor may be factory calibrated and need
not require further calibrating. In certain embodiments, calibration may be
required, but may be done without user intervention, i.e., may be automatic. In
those embodiments in which calibration by the user is required, the calibration may
be according to a predetermined schedule or may be dynamic, i.e., the time for
which may be determined by the system on a real-time basis according to various
factors. Calibration may be accomplished using an in vitro test strip or other
calibrator, e.g., a small sample test strip such as a test strip that requires less than
about 1 microliter of sample (for example FreeStyle® blood glucose monitoring
test strips from Abbott Diabetes Care Inc.). For example, test strips that require
less than about 1 nanoliter of sample may be used. In certain embodiments, a
sensor may be calibrated using only one sample of body fluid per calibration event.
For example, a user using need only lance a body part one time to obtain sample
for a calibration event (e.g., for a test strip), or may lance more than one time
within a short period of time if an insufficient volume of sample is obtained firstly.
Embodiments include obtaining and using multiple samples of body fluid for a
given calibration event, where glucose values of each sample are substantially
similar. Data obtained from a given calibration event may be used independently to
calibrate or combined with data obtained from previous calibration events, ¢.g.,
averaged including weighted averaged, etc., to calibrate.

[0075] An analyte system may include an optional alarm system that, ¢.g., based on
information from a processor, warns the patient of a potentially detrimental
condition of the analyte. For example, if glucose is the analyte, an alarm system
may warn a user of conditions such as hypoglycemia and/or hyperglycemia and/or
impending hypoglycemia, and/or impending hyperglycemia. An alarm system may
be triggered when analyte levels reach or exceed a threshold value. An alarm

system may also, or alternatively, be activated when the rate of change or
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acceleration of the rate of change in analyte level increase or decrease reaches or
exceeds a threshold rate or acceleration. For example, in the case of a glucose
monitoring system, an alarm system may be activated if the rate of change in
glucose concentration exceeds a threshold value which might indicate that a
hyperglycemic or hypoglycemic condition is likely to occur. A system may also
include system alarms that notify a user of system information such as battery
condition, calibration, sensor dislodgment, sensor malfunction, etc. Alarms may
be, for example, auditory and/or visual. Other sensory-stimulating alarm systems
may be used including alarm systems which heat, cool, vibrate, or produce a mild
electrical shock when activated.

[0076] The subject disclosure also includes sensors used in sensor-based drug
delivery systems. The system may provide a drug to counteract the high or low
level of the analyte in response to the signals from one or more sensors.
Alternatively, the system may monitor the drug concentration to ensure that the
drug remains within a desired therapeutic range. The drug delivery system may
include one or more (e.g., two or more) sensors, a transmitter, a receiver/display
unit, and a drug administration system. In some cases, some or all components may
be integrated in a single unit. The sensor-based drug delivery system may use data
from the one or more sensors to provide necessary input for a control
algorithm/mechanism to adjust the administration of drugs, ¢.g., automatically or
semi-automatically. As an example, a glucose sensor could be used to control and
adjust the administration of insulin from an external or implanted insulin pump.

[0077] Returning to the Figures, as discussed above the sensitivity associated with
the analyte sensor may be attenuated during the first 24 hours or so following the
sensor insertion due to, for example, tissue trauma, and the like, potentially
resulting in ESA condition for the analyte sensor. Accordingly, in accordance with
embodiments of the present disclosure, analyte sensor calibration management is
provided to effectively detect the occurrence of the sensor ESA condition, properly
categorizing it and thereafter, managing the ESA condition such that potentially
false readings from the sensor are minimized while the time period by which the
reporting of the monitored analyte level from the sensor is initiated as close to the

initial sensor insertion as possible.



WO 2010/121229 PCT/US2010/031525
20

[0078] In one aspect, the analyte sensor calibration management routine may be
configured to detects the presence of ESA condition, confirm the detected ESA
event, and to manage calibration during the confirmed ESA event to ensure
optimal calibration sensitivity estimate.

[0079] In one aspect, the analyte sensor calibration management algorithm includes
three parts: (1) ESA detection, (2) ESA categorization, and (3) ESA management.
Each aspect or part of the management algorithm is discussed in detail below.

[0080] In one aspect, the ESA detection component of the calibration management
algorithm includes detection of the sensor signal (for example, the raw current
signal from the analyte sensor) and evaluating it for characteristics of ESA
condition. If ESA condition is detected based on this evaluation, a calibration of
the analyte sensor is requested (for example, by prompting the user to perform a
fingerstick measurement and enter the resulting reference blood glucose
measurement value) to obtain a sensitivity used to confirm the ESA event.

[0081] The ESA categorization aspect of the sensor calibration management routine
in one aspect of the present disclosure includes rating the severity of the possible
attenuation in the analyte sensor signal based on the sensitivities from the
calibration measurements. In one aspect, the ESA categorization routine may
classify the sensor signal characteristics into one of three categories: (a) No ESA
(0), (b) Possible ESA (1), or (b) Likely ESA (2), based upon which, the ESA
management component of the calibration management routine, in one aspect,
performs additional processing to, for example, output the resulting monitored
analyte level (for example, on the display of the receiver unit 104/106 (FIG. 1)), or
request additional reference blood glucose measurements within a given time
period, to verify that the ESA condition is no longer present or insignificant.

[0082] More specifically, the ESA management routine of the calibration
management algorithm, in one aspect, may be configured to either update the
calibration sensitivity and report or display the monitored analyte level from the
sensor, update the calibration sensitivity and temporarily report the monitored
analyte level, or suspend reporting of the monitored analyte level, based, at least in
part, on the ESA categorization routine. In this manner, in one aspect of the
present disclosure, there is provided an effective sensor calibration management

approach that optimizes the analyte monitoring system accuracy and improves user
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experience, based on, for example, maximizing data yield (reporting the monitored
glucose level as early as possible from the initial insertion), while minimizing the
number of necessary calibration attempts (for example, the need to perform in vitro
blood glucose testing).

[0083] More specifically, in one aspect, the ESA detection routine of the calibration
management algorithm may be configured to detect possible ESA events by
evaluating various signal characteristics, including sensor output, temperature,
and/or elapsed time from sensor insertion. The ESA detection routine in one
aspect evaluates the sensor signal for characteristics similar to those present or
associated with ESA events, including, for example a depression or attenuation in
the sensor signal during the first 24 hours. The threshold for the ESA detection
routine may vary according to apriori knowledge of how the probability of ESA
event may be correlated to other measurable quantities, and/or according to real-
time revision of the likelihood of the ESA event itself. An example of apriori
knowledge may include the correlation of the probability of the ESA condition to
clapsed time since the start of sensor life (i.e., sensor insertion).

[0084] When the ESA detection routine determines that there is a high probability
that the sensor output is exhibiting ESA condition characteristics, in one aspect,
another calibration measurement (i.¢., fingerstick test) may be requested to be used
to categorize and confirm the ESA event. The calibration request timing and the
sensor signal reporting following the ESA condition detection may vary depending
on the certainty or the likelihood of the ESA condition presence based on the ESA
detection routine.

