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ABSTRACT

In one aspect, there is provided assembling an analyte sensor
with an analyte sensor insertion device, packaging the
assembled analyte sensor and sensor insertion device in a
substantially airtight seal, and irradiating the packaged
assembled analyte sensor and sensor insertion device at a
predetermined dose using one or more electron beam accel-
erators.
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METHOD AND SYSTEM FOR STERILIZING
AN ANALYTE SENSOR

RELATED APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 13/595,673 filed Aug. 27, 2012,
now U.S. Pat. No. 8,802,006, which is a continuation of U.S.
patent application Ser. No. 12/422,223 filed Apr. 10, 2009,
now U.S. Pat. No. 8,252,229, entitled “Method and System
for Sterilizing an Analyte Sensor”, which claims priority
under 35 U.S.C. §119(e) to U.S. provisional application No.
61/044,017 filed Apr. 10, 2008 entitled “Method and System
for Sterilizing an Analyte Sensor,” and assigned to the
assignee of the present application, 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 ana-
lytes, such as lactate, oxygen or the like, in certain individuals
is vitally important to their health. For example, the monitor-
ing 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, in the subcutaneous
or dermal tissue of a user.

[0004] Itis important for devices that are to be implanted in
the body or positioned below a skin surface of a user, such as
in a blood vessel or subcutaneous tissue, to be sterile upon
insertion into the user. Sterilization is any number of pro-
cesses that effectively eliminate or kill transmissible agents,
such as bacteria, fungi, and viruses, that may be located on a
non-sterile device. These transmittable agents, if not elimi-
nated from the device, may be substantially detrimental to the
health and safety of the user.

[0005] Existing techniques for sterilization of medical
devices, kits or components generally meet several chal-
lenges. Whether the sterilization includes the use of chemi-
cals or irradiation of light beams, in order to attain the desired
sterility assurance level (SAL), there are considerations that
must be accounted for. For example, when a target device or
component for sterilization includes different materials hav-
ing different properties such as metal, plastic, biologics,
chemistries, including any combination thereof, the chal-
lenges of sterilization can be significant. In addition, when a
target device or component is already packaged prior to ster-
ilization, the material comprising the packaging as well as its
properties, such as porosity, needs to be considered, further
increasing the sterilization challenges.

SUMMARY

[0006] In view of the foregoing, provided in accordance
with the embodiments of the present disclosure are methods
and systems for the sterilization of medical devices, including
devices for the continuous or automatic monitoring of ana-
lytes, such as glucose, in bodily fluid. In one aspect, there is
provided assembling an analyte sensor with an analyte sensor
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insertion device, packaging the assembled analyte sensor and
sensor insertion device in a container which may optionally
include a substantially airtight seal, and irradiating the pack-
aged assembled analyte sensor and sensor insertion device at
a dose effective to sterilize the package.

[0007] In one aspect, the electron beam sterilization of an
assembled and packaged analyte sensor and sensor insertion
device results in a relatively long term shelf life (for example,
approximately 18 months), with controllable moisture con-
tent within the packaging, while not adversely impacting the
materials of the assembled and packaged sensor and insertion
device, for example, including the adhesive component of the
device as well as of the packaging.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows a block diagram of an embodiment of
a data monitoring and management system according to the
present disclosure;

[0009] FIG. 2 shows a block diagram of an embodiment of
the data processing unit of the data monitoring and manage-
ment system of FIG. 1;

[0010] FIG. 3 shows a block diagram of an embodiment of
a receiver/monitor unit of the data monitoring and manage-
ment system of FIG. 1;

[0011] FIG. 4 shows a schematic diagram of an embodi-
ment of an analyte sensor according to the present disclosure;
[0012] FIGS. 5A-5B show a perspective view and a cross
sectional view, respectively of an embodiment the analyte
sensor of FIG. 4;

[0013] FIG. 6 illustrates an example of a sensor insertion
unit, or sensor delivery unit, used in one or more embodi-
ments of the present disclosure;

[0014] FIGS. 7A and 7B are representations of two meth-
ods of electron beam irradiation sterilization;

[0015] FIGS. 8A and 8B are representations of two systems
for electron beam irradiation sterilization;

[0016] FIG. 9 is a flow chart illustrating analyte sensor
delivery unit packaging for transport to a facility for electron
beam irradiation sterilization;

[0017] FIG. 10 is a flow diagram illustrating a system for
sterilizing an analyte sensor and analyte sensor delivery unit;
[0018] FIG. 11 is a flow chart illustrating an ethylene oxide
based sterilization process in one aspect of the present dis-
closure;

[0019] FIG. 12 is a flow chart illustrating a vaporized
hydrogen peroxide based sterilization process in one aspect
of the present disclosure;

[0020] FIG. 13 is a flow chart illustrating a nitrogen dioxide
based sterilization process in one aspect of the present dis-
closure; and

[0021] FIG. 14 is a flow chart illustrating a method of
providing a protective component for a device in one aspect of
the present disclosure.

DETAILED DESCRIPTION

[0022] Before the present disclosure is described, it is to be
understood that this invention 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.
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[0023] Where arange 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 invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges
as also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges exclud-
ing either or both of those included limits are also included in
the invention.

[0024] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials simi-
lar 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 con-
nection with which the publications are cited.

[0025] 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.

[0026] 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 invention. Further, the dates of
publication provided may be different from the actual publi-
cation dates which may need to be independently confirmed.
[0027] As will be apparent to those of skill in the art upon
reading this disclosure, each 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.

[0028] The figures shown herein are not necessarily drawn
to scale, with some components and features being exagger-
ated for clarity.

[0029] Generally, embodiments of the present disclosure
relate to methods and devices for detecting at least one ana-
lyte 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.

[0030] Accordingly, embodiments include analyte moni-
toring 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 detection, of an analyte, such as glucose,
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, subcutaneously 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 peri-
odic monitoring will be used interchangeably, unless noted
otherwise. The analyte level may be correlated and/or con-
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verted 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, in 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 invention
may be configured for monitoring the level of the analyte over
a time period which may range from minutes, hours, days,
weeks, or longer.