[0085] For example, in one embodiment, if the ESA detection routine determines
that the probability of ESA condition is high, then calibration may be requested
immediately (for example, by prompting the user to perform another fingerstick
test) and provide the reference blood glucose measurement value obtained, and the
sensor representing the monitored analyte level are not reported to the user, but
rather, withheld (for example, by disabling, suspending or deactivating the display
in the receiver unit 104/106) until a calibration measurement can be performed to
confirm the presence of ESA condition. On the other hand, if the ESA detection
routine determines that the likelihood of the presence of ESA condition is less

certain, sensor data corresponding to the monitored analyte level may be reported
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or displayed to the user on a conditional basis, and additional calibrations may be
requested at a later scheduled time if the attenuated signal characteristics
(potentially indicating a likelihood of ESA condition) persist for a predetermined
time period.

[0100] The ESA categorization routine of the analyte sensor calibration
management algorithm in one aspect, may be configured to categorize the sensor
signal characteristics into three levels that are based on the confidence in the
existence of ESA condition for the sensor. The routine may be configured to
assess the sensor signal by looking at magnitude of the raw sensor signal (Sr), as
well as the sensitivity of the sensor signal obtained from a reference glucose
measurement, for which both magnitude (Si) and variation (dSi) from previous
reference measurements are considered. Thresholds for each signal measurement
(Sr, Si and dSi), assigned for each of the three algorithm categorization levels (0, 1
or 2), may be checked to assign the sensitivity to one of the three ESA categories.

[0101] The three categories indicate the confidence level or the likelihood that ESA
condition is present for the analyte sensor. For example, No ESA (level 0)
indicates that there is no likelihood that ESA condition is present for the sensor.
Possible ESA (level 1) indicates that there may be a possibility of ESA condition
present for the sensor at this calibration event. Further, Likely ESA (level 2)
indicates that it is likely there is ESA condition present for the sensor at the current
calibration event. The checks for these measurements are performed at each
calibration measurement, for example, when the user performs a fingerstick test to
obtain the reference blood glucose measurement, resulting in the appropriate
categorization for each calibration event. Since the probability of the ESA signal
characteristic varies with elapsed time from the initiation of sensor wear, the
thresholds for the ESA categorization routine may vary over time. The thresholds
may also vary based on the outcome of previous calibration measurements for any
given sensor, since the probability that a given calibration will result in a detection
of ESA increases when a signal perturbation has been previously observed for the
Sensor.

[0102] The ESA management routine of the sensor calibration management
algorithm in one aspect of the present disclosure has three outcomes that are based

on the level of confidence in the presence of ESA condition for the sensor. For
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calibrations that are categorized as having No ESA (level 0), it is not likely that an
ESA event will result in inaccurate results, and therefore, the sensor data
corresponding to the monitored analyte level are determined and reported based on
the sensitivity obtained from the calibration event.

[0103] For calibrations that are categorized as Possible ESA (level 1), the sensitivity
estimate may likely be valid for a limited time period, and therefore, the sensor
data corresponding to the monitored analyte level may be determined and reported
to the user based on the sensitivity obtained from the calibration event on a
probationary basis (for a predetermined time period such as, for example, two
hours or any other suitable probationary time period), after which the user may be
prompted to perform another calibration to confirm the continued validity of the
sensitivity obtained from calibration.

[0104] For calibrations categorized as Likely ESA (level 2), it is highly likely that
the sensor data corresponding to the monitored analyte level will include
substantial attenuation or error, and therefore, the reporting or output of the sensor
data is suspended for a predetermined wait period during which the sensor signal is
allowed to recover (for example, from the temporary attenuation). At the end of
the predetermined wait time period, the user may be requested to perform another
fingerstick test to perform another calibration to verify that ESA condition is no
longer present or that it is insignificant.

[0105] In this manner, in accordance with various embodiments of the present
disclosure, analyte sensor calibration management is provided which effectively
processes the analyte sensor signals to maximize the accurate reporting of the
monitored analyte level while minimizing the potential for providing false or
erroncous readings from the sensor during the occurrence of signal attenuation
cvents.

[0106] In one aspect of the present disclosure, the routines and algorithms described
herein may be incorporated in the receiver unit 104/106, the data processing unit
102, or the data processing terminal/infusion section 105 of the analyte monitoring
system 100 (FIG. 1). More specifically, in accordance with the embodiments of
the present disclosure, there may be provided one or more signal detectors
configured to perform some, shared or all of the routines described herein to

management sensor calibration for the ESA detection, the ESA categorization, and
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the ESA management, by for example, one or more processors, state machines and
the like which may include integrated circuits, application specific integrated
circuits (ASIC), and/or combination of hardware and software components
including memory devices such as random access memory (RAM), read only
memory (ROM), solid state drives, and the like.

[0107] More specifically, in one embodiment, a plurality of signal detectors may be
used to implement the calibration management routine described herein. A first
signal detector may be configured for detection of ESA state based on blood
glucose measurements or other reference information and the analyte sensor data
from the sensor analyte monitoring system. The outcome of a first signal detector
may be configured to determine whether the monitored sensor signal from the
analyte monitoring system is in ESA condition.

[0108] A second signal detector may be configured to monitor the analyte
monitoring system sampled data (for example, one minute data, or any suitable
sampling rate). In one aspect, a second signal detector may be configured to
instruct the analyte monitoring system to prompt the user to enter an immediate or
scheduled blood glucose measurement (for example, based on a fingerstick test
using a blood glucose meter) confirm whether an ESA condition exists, and to be
used in conjunction with the first signal detector —i.¢., the detection of ESA state
of the analyte monitoring system based on the reference blood glucose
measurements.

[0109] In one aspect, the first and second signal detectors are configured to generate
one of a plurality, e.g., three, ESA levels — level 0: no ESA, level 1: possible ESA,
and level 2: likely ESA. As discussed above, in one aspect, the level 2 condition
associated with possible ESA state of the sensor may be characterized as no
significant signal attenuation but based on the detected or monitored conditions
associated with the sensor, a verification of the potential ESA condition is desired
or necessary within a predetermined period, such as, two hours (or any other

suitable time period).

First signal detector and ESA Categorization module

[0110] The fingerstick test (or reference blood glucose measurement)-based ESA

detector (ESA_FS) operates when a calibration attempt passes a data condition
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verification routine during the active ESA detection phase. More specifically, the
ESA_FS detector starts its activity at the first baseline calibration (for example, at
about one hour or less from the time of sensor insertion). It remains active during
the initial phase of the sensor life (for example, approximately the first 24 hours
from initial insertion) when the likelihood of ESA condition is greatest.

[0111] In one embodiment, the first signal detector takes the role of “ESA
Categorization” module 620 (FIG. 6) during active ESA condition detection phase.
In addition, if other signal detectors do not suspect ESA condition, but an eligible
fingerstick blood glucose measurement is made during the active ESA condition
detection phase, first signal detector also takes the role of “ESA Detection” module
610.