[0031] Ofinterest are analyte sensors, such as glucose sen-
sors, that are capable of in vivo detection of an analyte for
about one hour or more, e.g., about a few hours or more, e.g.,
about a few days of more, e.g., about three or more days, e.g.,
about five days or more, e.g., about seven 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 pre-
dicted 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.

[0032] FIG. 1 shows a data monitoring and management
system such as, for example, an analyte (e.g., glucose) moni-
toring system 100 in accordance with certain embodiments.
Embodiments of the subject invention 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 invention. It is to be understood that the analyte
monitoring system may be configured to monitor a variety of
analytes at the same time or at different times.

[0033] Analytes that may be monitored include, but are not
limited to, acetyl choline, amylase, bilirubin, cholesterol,
chorionic gonadotropin, creatine kinase (e.g., CK-MB), cre-
atine, DNA, fructosamine, glucose, glutamine, growth hor-
mones, hormones, ketones, lactate, peroxide, prostate-spe-
cific 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 moni-
tored at the same or different times.

[0034] The analyte monitoring system 100 includes a sen-
sor 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 commu-
nication 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 pro-
cess 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 sec-
ondary receiver unit 106.

[0035] Also shown in FIG. 1 is an optional secondary
receiver unit 106 which is operatively coupled to the commu-
nication link and configured to receive data transmitted from
the data processing unit 102. The secondary receiver unit 106
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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-direc-
tional 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 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 com-
munication device.

[0036] 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. How-
ever, 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 embodi-
ments, analyte information obtained by a first positioned
sensor may be employed as a comparison to analyte informa-
tion 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 deci-
sions. In certain embodiments, a first sensor may be used to
calibrate a second sensor.

[0037] The analyte monitoring system 100 may be a con-
tinuous 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.

[0038] Incertain 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 pro-
cessing unit 102 is coupleable to the sensor 101 so that both
devices are positioned in or on the user’s body, with at least a
portion of the analyte sensor 101 positioned transcutane-
ously. The data processing unit 102 performs data processing
functions, where such functions may include but are not lim-
ited to, filtering and encoding of data signals, each of which
corresponds to a sampled analyte level of the user, for trans-
mission to the primary receiver unit 104 via the communica-
tion 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.
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[0039] In one aspect, the primary receiver unit 104 may
include an analog interface section including an RF receiver
and an antenna that is configured to communicate with the
data processing unit 102 via the communication link 103, data
processing unit 102 and a data processing section for process-
ing 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.

[0040] Inoperation, the primary receiver unit 104 in certain
embodiments is configured to synchronize with the data pro-
cessing 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.

[0041] Referring again to FIG. 1, the data processing ter-
minal 105 may include a personal computer, a portable com-
puter 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 termi-
nal 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.
[0042] 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 pri-
mary receiver unit 104 for receiving, among others, the mea-
sured analyte level. Alternatively, the primary receiver unit
104 may be configured to integrate an infusion device therein
so that the primary receiver unit 104 is configured to admin-
ister insulin (or other appropriate drug) therapy to patients,
for example, for administering and modifying basal profiles,
as well as for determining appropriate boluses for adminis-
tration 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).

[0043] In particular embodiments, the data processing ter-
minal 105, which may include an insulin pump, may be
configured to receive the analyte signals from the data pro-
cessing unit 102, and thus, incorporate the functions of the
primary receiver unit 104 including data processing for man-
aging 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 proto-
col, an infrared communication protocol, a Bluetooth®
enabled communication protocol, an 802.11x wireless com-
munication protocol, or an equivalent wireless communica-
tion protocol which would allow secure, wireless communi-
cation of several units (for example, per HIPAA
requirements) while avoiding potential data collision and
interference.

[0044] FIG. 2is ablock 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),
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a user input 202, and a temperature detection section 203,
each of which is operatively coupled to a processor 204 such
as a central processing unit (CPU). The data processing unit
may include user input and/or interface components or may
be free of user input and/or interface components.

[0045] Further shown in FIG. 2 are serial communication
section 205 and an RF transmitter or transceiver 206, each of
which is also operatively coupled to the processor 204. In one
embodiment, the serial communication section 205 is in
direct communication with the analog interface 201 via com-
munication link 209, which may be configured for bi-direc-
tional communication. 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 may be provided to, among others, supply real time
information to the transmitter processor 204.

[0046] 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, each 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, car-
bon (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 sili-
con), silver, tantalum, tin, titanium, tungsten, uranium, vana-
dium, zinc, zirconium, mixtures thereof, and alloys, oxides,
or metallic compounds of these elements.

[0047] 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 bat-
tery.

[0048] 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 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.

[0049] 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
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a separate power supply recharging unit (for example, pro-
vided 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.

[0050] Referring yet again to FIG. 2, a temperature detec-
tion section 203 of the data processing unit 102 is configured
to monitor the temperature of the skin near the sensor inser-
tion 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
contact (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 is corrupt or whether the measured data
from the sensor 101 is accurate. Such detection may trigger a
notification to the user.

[0051] FIG. 3 is a block diagram of a receiver/monitor unit
such as the primary receiver unit 104 of the data monitoring
and management system shown in FI1G. 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 processing and storage section 307. More-
over, also shown are a receiver serial communication section
309, and an output 310, each operatively coupled to the pro-
cessing and storage unit 307. The receiver may include user
input and/or interface components or may be free of user
input and/or interface components.

[0052] 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 deci-
sions), etc.

[0053] 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
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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.

[0054] 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 embodi-
ments, includes a battery. Furthermore, the power conversion
and monitoring section 308 is configured to monitor the
power usage by the various 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 operat-
ing conditions. The serial communication section 309 in the
primary receiver unit 104 is configured to provide a bi-direc-
tional communication path from the testing and/or manufac-
turing equipment for, among others, initialization, testing,
and configuration of the primary receiver unit 104. Serial
communication section 309 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 pri-
mary receiver unit 104 is configured to provide, among oth-
ers, a graphical user interface (GUI), and may include a liquid
crystal display (LCD) for displaying information. Addition-
ally, 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.

[0055] Referring back to FIG. 3, the primary receiver unit
104 may also include a storage section such as a program-
mable, non-volatile memory device as part of the processing
and storage section 307, or provided separately in the primary
receiver unit 104, operatively coupled to a processor. The
processor may be configured to perform Manchester decod-
ing (or other protocol(s)) as well as error detection and cor-
rection upon the encoded data received from the data process-
ing unit 102 via the communication link 103.

[0056] In further embodiments, the data processing unit
102 and/or the primary receiver unit 104 and/or the secondary
receiver unit 106, and/or the data processing terminal/infu-
sion 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, key-
pad, voice commands, and the like) incorporated in the one or
more of the data processing unit 102, the primary receiver unit
104, secondary receiver unit 106, or the data processing ter-
minal/infusion section 105.

[0057] Additional detailed descriptions are provided in
U.S. Pat. Nos. 5,262,035, 5,264,104; 5,262,305; 5,320,715,
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5,593,852, 6,175,752 6,650,471, 6,746, 582, and in applica-
tion Ser. No. 10/745,878 filed Dec. 26, 2003, now U.S. Pat.
No. 7,811,231, entitled “Continuous Glucose Monitoring
System and Methods of Use”, each of which is incorporated
herein by reference.

[0058] 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 position-
able 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 con-
templated, e.g., fewer or greater electrodes, some or all elec-
trodes on different surfaces of the base or present on another
base, some or all electrodes stacked together, electrodes of
differing materials and dimensions, etc.

[0059] FIG. 5A shows a perspective view of an embodi-
ment 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 subcutaneous space 520, in contact
with the user’s biofluid such as interstitial fluid. Contact
portions of a working electrode 501, a reference electrode
502, and a counter electrode 503 are positioned on the portion
of the sensor 500 situated above the skin surface 510. Work-
ing 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. Itis to
be understood that greater or fewer electrodes may be pro-
vided 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.

[0060] FIG. 5B shows a cross sectional view of a portion of
the sensor 500 of FIG. 5A. The electrodes 501, 502 and 503,
of the sensor 500 as well as the substrate and the dielectric
layers are provided ina 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.

[0061] 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 dielec-
tric 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.



US 2014/0348703 Al

[0062] 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 con-
ducting 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 507 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).
[0063] The embodiment of FIGS. 5A and 5B shows the
layers having different lengths. Some or all of the layers may
have the same or different lengths and/or widths.

[0064] In certain embodiments, some or all of the elec-
trodes 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 on 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, e.g., a trace connecting the electrode and the contact may
traverse through the substrate.

[0065] 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 be 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 calibra-
tion of the sensor data received from the data processing unit
102.

[0066] 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 electrore-
duced 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 electrooxi-
dation or electroreduction of the analyte. Catalysts may also
beused forthose analytes, 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.

[0067] A variety of different sensing layer configurations
may be used. In certain embodiments, the sensing layer is
deposited on the conductive material of a 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.
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[0068] A sensing layer that is in direct contact with the
working electrode may contain an electron transfer agent to
transfer electrons directly or indirectly between the analyte
and the working electrode, and/or a catalyst to facilitate a
reaction of the analyte. For example, a glucose, lactate, or
oxygen electrode may be formed having a sensing layer
which contains a catalyst, such as glucose oxidase, lactate
oxidase, or laccase, respectively, and an electron transfer
agent that facilitates the electrooxidation of the glucose, lac-
tate, or oxygen, respectively.

[0069] In certain embodiments which include more than
one working electrode, one or more ofthe working electrodes
do not have a corresponding sensing layer, or have a sensing
layer which does not contain one or more components (e.g.,
an electron transfer agent and/or catalyst) needed to electro-
lyze the analyte. Thus, the signal at this working electrode
corresponds to background signal which may be removed
from the analyte signal obtained from one or more other
working electrodes that are associated with fully-functional
sensing layers by, for example, subtracting the signal.

[0070] In certain embodiments, the sensing layer includes
one or more electron transfer agents. Electron transtfer agents
that may be employed are electroreducible and electrooxidiz-
able ions or molecules having redox potentials that are a few
hundred millivolts above or below the redox potential of the
standard calomel electrode (SCE). The electron transfer agent
may be organic, organometallic, or inorganic. Examples of
organic redox species are quinones and species that in their
oxidized state have quinoid structures, such as Nile blue and
indophenol. Examples of organometallic redox species are
metallocenes such as ferrocene. Examples of inorganic redox
species are hexacyanoferrate (I1I), ruthenium hexamine etc.

[0071] In certain embodiments, electron transfer agents
have structures or charges which prevent or substantially
reduce the diffusional loss of the electron transfer agent dur-
ing the period of time that the sample is being analyzed. For
example, electron transfer agents include, but are not limited
to, aredox species, e.g., bound to a polymer which can in turn
be disposed on or near the working electrode. The bond
between the redox species and the polymer may be covalent,
coordinative, or ionic. Although any organic, organometallic,
or inorganic redox species may be bound to a polymer and
used as an electron transfer agent, in certain embodiments the
redox species is a transition metal compound or complex,
e.g., osmium, ruthenium, iron, and cobalt compounds or com-
plexes. It will be recognized that many redox species
described for use with a polymeric component may also be
used, without a polymeric component.

[0072] One type of polymeric electron transfer agent con-
tains a redox species covalently bound in a polymeric com-
position. An example of this type of mediator is poly(vinyl-
ferrocene). Another type of electron transfer agent contains
an ionically-bound redox species. This type of mediator may
include a charged polymer coupled to an oppositely charged
redox species. Examples of this type of mediator include a
negatively charged polymer coupled to a positively charged
redox species such as an osmium or ruthenium polypyridyl
cation. Another example of an ionically-bound mediator is a
positively charged polymer such as quaternized poly(4-vinyl
pyridine) or poly(1-vinyl imidazole) coupled to a negatively
charged redox species such as ferricyanide or ferrocyanide. In
other embodiments, electron transfer agents include a redox
species coordinatively bound to a polymer. For example, the
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mediator may be formed by coordination of an osmium or
cobalt 2,2'-bipyridyl complex to poly(1-vinyl imidazole) or
poly(4-vinyl pyridine).