[0112] The ESA_FS detector uses two tests, one relative and one absolute, either of
which can detect signal attenuation levels (ESA_FS level) based on any reference
blood glucose measurement within the active ESA detection phase. The higher of
the two levels may be chosen if they are not the same for the two tests. More
specifically, in one embodiment, the relative test compares the value of the latest
immediate sensitivity based on the latest fingerstick blood glucose test, S;(k), to the
values of the previous immediate sensitivity, Sj(k-1), and the most recent
immediate sensitivity used to calculate the composite sensitivity, Si(m). The values
Si(k), Si(k-1), and Si(m) are selected such that calibration post condition
verifications pass at those instances (at time index k, k-1, and m). In one aspect,
manual calibrations are subject to the tests performed by the ESA_FS detector, but
the resulting immediate sensitivities may not be used as previous values.

[0113] Based on the relative test, two ratios are formed, Si(k)/Si(k-1), and Si(k)/Si(m).
The two threshold values of ESA FS levels are assigned using these ratios as

follows:

(1) ESA_FS level 2 (likely ESA condition) if:
Si(k)/Si(k-1) <Ko rel Bsa rsp21 » OR Si(k)/Si(m) <Ko rel ESA FS Calf2],

(2) ESA_FS level 1 (possible ESA condition) if NOT ESA_FS level 2 AND:

Si(k)/Si(k-1) <Ko ret Esa rsp1i] OR Si(k)/Si(m) < Kjo rel ESA FS Cal[1]
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where Ki, rel Esa rsj2)18 less than or equal to Ky, ret 5sa rspi}, and further,

Kio Rel ESA Fs cai2] 18 less than or equal to Ky, rel Esa rs caii), and further, where each of

these parameters may be predetermined values (for example, set at 0.5 or 0.75 or

other suitable value) programmed or programmable in the receiver unit 104/106 (FIG.

1) of the analyte monitoring system, for example.

[0114] Otherwise, the relative test of ESA FS generates a level 0 output indicative
of absence of ESA condition.

[0115] In accordance with aspects of the present disclosure, the absolute test
compares the sensitivity level S;(k) to sensitivity thresholds scaled to the analyte
sensor nominal sensitivity Spom. As in the relative test, S;(k) may be chosen such

that it passes calibration post condition verifications. ESA_FS levels are assigned

as follows:

ESA FS level 2 (likely ESA condition) if: Si(k)/Snom < Kmin Abs ESA FS[2]

ESA FS level 1 (possible ESA condition) if NOT ESA_FS level 2 AND:
Si(k)/ Snom < Kmin_Abs ESA_FS[1]

where < Kpmin Abs EsA rs[211S less than equal to Kyin abs sa rs1), and further,
cach of these two parameters may be predetermines or programmed.

[0116] Otherwise, the absolute test of ESA_FS generates a level 0 output (indicating
no detected ESA condition).

[0117] The threshold values for the relative and absolute tests above may be valid
when the likelihood of ESA condition is the greatest. When the ESA detectors
remain active beyond that time up to an absolute latest time beyond which the ESA
detection will be ignored by the system, the likelihood of ESA may be assumed to
be correlated to the elapsed time since sensor insertion, and that different
likelihoods allow for different tradeoffs between maximizing ESA detection and

minimizing the number of calibration requests.

Second signal detector

[0118] The second signal detector in the analyte monitoring system is based on
inferring ESA condition from the analyte sensor signal characteristics. One

example of a signal characteristic is the detection of low glucose values. When this
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detector reports a nonzero ESA level (for example, presence of signal attenuation
(ESA)), there are two possibilities: either the system is in ESA, or the user is in (or
near) hypoglycemia.

[0119] In one embodiment, the second signal detector may be configured to include
the functions of the “ESA Detection” module 610 (FIG. 6), and is not used solely
to categorize the detected ESA condition for the “ESA Management” module 630
of the overall system. When the second signal detector produces a nonzero output,
a reference blood glucose measurement is expected in a manner determined by the
“ESA Management” module 630 of the overall system.

[0120] To minimize the effect of noise, a predefined number of the most recent
unfiltered glucose samples from the analyte sensor, Gcyz, are averaged to derive at
the glucose value Gesa cou.

[0121] The detector reports one of three possible ESA levels based on the glucose

value GESAiCGM:

ESA level 2 (likely ESA condition) if: GESAﬁCGM < GminiESAiCGM[Z]

ESA level 1 (possible ESA condition) if NOT ESA_FS level 2 AND:

GEsa_ com < Gmin ESA_CGMI1]

where Gmin EsA compz) 18 less than or equal to Gmin £sa cowmpiy, and further,
correspond to predetermined values or parameters programmed into the system.
[0122] Otherwise, the absolute test of ESA generates a level 0 output indicating no
detected ESA condition. Furthermore, if all of the most recent predefined number
of unfiltered glucose sample G4z is not available, the second signal detector may

be configured to report a zero level.

ESA Event Manager

[0123] In one embodiment, different roles of the first signal detector and the
coexistence of the second signal detector may be managed by the “ESA
Management” module 630 (FIG. 6). The ESA management may be influenced by
the sensitivity and specificity of each detector, the history of past or prior
calibration events and reference blood glucose measurement timing, the scheduled

calibration events in the near future, and other aspects including usability.
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[0124] In the case where the sensor is in the level 0 condition indicating absence of
ESA condition, the second signal detector may be configured to begin to operate
after the second baseline calibration (that is, the second scheduled calibration time
period for the analyte sensor) which may be a floating calibration event (measured
from when the no ESA condition is determined) scheduled following the first
absolute calibration (measured from the initial sensor insertion event) and thereby
reporting measured glucose levels to the user. In one aspect, the display or output
of the measured glucose levels may be suspended at a predetermined time
associated with the earliest allowable termination of the signal detectors in the
System.

[0125] In order to avoid closely spaced fingerstick blood glucose measurements, in
one aspect, the output from the second signal detector may be ignored when either
less than a predefined idle time period has elapsed after a successful baseline
calibration where asynchronous stability request is not allowed (for example, 30
minutes) after any calibration attempt, or when less than a predefined idle time
period has elapsed prior to the next scheduled baseline calibration where
asynchronous stability request is not allowed (for example, 30 minutes) before any
scheduled calibration attempt.

[0126] In one aspect, during active ESA detection phase, the first signal detector is
used to determine whether ESA condition is present or absent. In one
embodiment, it is assumed that ESA condition is absent at the sensor start — that is,
when the sensor is initially inserted. The transition, behavior, and retention of the
states in one aspect are described below. For example, in one aspect, transition
into a determination that ESA condition is present occurs when the latest ESA FS
level is determined to be greater than the largest allowable output level from the
first signal detector of prior measurements that is considered as an indication of
being free from early signal attenuation. For example, in the case where level 0
and level 1 are considered not sufficiently stringent for attenuation mitigation, in
one aspect of the present disclosure, only level 2 may be configured to trigger the
transition to a state where it is determined that ESA condition is present.

[0127] When the analyte monitoring system determines that the sensor is in ESA
condition, in one aspect, the receiver unit 104/106 (FIG. 1) may be configured to

disable the output or display of the measured or detected glucose level. Moreover,
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the receiver unit 104/106 may be configured to maintain the disabled (or
suspended or deactivated) output/display for a predefined idle time period after the
presence of ESA condition has been confirmed by the reference blood glucose
measurement before the user is prompted for another confirmation (for example,
by requesting another fingerstick test) before transitioning to the state with
confirmed no ESA condition.