[0073] Suitable electron transfer agents are osmium transi-
tion metal complexes with one or more ligands, each ligand
having a nitrogen-containing heterocycle such as 2,2'-bipyri-
dine, 1,10-phenanthroline, 1-methyl, 2-pyridyl biimidazole,
or derivatives thereof. The electron transfer agents may also
have one or more ligands covalently bound in a polymer, each
ligand having at least one nitrogen-containing heterocycle,
such as pyridine, imidazole, or derivatives thereof. The elec-
tron transfer agents may also have one or more ligands
covalently bound in a polymer, each ligand having at least one
nitrogen-containing heterocycle, such as pyridine, imidazole,
or derivatives thereof. One example of an electron transfer
agent includes (a) a polymer or copolymer having pyridine or
imidazole functional groups and (b) osmium cations com-
plexed with two ligands, each ligand containing 2,2'-bipyri-
dine, 1,10-phenanthroline, or derivatives thereof, the two
ligands not necessarily being the same. Some derivatives of
2,2'-bipyridine for complexation with the osmium cation
include but are not limited to 4,4'-dimethyl-2,2'-bipyridine
and mono-, di-, and polyalkoxy-2,2'-bipyridines, such as 4,4'-
dimethoxy-2,2'-bipyridine. Derivatives of 1,10-phenanthro-
line for complexation with the osmium cation include, but are
not limited to, 4,7-dimethyl-1,10-phenanthroline and mono,
di-, and polyalkoxy-1,10-phenanthrolines, such as 4,7-
dimethoxy-1,10-phenanthroline. Polymers for complexation
with the osmium cation include, but are not limited to, poly-
mers and copolymers of poly(1-vinyl imidazole) (referred to
as “PVI”) and poly(4-vinyl pyridine) (referred to as “PVP”).
Suitable copolymer substituents of poly(1-vinyl imidazole)
include acrylonitrile, acrylamide, and substituted or quater-
nized N-vinyl imidazole, e.g., electron transfer agents with
osmium complexed to a polymer or copolymer of poly(1-
vinyl imidazole).

[0074] Embodiments may employ electron transfer agents
having a redox potential ranging from about =200 mV to
about +200 mV versus the standard calomel electrode (SCE).
The sensing layer may also include a catalyst which is capable
of catalyzing a reaction of the analyte. The catalyst may also,
in some embodiments, act as an electron transfer agent. One
example of a suitable catalyst is an enzyme which catalyzes a
reaction of the analyte. For example, a catalyst, such as a
glucose oxidase, glucose dehydrogenase (e.g., pyrroloquino-
line quinone (PQQ) dependent glucose dehydrogenase, fla-
vine adenine dinucleotide (FAD) dependent glucose dehy-
drogenase, or nicotinamide adenine dinucleotide (NAD)
dependent glucose dehydrogenase), may be used when the
analyte of interest is glucose. A lactate oxidase or lactate
dehydrogenase may be used when the analyte of interest is
lactate. Laccase may be used when the analyte of interest is
oxygen or when oxygen is generated or consumed in response
to a reaction of the analyte.

[0075] In certain embodiments, a catalyst may be attached
to a polymer, cross linking the catalyst with another electron
transfer agent (which, as described above, may be poly-
meric). A second catalyst may also be used in certain embodi-
ments. This second catalyst may be used to catalyze a reaction
of a product compound resulting from the catalyzed reaction
of'the analyte. The second catalyst may operate with an elec-
tron transfer agent to electrolyze the product compound to
generate a signal at the working electrode. Alternatively, a
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second catalyst may be provided in an interferent-eliminating
layer to catalyze reactions that remove interferents.

[0076] Certain embodiments include a Wired Enzyme™
sensing layer that works at a gentle oxidizing potential, e.g.,
a potential of about +40 mV. This sensing layer uses an
osmium (Os) -based mediator designed for low potential
operation and is stably anchored in a polymeric layer. Accord-
ingly, in certain embodiments the sensing element is a redox
active component that includes (1) Osmium-based mediator
molecules attached by stable (bidente) ligands anchored to a
polymeric backbone, and (2) glucose oxidase enzyme mol-
ecules. These two constituents are crosslinked together.
[0077] A mass transport limiting layer (not shown), e.g., an
analyte flux modulating layer, may be included with the sen-
sor to act as a diffusion-limiting barrier to reduce the rate of
mass transport of the analyte, for example, glucose or lactate,
into the region around the working electrodes. The mass
transport limiting layers are useful in limiting the flux of an
analyte to a working electrode in an electrochemical sensor so
that the sensor is linearly responsive over a large range of
analyte concentrations and is easily calibrated. Mass trans-
port limiting layers may include polymers and may be bio-
compatible. A mass transport limiting layer may serve many
functions, e.g., functionalities of a biocompatible layer and/or
interferent-eliminating layer may be provided by the mass
transport limiting layer.

[0078] In certain embodiments, a mass transport limiting
layer is a membrane composed of crosslinked polymers con-
taining heterocyclic nitrogen groups, such as polymers of
polyvinylpyridine and polyvinylimidazole. Embodiments
also include membranes that are made of a polyurethane, or
polyether urethane, or chemically related material, or mem-
branes that are made of silicone, and the like.

[0079] According to certain embodiments, a membrane is
formed by crosslinking in situ a polymer, modified with a
zwitterionic moiety, a non-pyridine copolymer component,
and optionally another moiety that is either hydrophilic or
hydrophobic, and/or has other desirable properties, in an
alcohol-buffer solution. The modified polymer may be made
from a precursor polymer containing heterocyclic nitrogen
groups. Optionally, hydrophilic or hydrophobic modifiers
may be used to “fine-tune” the permeability of the resulting
membrane to an analyte of interest. Optional hydrophilic
modifiers, such as poly(ethylene glycol), hydroxyl or poly-
hydroxyl modifiers, may be used to enhance the biocompat-
ibility of the polymer or the resulting membrane.

[0080] A membrane may be formed in situ by applying an
alcohol-buffer solution of a crosslinker and a modified poly-
mer over an enzyme-containing sensing layer and allowing
the solution to cure for about one to two days or other appro-
priate time period. The crosslinker-polymer solution may be
applied to the sensing layer by placing a droplet or droplets of
the solution on the sensor, by dipping the sensor into the
solution, or the like. Generally, the thickness of the membrane
is controlled by the concentration of the solution, by the
number of droplets of the solution applied, by the number of
times the sensor is dipped in the solution, or by any combi-
nation of these factors. A membrane applied in this manner
may have any combination of the following functions: (1)
mass transport limitation, i.e., reduction of the flux of analyte
that can reach the sensing layer, (2) biocompatibility
enhancement, or (3) interferent reduction.

[0081] The electrochemical sensors may employ any suit-
able measurement technique. For example, may detect cur-
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rent or may employ potentiometry. Technique may include,
but is not limited to, amperometry, coulometry, and voltam-
metry. In some embodiments, sensing systems may be opti-
cal, colorimetric, and the like.

[0082] In certain embodiments, the sensing system detects
hydrogen peroxide to infer glucose levels. For example, a
hydrogen peroxide-detecting sensor may be constructed in
which a sensing layer includes enzyme such as glucose
oxides, glucose dehydrogensae, or the like, and is positioned
proximate to the working electrode. The sensing layer may be
covered by a membrane that is selectively permeable to glu-
cose. Once the glucose passes through the membrane, it is
oxidized by the enzyme and reduced glucose oxidase can then
be oxidized by reacting with molecular oxygen to produce
hydrogen peroxide.

[0083] Certain embodiments include a hydrogen peroxide-
detecting sensor constructed from a sensing layer prepared by
crosslinking two components together, for example: (1) a
redox compound such as a redox polymer containing pendent
Os polypyridyl complexes with oxidation potentials of about
+200 mV vs. SCE, and (2) periodate oxidized horseradish
peroxidase (HRP). Such a sensor functions in a reductive
mode; the working electrode is controlled at a potential nega-
tive to that of the Os complex, resulting in mediated reduction
of hydrogen peroxide through the HRP catalyst.

[0084] In another example, a potentiometric sensor can be
constructed as follows. A glucose-sensing layer is con-
structed by crosslinking together (1) a redox polymer con-
taining pendent Os polypyridyl complexes with oxidation
potentials from about —200 mV to +200 mV vs. SCE, and (2)
glucose oxidase. This sensor can then be used in a potentio-
metric mode, by exposing the sensor to a glucose containing
solution, under conditions of zero current flow, and allowing
the ratio of reduced/oxidized Os to reach an equilibrium
value. The reduced/oxidized Os ratio varies in a reproducible
way with the glucose concentration, and will cause the elec-
trode’s potential to vary in a similar way.

[0085] A sensor may also include an active agent such as an
anticlotting and/or antiglycolytic agent(s) disposed on at least
a portion of a sensor that is positioned in a user. An anticlot-
ting agent may reduce or eliminate the clotting of blood or
other body fluid around the sensor, particularly after insertion
of the sensor. Blood clots may foul the sensor or irreproduc-
ibly reduce the amount of analyte which diffuses into the
sensor. Examples of useful anticlotting agents include hep-
arin and tissue plasminogen activator (TPA), as well as other
known anticlotting agents. Embodiments may include an
antiglycolytic agent or precursor thereof. Examples of antig-
lycolytic agents are glyceraldehyde, fluoride ion, and man-
nose. The term “antiglycolytic” is used broadly herein to
include any substance that at least retards glucose consump-
tion of living cells.

[0086] 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, calibra-
tion may be required, but may be done without user interven-
tion, 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, such as, but not
limited to, glucose concentration and/or temperature and/or
rate of change of glucose, etc.
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[0087] 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. of Alameda, Calif.).
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 calibra-
tion event. For example, a user 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 indepen-
dently to calibrate or combined with data obtained from pre-
vious calibration events, e.g., averaged including weighted
averaged, etc., to calibrate. In certain embodiments, a system
need only be calibrated once by a user, where recalibration of
the system is not required.

[0088] An analyte system may include an optional alarm
system that, e.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 trig-
gered when analyte levels reach or exceed a threshold value.
An alarm system may also, or alternatively, be activated when
the rate of change or acceleration of the rate of change in
analyte level increase or decrease, approaches, 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 hyper-
glycemic 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-stimulat-
ing alarm systems may be used including alarm systems
which heat, cool, vibrate, or produce a mild electrical shock
when activated.

[0089] The subject invention 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. Alterna-
tively, 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 processing unit such as a trans-
mitter, a receiver/display unit, and a drug administration sys-
tem. 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 admin-
istration of drugs, e.g., automatically or semi-automatically.
As an example, a glucose sensor may be used to control and
adjust the administration of insulin from an external or
implanted insulin pump.

[0090] FIG. 6 illustrates an example of a sensor insertion
unit, or sensor delivery unit, used in one or more embodi-
ments of the present disclosure. Referring to FIG. 6, an



US 2014/0348703 Al

inserter 600 embodiment having a micrometer style head or
knob 602 is shown. Knob 602 may be attached to a threaded
rod 604. Threaded rod 604 may be received through a
threaded hole or insert in fixed housing cross member 606. A
distal end of threaded rod 604 may be rotatably or fixedly
attached to compression member 608. Compression member
608 may be movable with respect to carrier 610 for compress-
ing drive spring 612 therebetween.

[0091] Carrier 610 may be provided with barbed fingers
614 for engaging stops 616 within housing 618 to releasably
retain carrier 610 in a cocked position, similar to the arrange-
ments of embodiments described above. Inserter 600 may be
provided with an actuator button for releasing barbed fingers
614 from stops 616 as also previously described, allowing
drive spring 612 to drive carrier 610 downward with intro-
ducer sharp and/or sensor 620 to be inserted into the patient’s
skin. A return spring 622 may also be provided to retract
carrier 610 into housing 618 after sensor insertion.