[0128] Furthermore, in yet another aspect, receiver unit 104/106 may be configured
to not request a stability calibration verification while sensor is in ESA condition.
However, any user-motivated or self- initiated fingerstick blood glucose
measurement may be used, if confirmed, to transition into a state where ESA
condition is absent. Also, when the sensor is deemed to be in the confirmed no
ESA condition, the second signal detector shows a level 0 (reflecting a no ESA
condition), and signal precondition verification passes, the receiver unit 104/106
(FIG. 1) of the analyte monitoring system may be configured to request a reference
blood glucose measurement to confirm that the absence of ESA condition is
complete and/or to initiate calibration.

[0129] In one aspect, transition into a state associated with absence of ESA
condition occurs when a new fingerstick blood glucose measurement shows an
ESA_FS level (for example, the output of the first signal detector discussed above)
that is less than or equal to the largest allowable output level from the first signal
detector of prior measurements that is considered as an indication of being free
from carly signal attenuation. A successful calibration is required for glucose
results to be reported or displayed, for example.

[0130] When it is determined that ESA condition is absent, the sensor signals, in
one aspect may be further processed to determine stability and possible errors. For
example, in one aspect, when a level 2 output (i.¢., likely ESA condition) from the
second signal detector occurs for the first time, an immediate request for a stability
calibration may be generated. After the first occurrence of level 2 output from the
second signal detector, the analyte sensor signals are checked at the time intervals
(for example, approximately 1 to 2 hours, or other suitable time interval) since the
last reference blood glucose measurement with stability verification routine before
another measurement is requested, after the most recent successful calibration.

Further, a nonzero level (i.e., a level 1 or level 2 — possible or likely ESA
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condition) triggers a stability calibration request. Also, in one aspect, if a previous
ESA_FS level is greater than 0, a reference blood glucose measurement is
requested at a time interval since the last blood glucose measurement, and ESA_FS
is determined using the new reference measurement.

[0131] Referring now to the Figures, FIG. 6 is a flowchart illustrating an overall
analyte sensor calibration management in accordance with one embodiment of the
present disclosure. As shown, analyte sensor calibration management system in
accordance with one aspect of the present disclosure includes an ESA detection
module 610, and ESA categorization module 620, and an ESA management
module. As discussed above, the ESA detection module 610 is configured to
detect the occurrence of an early signal attenuation event during the initial time
period following the analyte sensor insertion or wear, for example, the first 24 hour
period measured from the initial sensor insertion.

[0132] When signal attenuation associated with an analyte sensor is detected, the
ESA categorization module in one embodiment is configured to properly
categorize the detected signal attenuation condition. Thereafter, depending upon
the type of ESA condition detected — for example, no ESA condition detection,
likely ESA condition detection, or possible ESA condition detection, the ESA
management module 630 is configured to initiate one or more processes to confirm
the detected and categorized signal attenuation condition. And further, to perform
additional processing to effectively manage the calibration algorithm associated
with the analyte sensor operation such that maximum reportable data yield may be
attained, providing improved usability of the analyte sensor for continuously or
intermittently monitoring and outputting monitored analyte level such as the
fluctuation in the glucose level of a patient or a user.

[0133] FIG. 7 is a flowchart illustrating early signal attenuation (ESA) detection
routine of FIG. 6 in accordance with one aspect of the present disclosure.
Referring to FIG. 7, the ESA detection routine executed by the ESA detection
module 610 (FIG. 6), for example, is described. More specifically, for each
monitored signal from the analyte sensor (such as for each one minute data from
the analyte sensor), a new timestep is initiated (701), and it is determined whether
ESA detector should be or has started (702). If it is determined that the ESA

detector has not or should not be started, then the routine waits for the next time
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step (714) based on the next signal received from the sensor (for example, the
subsequent one minute signal received from the analyte sensor).

[0134] Referring to FIG. 7, if it is determined that ESA detector should or did start
(702), then it is determined whether it should be terminated (703). If it is
determined that the ESA detector should be terminated (703), then the routine ends
(704). However, if it is determined that the ESA detector should not terminate
(703), then it is determined whether a pending reference blood glucose
measurement request timer has been activated (705). If it is determined that the
pending reference blood glucose measurement request timer has been activated
(705), then in one embodiment, a reference blood glucose measurement request is
generated and output to the user with a nonzero grace period (706). Thereafter, the
ESA detector is suspended and the system waits for the requested reference blood
glucose measurement.

[0135] On the other hand, if it is determined that the pending reference blood
glucose measurement request timer is not activated (705), then analyte sensor
signal information as well as other relevant information is retrieved or obtained
(707). That is, for example, the sensor raw current signal, the associated
temperature information, sensor counter voltage data, for example, are obtained, in
addition to other relevant information such as, for example, the sensor code
sensitivity, immediate sensitivity, time duration elapsed since the sensor insertion,
and time elapsed since the prior sensor calibration event, for example. Within the
scope of the present disclosure, other relevant data related to the operation and
characteristics of the analyte sensor may be obtained.

[0136] Referring still to FIG. 7, thereafter, the probability or ESA condition
presence is determined (709), the result of which is compared to one or more
threshold values to determine whether high ESA condition probability exists (710).
If it is determined that high ESA condition probability exists, then reference blood
glucose measurement data is requested with a nonzero grace period (711), and the
ESA detection routine is suspended to await for the requested reference blood
glucose measurement data. On the other hand, if it is determined that high ESA
condition probability does not exist (710), then it is determined whether medium
ESA condition probability exists (712). If it is determined that medium ESA

condition probably does not exist, then the routine proceeds to wait for the next
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sensor data (714). On the other hand, if it is determined that medium ESA
condition probability exists (712), then a pending reference blood glucose
measurement timer is set to activate at a predetermined relative time in the future,
unless a successful calibration event is detected prior to the expiration of the
activated timer (713).

[0137] Inthe manner described above, in one embodiment of the present disclosure,
the ESA detection module 610 (FIG. 6) may be configured to detect attenuation in
analyte sensor signal during the initial time period from the sensor insertion.

[0138] Referring back to the Figures, FIG. 8 is a flowchart illustrating early signal
attenuation (ESA) categorization routine of FIG. 6 in accordance with one aspect
of the present disclosure. As described in detail above, upon detection of a signal
attenuation occurrence associated with an analyte sensor, the detected attenuation
is categorized by, for example, the ESA categorization module (620). More
specifically, referring now to FIG. 8, for each new timestep associated with the
detection of the one minute sensor signal from the analyte sensor, for example
(810), it is determined whether ESA detector is active (820). Ifit is determined
that the ESA detector is not active (or the ESA routine is not activated or initiated),
then the ESA categorization routine terminates (821).