[0092] In another embodiment of the present disclosure,
other types of sensor delivery units may be used in place of the
sensor delivery unit shown in FIG. 6 and described above.
[0093] Inoneaspect,the sensor delivery unit or inserter 600
(FIG. 6) may be assembled and packaged with the analyte
sensor 620 prior to exposing the assembly to a sterilization
process such that the entire sensor insertion assembly includ-
ing the analyte sensor 620 is exposed to one or more steril-
ization processes using, for example electron beam irradia-
tion. It is to be noted that while electron beam irradiation for
sterilization is discussed herein, in accordance with other
aspects of the present disclosure, different or additional ster-
ilization may be provided to all or one or more component, or
part of the assembly including the sensor delivery unit or
inserter 600 (FIG. 6) and with the analyte sensor 620.
[0094] Electron beam irradiation may be used for the ster-
ilization of a medical device. The process of using electron
beam irradiation inactivates or kills microorganisms or other
contaminants on or within the medical device such as the
sensor insertion assembly. In one aspect, an electron beam
irradiation sterilization process may include sweeping an
intense beam of high-energy electrons across the target
device. Electron beam irradiation may be a penetrating pro-
cess, allowing the target medical device to be already pack-
aged in its final packaging before the irradiation process.
[0095] Thus, by sterilizing the medical device such as the
assembled insertion device assembly including the analyte
sensor after it has been packaged, the possibility of contami-
nation during the time between sterilization and packaging is
reduced. Furthermore, electron beam irradiation may pen-
etrate most commonly used packaging materials, including,
but not limited to, most plastic, metal, and cardboard pack-
aging materials such that sterilizing a packaged medical
device assembly such as the sensor insertion device and the
sensor provided within a packaging material yield effective
sterilization of the insertion device and the sensor assembly
without the packaging material diminishing the effects of the
sterilization process.

[0096] Referring now to the Figures, in one aspect, FIGS.
7A and 7B show two approaches for electron beam irradiation
sterilization in aspects of the present disclosure. For example,
electron beam irradiation sterilization may be performed with
two electron beam accelerators, such as shown in FIG. 7A, or
with a single electron beam accelerator as shown in FIG. 7B.
More than two electron beam accelerators may be used if,
e.g., atarget, such as a packaging, device, or material, is large
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or dense enough such that more than two sides of electron
beams are desired for sterilization.

[0097] In one aspect, electron beam accelerators may be
used to accelerate electrons into the concentrated highly
charged electron stream used for the electron beam irradia-
tion. As materials pass through the stream of electrons, energy
from the stream may be absorbed. The absorption of this
energy alters chemical and biological bonds. At certain levels
of absorption, also known as the absorption dose, DNA
chains and reproductive cells of microorganisms may be
destroyed, therefore effectively sterilizing the target assem-
bly or package. The irradiation dosage is important, as too
low ofa dosage may notresult in complete sterilization, while
too high of a dosage may result in adverse effects on the
materials of the target, packaging, or the device being steril-
ized.

[0098] Depending on target size, material, density, and
desired irradiation level, sterilization by use of electron beam
irradiation may be performed in as little as one minute per
package. As degradation of materials of the target assembly in
either the packaging or the device itself may correlate to the
irradiation time, the less time required to irradiate the target
packaging or device to the target irradiation dosage, the less
degradation of materials may occur. Furthermore, the steril-
ized target may not require any aeration time after steriliza-
tion before being ready for transport and/or distribution.
[0099] In one aspect, the electron beam irradiation process
may penetrate inside packaging of devices to be sterilized,
therefore allowing sterilization after devices are packaged in
their final packaging configuration. This decreases the risk of
contamination between the sterilization process and the final
packaging process. The penetration power of the electron
beam irradiation correlates to the package size, package ori-
entation, package density, and electron beam accelerator
power. The larger and denser the packaging, the more pow-
erful of an electron beam may be required to achieve full
penetration.

[0100] Referringbackto FIG. 7A, two electron beam accel-
erators 710, 720 may be used to achieve complete steriliza-
tion. One electron beam accelerator 710 may be positioned on
one side of the target 701a, while the second electron beam
accelerator 720 may be positioned on the opposite side. This
configuration may allow for the two electron beams 711, 721
to share the penetration requirements in order to irradiate the
interior of the target 7014 to the desired irradiation dosage.
[0101] Referring now to FIG. 7B, a single electron beam
accelerator 730 may be used for electron beam irradiation
sterilization. In this case, a single electron beam accelerator
730 may produce electron beam 731 to irradiate a package
7015. This approach may be more effective for sterilizing
packages that may be smaller or less dense, thus not necessi-
tating the use of two or more electron beams to achieve full
penetration for sterilization.

[0102] Other embodiments may include, but are not limited
to, the use of a single electron beam accelerator to irradiate a
single side of a target, followed by a process of rotating the
target and further irradiating a second side with the same
electron beam accelerator. This may result in having a similar
effect to the method of using two electron beam accelerators,
however, would only require the hardware of a single electron
beam accelerator. Furthermore, three or more electron beam
accelerators may be used for penetration from more than two
sides of a target, such as, for example, from the left, right, and
top sides.
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[0103] The determination of how many electron beam
accelerators to use in the electron beam irradiation steriliza-
tion of a target may be determined based upon size and
density of a target in combination with the power of the
electron beam accelerators that is used in the process and the
internal and surface irradiation dosage minimums and maxi-
mums desired for full sterilization without compromising the
integrity of the target, packaging, or the device to be steril-
ized.

[0104] Furthermore, the electron beam irradiation process
may include a continuous exposure or an intermittent expo-
sure, and the electron beam accelerator may be of a continu-
ous or a varying power, depending upon available machinery
and determinations to achieve the desired internal and surface
dosage limitations.