[0139] On the other hand, if it is determined that the ESA detector is active (820),
then it is determined whether a new reference blood glucose measurement is
available (830). If the reference blood glucose measurement is not available, then
the routine terminates and waits for the next analyte sensor signal (860). Ifitis
determined, however, that the reference blood glucose measurement is available
(830), then analyte sensor related information is retrieved and/or collected (840).
In one embodiment, analyte sensor related information may include, for example,
sensor signal history, previous reference blood glucose measurement values,
calibration time period, and the like. Thereafter, the detected signal attenuation is
categorized into one of three categories — level 0, level 1, and level 2,
corresponding to no ESA condition, possible ESA condition, and likely ESA
condition, respectively and as discussed in detail above. In one embodiment, after
categorization, the routine proceeds to the ESA management module (630) (FIG.
6) and also, repeats the same categorization procedure for the next received sensor

signal.
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[0140] Referring back, as discussed, after performing ESA condition categorization
(620) (FIG. 6), in one aspect, the ESA condition management routine is initiated
(630). More specifically, FIG. 9 is a flowchart illustrating early signal attenuation
(ESA) management routine of FIG. 6 in accordance with one aspect of the present
disclosure. As shown, for each analyte sensor signal received or detected (901), it
is first determined whether the ESA detector is active (902). If it is determined
that the ESA detector is not active, then the ESA management routine terminates
(903).

[0141] On the other hand, if it is determined that the ESA detector is active, then it
is determined whether a grace period of an existing reference blood glucose
measurement request has expired (904). If it is determined that the grace period of
the existing reference blood glucose measurement request has expired, then the
display or reporting module associated with the output of the analyte sensor data is
disabled, suspended, deactivated or otherwise blanked such that no real time
glucose information is provided to the user (910). If it is determined however, that
the grace period of the existing reference blood glucose measurement request has
not expired, then the ESA categorization module output from the ESA
categorization module (620) is retrieved (905).

[0142] Referring again to FIG. 9, it is thereafter determined whether the ESA
categorization result or output exists (906). If not, then the output or reporting of
the real time glucose information proceeds and the user is provided with the
glucose level data (914), and thereafter waits to receive the next analyte signal
associated with the next timestep (918). On the other hand, if the ESA
categorization result exists (906), then it is determined whether the ESA
categorization is associated with the current analyte signal (associated with the
current timestep, for example) (907). If it is not associated with the current analyte
signal, then the routine proceeds to displaying or outputting the monitored analyte
level to the user (914), and waits to receive the next analyte signal associated with
the next timestep (918).

[0143] However, if it is determined that the ESA categorization is associated with
the current timestep (907), then it is determined whether the ESA condition
categorization is associated with level 2 category indicating a likely ESA condition

for the sensor. If it is determined that the ESA condition categorization is
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associated with level 2 category, then a timer (T _Confirm timer) is started (909)
and the reporting or output of the glucose data is disabled (910). If it is determined
however, that the ESA condition category is not associated with level 2, then it is
determined whether the categorized ESA condition is level 1 (911). If it is
determined to be level 1 indicating a possible ESA condition, then a request for a
blood glucose measurement is scheduled for a predetermined time period
(T_Cal_U) with a nonzero grace period (912), and the real time glucose
information is displayed or output to the user (914).

[0144] Referring back to Fig. 9, if it is determined that the ESA condition is not
associated with a level 1 category (911), then the calibration for the analyte sensor
is updated (913), and the monitored glucose level is displayed or output to the user
(914), and the routine waits to receive the next analyte sensor signal (918).
Referring still back to FIG. 9, after the display or output of the glucose value is
disabled or blanked (910), it is determined whether the T Confirm timer was
started and the timer expired (915). If it has not expired, the routine waits to
receive the next analyte signal (918). If, however, it is determined that the timer
(T_Confirm) has lapsed (915), then it is determined whether the characteristics of
the sensor is suitable, for example, for calibration (916). If it is determined that the
sensor condition is not suitable (916), then the routine waits to receive the next
analyte sensor signal (918). On the other hand, if it is determined that the sensor
condition is stable (916), then a reference blood glucose measurement is requested
with a zero grace period (917).

[0145] In the manner described above, in accordance with the various embodiments
of the present disclosure, method, apparatus and system for providing effective
analyte sensor calibration management are described that monitor the early
attenuation of sensor signals and processes the monitored signals to maximize the
sensor data yield by providing as much of the useful and accurate monitored
glucose level information to the user. In conjunction with the earlier signal
attenuation management, the analyte sensor calibration management in accordance
with embodiments of the present disclosure provide for effective analyte sensor
calibration techniques including outlier detection and management during
calibration, and in particular, in determining the composite sensitivity value at the

scheduled calibration time periods for sensor calibration.
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[0146] FIG. 10 is a flowchart illustrating an outlier data point verification in
calibration management routine in accordance with another embodiment of the
present disclosure. In certain embodiments, prior to the determination of composite
sensitivity value in conjunction with the sensor calibration routine, in one aspect,
sensor ESA condition analysis may be performed as described above. Thereafter,
calibration routines in certain embodiments include determining composite
sensitivity value to calibrate the analyte sensor. During the composite sensitivity
determination, one or more outlier data points (for example, outlier sensitivity
values based on the ratio of the reference measurement received compared to the
sensor signal value), if present, may be identified to be unsuitable for use in the
calibration routine.

[0147] More specifically, referring to FIG. 10, during the sensor calibration routine,
a determination is made as to whether a first calibration event for the sensor has
occurred (1010). If the first calibration event of the analyte sensor has not yet
occurred, the first calibration routine is implemented as part of which, composite
sensitivity is determined based on received reference measurement (e.g., from an
in vitro test using a blood glucose meter) and the contemporancously obtained
analyte sensor data, resulting in the "immediate sensitivity" S;(k) (1015) which is
then applied to the sensor signals to calibrate the sensor.

[0148] If the current calibration is not the first calibration, i.c., a second or
subsequent calibration attempt, two successive sensitivities (e.g., successive in
time) associated with two successive calibration events for the analyte sensor are
compared, ¢.g., the immediate sensitivity S;(k) (from the current calibration
attempt) and the previous sensitivity Si(k-/) (from the calibration attempt before
the current calibration attempt) (1030). If it is determined that the comparison
between the two sensitivities are within a predetermined range (1040), the
composite sensitivity for the current calibration of the analyte sensor is determined
based on the two successive sensitivity values (1045), using, for example, a
weighted approach.

[0149] Referring still to FIG. 10, if it is determined that the comparison of the two
successive sensitivities results in the compared value being outside of the
predetermined range (1040), then it is determined whether a sensitivity from the

last successful calibration, e.g., Si(m), is available (1050). If a sensitivity from the
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last successful calibration S;(m) is not available, then the user may be prompted to
enter or provide a new current blood glucose value (for example, using a blood
glucose meter) (1060). Based on the new blood glucose value received, an updated
or new sensitivity associated with the analyte sensor is determined (1070).

[0150] Referring back to FIG. 10, if the sensitivity from the last successful
calibration S;(m) is available, the immediate sensitivity S;(k) is compared with the
composite sensitivity from the previous calibration S, (1080). If it is determined
that the comparison between the two sensitivities are not within the predetermined
range, then the user may be prompted to provide a new reference measurement
value by performing, for example, a fingerstick test using an in vitro blood glucose
meter (1060), and a new sensitivity is determined based on the received new
reference measurement value (1070) and the routine returns to the beginning.

[0151] On the other hand, if it is determined that the comparison between the two
sensitivities (for example, the immediate sensitivity S;(k) compared with the
composite sensitivity from the previous calibration S, (1080)) is within a
predetermined range (1090), the composite sensitivity for the current calibration of
the analyte sensor is determined based on the immediate sensitivity S;(k) and the
sensitivity from the last successful calibration S;(m) (1095), using, for example, a
weighted approach.

[0152] In an example of operation, the first calibration attempt results in a
successful first calibration. Subsequently, the next two calibration attempts fail the
outlier check (1030-1040, 1090-1095). During a subsequent, ¢.g., third, calibration
attempt, the immediate sensitivity S;(k) fails when compared against S;(k-/) again.
In accordance with an embodiment of FIG. 10, instead of comparing this third
calibration attempt against the first of three attempts S;(k-2), the source of
comparison for the third calibration attempt is the last successful calibration
attempt S;(m). Embodiments of the present disclosure includes the comparison of
the sensitivities to determine or detect outlier values by comparing with previously
available sensitivity values, or with previous sensitivity values associated with
successful calibration, or with available sensitivity values regardless of whether
such sensitivity value is associated with a successful calibration event.

Furthermore, the calibration routines may be implemented based on a calibration
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schedule may be measured or determined from the initial sensor insertion, or
alternatively, measured or determined relative to prior successful calibration event.

[0153] In the manner provided, embodiments of the present disclosure provide
analyte sensor calibration management to effectively detect and correct for early
signal attenuation conditions, and further, detect and manage outlier values during
the calibration routines to provide for accurate and robust sensor based analyte

monitoring system.

Results from Preliminary Studies

[0154] A preliminary study, was conducted with 48 sensor insertions in normal
(N=10), TIDM (N=1) and T2DM (N=2) subjects using finger stick glucose
measurements as a reference. Little deterioration of the results was observed when
comparing the mean absolute relative difference (MARD) for the first 10 hours
compared to the remaining 10 to 24 hours of day one of sensor use: 13.8% (12.8 —
14.9 95% CI) versus 12.6% (11.6 — 13.6 95% CI) respectively. During the first
ten hours 7.5 hours & 2.2 hours (average = SD) of glucose data would be available
to the user substantially maximizing available data yield providing reportable
glucose information shortly after the sensor insertion/

[0155] A second preliminary study included evaluation of the performance of the
system described above which included two locations each with 47 subjects (aged
19-66) who wore 2 sensors (abdomen/arm). Continuous glucose readings were
collected at one minute intervals from 1 hour after sensor insertion. Venous blood
glucose measurements were obtained using a standard laboratory reference (Y SI
2300) every 15 minutes for 26 hours across two in-clinic visits during the 5 day
sensor wear. Capillary BG measurements were taken by each subject (on average
20 per day) on a separate blood glucose meter.

[0156] The mean and median absolute relative difference between the sensor system
and YSI was 14.5% and 10.7% respectively. Moreover, continuous Glucose-Error
Grid Analysis combining rate and point information gave 93.9% accurate readings
and an additional 3.2% benign errors.

[0157] Traditional Clarke Error Grid (CEG) Zone A performance was 77.1%
(6229/8084). This included periods of hypoglycemia and high rates of change of
blood glucose during IV insulin challenges. When the rate of change of blood



WO 2010/121229 PCT/US2010/031525
-40-
glucose was within +1 mg/dL/min, the Zone A performance was 82.0%
(4672/5699). Performance remained constant over all five days, with 80.7% of data
in Zone A on day 1 and 74.1% in Zone A on day 5 (p=0.4503). Furthermore,
Clarke Error Grid Zone A performance compared to capillary blood glucose
measurement was 81.2% (3337/4108).

[0158] Hypoglycemic events at 70 mg/dL (n=119) were detected by threshold or
projected alarm (30 minute setting) 91.6% of the time. Hyperglycemic events at
240 mg/dL (n=144) were detected by threshold or projected alarm 97.2% of the
time. The threshold or projected alarm false alarm rate was 25.2% at 70 mg/dL and
21.2% at 240 mg/dL.

[0159] Based on the foregoing, the results from the second preliminary study
demonstrate good performance of the FreeStyle Navigator® Continuous Glucose
Monitoring System with data displayed from approximately one hour after sensor
insertion over five days of sensor wear.

[0160] In the manner described above, in accordance with the various embodiments
of the present disclosure, the analyte sensor calibration management minimizes the
presentation of erroncous analyte sensor results due to ESA conditions, while
maximizing reportable analyte sensor data for sensors that do not exhibit the ESA
signal characteristic. Accordingly, in aspects of the present disclosure, the
calibration management algorithm applies to any subcutancously positioned
analyte sensor which may exhibit ESA signal characteristics, and enables the
management of calibration during periods when the analyte sensor sensitivity may
deviate from the actual sensor sensitivity.

[0161] Accordingly, a method in one aspect includes monitoring for a signal level
below a predetermined threshold associated with analyte level from an analyte
sensor during a predefined time period, and reporting analyte level associated with
the analyte sensor when the signal level monitored is not detected during the
predefined time period.

[0162] The predefined time period may include less than approximately one hour.

[0163] In another aspect, the method may include receiving a blood glucose
measurement, and calibrating the analyte sensor based on the received blood

glucose measurement.
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[0164] Further, the predetermined threshold may be associated with one or more of
an impending hypoglycemic state, or a predefined signal attenuation level.

[0165] Also, reporting the analyte level may include one or more of storing the
analyte level, confirming the analyte level, or outputting the analyte level.

[0166] The various processes described above including the processes performed by
the data processing unit 102, receiver unit 104/106 or the data processing
terminal/infusion section 105 (FIG. 1) in the software application execution
environment in the analyte monitoring system 100 including the processes and
routines described in conjunction with FIGS. 6-9, may be embodied as computer
programs developed using an object oriented language that allows the modeling of
complex systems with modular objects to create abstractions that are representative
of real world, physical objects and their interrelationships. The software required
to carry out the inventive process, which may be stored in the memory or storage
device (not shown) of the data processing unit 102, receiver unit 104/106 or the
data processing terminal/infusion section 105, may be developed by a person of

ordinary skill in the art and may include one or more computer program products.

[0167] One embodiment of the present disclosure may include positioning an
analyte sensor in fluid contact with an analyte, detecting an attenuation in a signal
from an analyte sensor after positioning during a predetermined time period,
categorizing the detected attenuation in the analyte sensor signal based, at least in
part, on one or more characteristics of the signal, and performing signal processing
to generate a reportable data associated with the detected analyte sensor signal
during the predetermined time period.

[0168] The signal from the analyte sensor may be associated with a monitored
analyte level.

[0169] The detected attenuation in the signal from the analyte sensor may be
associated with an early signal attenuation condition.

[0170] The predetermined time period may not exceed approximately 24 hours.

[0171] Categorizing the detected analyte sensor signal attenuation may be based at

least in part on a predetermined plurality of signal attenuation conditions.
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[0172] In one aspect, the plurality of signal attenuation conditions may include a
reportable signal condition, a conditional reportable signal condition, and an
unreportable signal condition.