[0105] FIGS. 8A and 8B illustrate systems for electron
beam irradiation sterilization in accordance with aspects of
the present disclosure. Referring to FIG. 8A, a system for
electron beam irradiation sterilization using two electron
beam accelerators 810, 820 is shown. A target, such as a
packaging containing a device (such as the packaging assem-
bly including the sensor delivery unit and the analyte sensor)
intended for sterilization 801a may be placed on a conveyor
belt 802a, or equivalent, for passing by the electron beams
811, 821 generated by the electron beam accelerators 810,
820.

[0106] Referringto FIG. 8A, a first electron beam accelera-
tor 810 may be placed on one side of the conveyor 802a,
allowing for the electron beam 811 to irradiate the target 801a
from a first side. This first irradiation may not be required to
have full penetration, as the second electron beam 821 may
irradiate from the opposite side, thus completing the penetra-
tion of the electron beams. After passing by the first electron
beam 811 for a predetermined period of time at a preset power
level, the target 801a may pass by the second electron beam
821, also for another predetermined period of time at a preset
power. The amount of the predetermined time and preset
power of each electron beam 811, 821 may be determined
based on the size and density of the target 801a and the
desired surface and internal electron beam irradiation dos-
ages.

[0107] Referring to FIG. 8B, a system for electron beam
irradiation sterilization using a single electron beam accel-
erator 830 is shown. A target, such as a packaging including
sensor insertion device and the analyte sensor, intended for
sterilization of 8015 may be placed on a conveyor belt 8025,
or equivalent, for passing by an electron beam 831 generated
by an electron beam accelerator 830. The electron beam
accelerator 830 may be placed on one side or above (as shown
in FIG. 8B) of the conveyor belt 8025, allowing for the elec-
tron beam 831 to irradiate the target 8015 for a predetermined
period of time at a preset power level. The amount of the
predetermined time and preset power level of the electron
beam 831 may be determined based on the size and density of
the target 8015 and the desired surface and internal electron
beam irradiation dosages.

[0108] Other embodiments may include, but are not limited
to, systems using three or more electron beam accelerators or
systems using a single electron beam accelerator with rota-
tional functions to irradiate a package from multiple sides
using the same electron beam.

[0109] In one embodiment of the present disclosure, elec-
tron beam irradiation may be used for the sterilization of an
analyte sensor. Furthermore, electron beam irradiation may
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be used for the sterilization of an analyte sensor and an ana-
lyte sensor insertion kit or an analyte sensor delivery unit.
[0110] In another embodiment of the present disclosure,
electron beam irradiation may be used for the sterilization of
an analyte sensor, analyte sensor delivery unit, or a continu-
ous monitoring analyte system.

[0111] FIG. 9 is a flow chart representing steps that may be
used for packaging analyte sensor delivery units for transport
to a facility for electron beam irradiation sterilization. Refer-
ring to FIG. 9, an analyte sensor delivery unit, including an
analyte sensor, may be packaged in an individual airtight
sealed packaging 910. The packaging may be sufficiently
small for ease of transport and shelving, and also sufficiently
sturdy to help prevent damage to the analyte sensor and ana-
lyte sensor delivery unit.

[0112] A predetermined number of the packaged analyte
sensor delivery units may be packaged into a box, for
example, constructed of a cardboard material, for handling
920. The box may alternatively be constructed from materials
including, but not limited to, plastics, woods, or metals. The
cardboard box may be designed in such a manner as to allow
for the packaged analyte sensor delivery units to remain sta-
tionary during transport, by use of, for example, slots or a
molded tray. It is desirable that the analyte sensor delivery
units remain stationary during transport so as to minimize the
chance or possibility of the analyte sensor delivery units
incurring damages during transport. In the case that the card-
board box is not filled to capacity with analyte sensor delivery
units, properly labeled simulated or dummy units may be
placed in the empty spots in the cardboard box 921.

[0113] Boxes of analyte sensor delivery units that include
simulated units mixed with actual device assemblies may be
labeled accordingly to respectively identify each other. The
cardboard boxes of analyte sensor delivery units may be then
packaged into larger cases, preferably constructed of a card-
board material, for further ease ofhandling 930. The case may
alternatively be constructed from materials including, but not
limited to, plastics, woods, or metals. The boxes of analyte
sensor delivery units may be oriented in the same direction
within the cardboard case for even irradiation in the steriliza-
tion process.

[0114] In order to protect the analyte sensor delivery units
during sterilization and/or to attain the desired sterilization
level, boxes or containers filled with simulated units may be
placed at each end of the case. In the case that the case is not
filled to capacity with boxes of assembled analyte sensor
delivery units including analyte sensors, extra boxes filled
with simulated units may be placed in the case 931. Boxes
filled completely with simulated units and boxes filled par-
tially with simulated units may be placed at the two ends of
the cases, while boxes filled completely with analyte sensors
delivery units may be placed in the center of the case 930.
[0115] A sterilization sticker may be placed on the side flap
of the case 940 to indicate completion of the sterilization
process, and the case may be sealed for transport to the facility
for electron beam irradiation sterilization 950. Cases contain-
ing partially filled boxes or more than the two required simu-
lated boxes, may be labeled as partial cases.

[0116] In another embodiment, the analyte sensors alone,
without the analyte sensor delivery unit, may be packaged in
airtight packaging before sterilized using electron beam irra-
diation, or the analyte sensor and the analyte delivery unit
may be separately packaged and separately electron beam
sterilized.
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[0117] FIG.10illustrates a system for sterilizing an analyte
sensor and analyte sensor delivery unit in one aspect. Refer-
ring to FIG. 10, in one embodiment of the present disclosure,
an analyte sensor 1001 may be loaded into an analyte sensor
delivery unit 1002. This analyte sensor 1001 and analyte
sensor delivery unit 1002 may be a part of a continuous
analyte monitoring system. The analyte sensor delivery unit
1002 assembled with the analyte sensor 1001 may be pack-
aged in an air tight packaging 1003. A predetermined number
of packages 1003 may be placed into a box 1010, which may
have slots 1011 to ensure the stability of the packages 1003
when placed inside the box 1010. The stability of the pack-
ages 1003 avoids potential damage to the analyte sensor
delivery unit 1002 and the sensor 1001 during transport.