[0173] Another aspect may include outputting data associated with the monitored
analyte level based on the detected analyte sensor signal when the detected analyte
sensor signal attenuation includes a reportable signal condition or a conditional
reportable signal condition.

[0174] Outputting data associated with the monitored analyte level may include
outputting data for a preset time period when the detected analyte sensor signal
attenuation includes the conditional reportable signal condition.

[0175] The preset time period may not exceed approximately two hours.

[0176] One aspect may include requesting a reference blood glucose measurement
during the preset time period.

[0177] Another aspect may include calibrating the analyte sensor signal based at
least in part on the reference blood glucose measurement received during the preset
time period.

[0178] Yet another aspect, may include disabling outputting of the data associated
with the monitored analyte level after the preset time period has elapsed.

[0179] Another embodiment, wherein performing signal processing may include
requesting a reference data, and determining a sensitivity value associated with the
analyte sensor based on the reference data.

[0180] The reference data may include an in vitro blood glucose measurement data.

[0181] One aspect may include calibrating the analyte sensor based at least in part
on the determined sensitivity value.

[0182] A further embodiment of the present disclosure includes monitoring for a
signal level below a predetermined threshold associated with analyte level from an
analyte sensor during a predefined time period, and reporting analyte level
associated with the analyte sensor when the signal level monitored is not detected
during the predefined time period.

[0183] The predefined time period may be less than approximately one hour.

[0184] Another aspect may include receiving a blood glucose measurement, and

calibrating the analyte sensor based on the received blood glucose measurement.
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[0185] The predetermined threshold may be associated with one or more of an
impending hypoglycemic state, or a predefined signal attenuation level.

[0186] Reporting the analyte level may include one or more of storing the analyte
level, confirming the analyte level, or outputting the analyte level.

[0187] Yet still another aspect of the present disclosure includes inserting at least a
portion of a glucose sensor beneath a skin surface of an individual, analyzing
glucose-related signal from the sensor to determine sensor stability, and reporting
glucose related information to the individual only when it is determined that the
sensor is stable, wherein the glucose related information is not reported prior to
determination that the sensor is stable.

[0188] Sensor stability may be determined using reference data.

[0189] Reference data may comprise sampling blood of the individual.

[0190] Reference data may be obtained from a glucose test strip.

[0191] One aspect may include analyzing the sensor signal to determine whether
there exists a decrease in sensor signal.

[0192] The analyte sensor may report the glucose related information in about one
hour following the insertion.

[0193] An apparatus in accordance with still another aspect may include a data
communication interface, one or more processors operatively coupled to the data
communication interface, and a memory for storing instructions which, when
executed by the one or more processors, causes the one or more processors to
position an analyte sensor in fluid contact with an analyte, detect an attenuation in
a signal from an analyte sensor after positioning during a predetermined time
period, categorize the detected attenuation in the analyte sensor signal based, at
least in part, on one or more characteristics of the signal, and perform signal
processing to generate a reportable data associated with the detected analyte sensor
signal during the predetermined time period.

[0194] The signal from the analyte sensor may be associated with a monitored
analyte level.

[0195] The detected attenuation in the signal from the analyte sensor may be
associated with an early signal attenuation condition.

[0196] The predetermined time period may not exceed approximately 24 hours.
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[0197] In one aspect, the memory for storing instructions which, when executed by
the one or more processors, may cause the one or more processors to categorize the
detected analyte sensor signal attenuation based at least in part on a predetermined
plurality of signal attenuation conditions.

[0198] The plurality of signal attenuation conditions may include a reportable signal
condition, a conditional reportable signal condition, and an unreportable signal
condition.

[0199] In another aspect, the memory for storing instructions which, when executed
by the one or more processors, may cause the one or more processors to output
data associated with the monitored analyte level based on the detected analyte
sensor signal when the detected analyte sensor signal attenuation includes a
reportable signal condition or a conditional reportable signal condition.

[0200] In yet another aspect, the memory for storing instructions which, when
executed by the one or more processors, may cause the one or more processors to
output data for a preset time period when the detected analyte sensor signal
attenuation includes the conditional reportable signal condition.

[0201] Furthermore, the preset time period may not exceed approximately two
hours.

[0202] Moreover, the memory for storing instructions which, when executed by the
One or more processors, may cause the one or more processors to request a
reference blood glucose measurement during the preset time period.

[0203] Further, the memory for storing instructions which, when executed by the
one or more processors, may cause the one or more processors to calibrate the
analyte sensor signal based at least in part on the reference blood glucose
measurement received during the preset time period.

[0204] Moreover, the memory for storing instructions which, when executed by the
one or more processors, may cause the one or more processors to disable the
outputting of the data associated with the monitored analyte level after the preset
time period has elapsed.

[0205] In another aspect, the memory for storing instructions which, when executed
by the one or more processors, may cause the one or more processors to request a
reference data, and determine a sensitivity value associated with the analyte sensor

based on the reference data.
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[0206] Reference data may include an in vitro blood glucose measurement data.

[0207] Further, the memory for storing instructions which, when executed by the
one or more processors, may cause the one or more processors to calibrate the
analyte sensor based at least in part on the determined sensitivity value.

[0208] Moreover, in still another aspect, there is provided one or more storage
devices having processor readable code embodied thereon, said processor readable
code for programming one or more processors to estimate an analyte level may
comprise, positioning an analyte sensor in fluid contact with an analyte, detecting
an attenuation in a signal from an analyte sensor after positioning during a
predetermined time period, categorizing the detected attenuation in the analyte
sensor signal based, at least in part, on one or more characteristics of the signal,
and performing signal processing to generate a reportable data associated with the
detected analyte sensor signal during the predetermined time period.

[0209] In one aspect of the present disclosure, a method for calibrating an analyte
sensor includes determining a sensitivity value associated with an analyte sensor;
retrieving a prior sensitivity value associated with the analyte sensor; determining
whether a variance between the determined sensitivity value and the retrieved prior
sensitivity value is within a predetermined sensitivity range; determining a
composite sensitivity value based on the determined sensitivity value and the
retrieved prior sensitivity value; and assigning a successful calibration sensitivity
value based on the retrieved prior sensitivity value when the variance is within the
predetermined sensitivity range.

[0210] A further embodiment includes determining a second sensitivity value
associated with the analyte sensor after determining a composite sensitivity value;
determining whether a second variance between the second determined sensitivity
value and the composite sensitivity value is within a predetermined sensitivity
range; and determining a second composite sensitivity value based on the second
determined sensitivity value and the successful calibration sensitivity value when
the second variance is within the predetermined sensitivity range.

[0211] Yet a further embodiment includes requesting a blood glucose value when
the variance is outside the predetermined sensitivity range and a successful

calibration sensitivity value has not been assigned.
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[0212] In one embodiment, requesting a blood glucose value includes prompting a
user to input a blood glucose information.

[0213] In another embodiment, the two sensitivity values are determined
sequentially.

[0214] In yet another embodiment, the determined composite sensitivity includes a
weighted average of the determined sensitivity value and the retrieved sensitivity
value.

[0215] In certain embodiments, the analyte sensor is a glucose sensor.

[0216] In another aspect, an apparatus includes a processing unit; and a memory
operatively coupled to the processing unit, the memory storing instructions which,
when executed by the processing unit, causes the processing unit to determine a
sensitivity value associated with an analyte sensor; retrieve a prior sensitivity value
associated with the analyte sensor; determine whether a variance between the
determined sensitivity value and the retrieved prior sensitivity value is within a
predetermined sensitivity range; determine a composite sensitivity value based on
the determined sensitivity value and the retrieved prior sensitivity value; and assign
a successful calibration sensitivity value based on the retrieved prior sensitivity
value when the variance is within the predetermined sensitivity range.

[0217] In yet another aspect, an analyte monitoring system includes a
transcutaneously positionable analyte sensor for monitoring an analyte level; an
analyte monitoring device operatively coupled to the analyte sensor for receiving
signals from the analyte sensor associated with the monitored analyte level; and a
data processing unit coupled to the analyte monitoring device, the data processing
unit configured to determine a sensitivity value associated with an analyte sensor;
retrieve a prior sensitivity value associated with the analyte sensor; determine
whether a variance between the determined sensitivity value and the retrieved prior
sensitivity value is within a predetermined sensitivity range; determine a composite
sensitivity value based on the determined sensitivity value and the retrieved prior
sensitivity value; and assign a successful calibration sensitivity value based on the
retrieved prior sensitivity value when the variance is within the predetermined
sensitivity range.

[0218] Various other modifications and alterations in the structure and method of

operation of this disclosure will be apparent to those skilled in the art without
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departing from the scope and spirit of the embodiments of the present disclosure.
Although the present disclosure has been described in connection with particular
embodiments, it should be understood that the present disclosure as claimed should
not be unduly limited to such particular embodiments. It is intended that the
following claims define the scope of the present disclosure and that structures and

methods within the scope of these claims and their equivalents be covered thereby.
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WHAT IS CLAIMED I8S:

1. A method for calibrating an analyte sensor, comprising:
determining a sensitivity value associated with an analyte sensor;
retrieving a prior sensitivity value associated with the analyte sensor;
determining whether a variance between the determined sensitivity value and
the retrieved prior sensitivity value is within a predetermined sensitivity range;
determining a composite sensitivity value based on the determined sensitivity
value and the retrieved prior sensitivity value; and
assigning a successful calibration sensitivity value based on the retrieved prior

sensitivity value when the variance is within the predetermined sensitivity range.

2. The method as recited in claim 1, further comprising:

determining a second sensitivity value associated with the analyte sensor after
determining a composite sensitivity value;

determining whether a second variance between the second determined
sensitivity value and the composite sensitivity value is within a predetermined
sensitivity range; and

determining a second composite sensitivity value based on the second
determined sensitivity value and the successful calibration sensitivity value when the

second variance is within the predetermined sensitivity range.

3. The method as recited in claim 1, further comprising:
requesting a blood glucose value when the variance is outside the
predetermined sensitivity range and a successful calibration sensitivity value has not

been assigned.

4. The method of claim 3 wherein requesting a blood glucose value includes

prompting a user to input a blood glucose information.

5. The method of claim 1 wherein the two sensitivity values are determined

sequentially.
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6. The method of claim 1 wherein the determined composite sensitivity includes

a weighted average of the determined sensitivity value and the retrieved sensitivity

value.
7. The method of claim 1, wherein the analyte sensor is a glucose sensor.
8. An apparatus, comprising:

a processing unit; and
a memory operatively coupled to the processing unit, the memory storing
instructions which, when executed by the processing unit, causes the processing unit
to:
determine a sensitivity value associated with an analyte sensor;
retrieve a prior sensitivity value associated with the analyte sensor;
determine whether a variance between the determined sensitivity value
and the retrieved prior sensitivity value is within a predetermined sensitivity
range;
determine a composite sensitivity value based on the determined
sensitivity value and the retrieved prior sensitivity value; and
assign a successful calibration sensitivity value based on the retrieved
prior sensitivity value when the variance is within the predetermined

sensitivity range.

9. The apparatus of claim 8, wherein the memory further includes instructions
which, when executed by the processing unit, causes the processing unit to:

determine a second sensitivity value associated with the analyte sensor after
determining a composite sensitivity value;

determine whether a second variance between the second determined
sensitivity value and the composite sensitivity value is within a predetermined
sensitivity range; and

determine a second composite sensitivity value based on the second
determined sensitivity value and the successful calibration sensitivity value when the

second variance is within the predetermined sensitivity range.
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10.  The apparatus of claim 8, wherein the memory further includes instructions
which, when executed by the processing unit, causes the processing unit to request a
blood glucose value when the variance is outside the predetermined sensitivity range

and a successful calibration sensitivity value has not been assigned.

11.  The apparatus of claim 10 wherein the memory further includes instructions
which, when executed by the processing unit, causes the processing unit to prompt a

user to input a blood glucose information.

12.  The apparatus of claim 8 wherein the two sensitivity values are determined
sequentially.
13.  The apparatus of claim 8 wherein the memory further includes instructions

which, when executed by the processing unit, causes the processing unit to determine

a weighted average of the determined sensitivity value and the retrieved sensitivity

value.
14.  The apparatus of claim 8, wherein the analyte sensor is a glucose sensor.
15.  An analyte monitoring system, comprising:

a transcutaneously positionable analyte sensor for monitoring an analyte level,;
an analyte monitoring device operatively coupled to the analyte sensor for
receiving signals from the analyte sensor associated with the monitored analyte level;
and
a data processing unit coupled to the analyte monitoring device, the data
processing unit configured to:
determine a sensitivity value associated with an analyte sensor;
retrieve a prior sensitivity value associated with the analyte sensor;
determine whether a variance between the determined sensitivity value
and the retrieved prior sensitivity value is within a predetermined sensitivity
range;
determine a composite sensitivity value based on the determined

sensitivity value and the retrieved prior sensitivity value; and
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assign a successful calibration sensitivity value based on the retrieved
prior sensitivity value when the variance is within the predetermined

sensitivity range.

16.  The system of claim 15, wherein the data processing unit is further configured
to:

determine a second sensitivity value associated with the analyte sensor after
determining a composite sensitivity value;

determine whether a second variance between the second determined
sensitivity value and the composite sensitivity value is within a predetermined
sensitivity range; and

determine a second composite sensitivity value based on the second
determined sensitivity value and the successful calibration sensitivity value when the

second variance is within the predetermined sensitivity range.

17.  The system of claim 15, wherein the data processing unit is further configured
to request a blood glucose value when the variance is outside the predetermined

sensitivity range and a successful calibration sensitivity value has not been assigned.

18.  The system of claim 15 wherein the data processing unit is further configured

to prompt a user to input a blood glucose information.

19.  The system of claim 15 wherein the processing unit is further configured to

determine two sensitivity values sequentially.

20.  The system of claim 15 wherein the processing unit is further configured to
determine a weighted average of the determined sensitivity value and the retrieved

sensitivity value.

21.  The system of claim 15, wherein the analyte sensor is a glucose sensor and the

monitored analyte level is a glucose level.
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