[0118] Additionally, in the case where there are insufficient
number of packages 1003 to fill the box 1010 completely,
simulated or dummy packages 1012 may be used to fill the
empty slots 1011. These simulated packages 1012 may be
used to ensure uniformity throughout the package, and fur-
ther, in determining the desired irradiation dosages/levels.
Once filled, the boxes 1010 may be loaded into cases 1020.
The cases 1020 may be designed to hold a specific number of
boxes 1010, with two simulated boxes 1015, one on each end
of'the case 1020. The boxes 1010 may be loaded in the same
orientation respective to one another to ensure consistency in
the irradiation process.

[0119] In the case where there is insufficient number of
boxes 1010 to fill the case 1020, additional simulated boxes
1015 may be used. Simulated boxes 1015 and partially filled
boxes 1014 may be placed at the ends of the cases 1020. Once
a case 1020 is loaded, it may be transported to the electron
beam irradiation system 1030. The cases 1020 may be loaded
onto a conveyer 1033, or equivalent, where they are exposed
to the electron beams of one or more electron beam accelera-
tors 1031, 1032. While FIG. 10 depicts a system 1030 includ-
ing two electron beam accelerators 1031, 1032, within the
scope of the present disclosure, the system may be designed
to work with only one electron beam accelerator or three or
more electron beam accelerators.

[0120] Referring back to FIG. 10, the cases 1020 may be
irradiated from a first side by a first electron beam accelerator
1031 for a predetermined time period at a preset power level,
in either a continuous irradiation or intermittent bursts.
Thereafter, the cases 1020 may be irradiated from a second
side by a second electron beam accelerator 1032 for a prede-
termined time period at a preset power level. These irradiation
time periods and preset power levels may be ascertained
based upon the desired internal and surface dosages desired.
Inoneaspect, the sterilization ofthe packaged sensor delivery
unit including the analyte sensor may include two sided irra-
diation using two electron beam accelerators, each with 6
MeV at 1 KW. This process may be configured to sterilize
material size up to 24 inches long and 20 inches high with 12
inches in thickness, resulting in density multiplied by thick-
ness equaling 4.5 g/cm? facing the electron beam.

[0121] In one aspect, the analyte sensor and the analyte
sensor delivery unit in a sealed package may be electron beam
irradiated to attain sterilization to at least approximately 25
kGy dose to produce approximately 10~5 SAL (sterility assur-
ance level), or preferably at approximately 30 kGy target
surface dose, and in one aspect, the dose for the electron beam
irradiation may be between approximately 25 kGy and 60
kGy.
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[0122] In another embodiment, electron beam irradiation
may be used for the sterilization of part or the entirety of a
continuous analyte monitoring system.

[0123] In another embodiment, electron beam irradiation
may be used for the sterilization of part or the entirety of any
medical device or medical device system.

[0124] In certain embodiments, of the present disclosure,
medical device assembly for sterilization may include one or
more electronic components, an analyte sensor including
active sensing agents and/or chemistry and/or biologics
related to analyte sensing disposed on the sensor, a sensor
delivery unit including a mounting unit, an insertion needle
such as a sharp introducer and/or adhesive, or one or more
combinations thereof. Exemplary configurations of such
medical device assembly for sterilization may be found in for
example, U.S. Pat. No. 6,175,752, and in U.S. Provisional
Application No. 61/149,639 filed Feb. 3, 2009, entitled
“Compact On-Body Physiological Monitoring Devices and
Methods Thereof”, the disclosure of each of which are incor-
porated herein by reference in their entirety.

[0125] In particular, in embodiments of the present disclo-
sure, sterilization procedures are provided that achieve ster-
ilization to a safe sterility assurance level, such as for example
a107° SAL, where the sterilization procedures are performed
on the medical device assembly in post manufacturing con-
dition, in fully or partially assembled state. In other embodi-
ments, a lower or higher target SAL. may be implemented
depending upon the device or assembly for sterilization.

[0126] Some medical device assemblies such as, for
example analyte monitoring assembly, may include a plural-
ity of components such as electronic components, such as a
transmitter, microprocessor, memory device, and the like, a
sensor including active sensing agents, such as enzymes
related to analyte sensing, disposed on the sensor, a sensor
delivery unit including, for example, an insertion needle, a
mounting unit, such as an adhesive, or one or more combina-
tions thereof. Each component may have varying limitations
and/or requirements for sterilization, where certain steriliza-
tion routines may be ineffective or potentially damage the
component of part of the overall assembly.

[0127] For example, e-beam irradiation based sterilization
may damage the electronic components of the medical device
assembly. Also, sterilization procedures that use high tem-
peratures and/or high levels of humidity may cause damage to
or erosion of the enzymes or other chemistry or biologics on
analyte sensor that include enzymes, or other chemistry or
biologics. Additionally, exposure to high levels of humidity
used in conjunction with the sterilization routine may render
the adhesive ineffective (or lessen the effectiveness or
lifespan of the adhesive) when the assembly to be sterilized
includes adhesive such as, for example, the mounting unit/
base of the medical device assembly discussed above.

[0128] Accordingly, in aspects of the present disclosure,
gaseous chemical sterilization, using, for example, ethylene
oxide (EO), vaporized hydrogen peroxide (VHP), or nitrogen
oxides, such as nitrogen dioxide (NO,), at one or more con-
trolled temperatures, humidity levels, and chemical concen-
trations are provided. In one aspect, the gaseous chemical
sterilization routines described herein are configured to mini-
mize or avoid damage to components, such as electronic
components and chemical/biological components, while
achieving a desired safe sterility assurance level (SAL), such
as a 107® SAL or other acceptable or desirable level of SAL.
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[0129] FIG. 11 is a flow chart illustrating an ethylene oxide
(EO) based sterilization process in one aspect of the present
disclosure. Ethylene oxide sterilization, as well as other
chemical sterilization methods, may potentially damage
enzymes, chemistry or biologics unless the parameters
including temperature, humidity, EO concentration, and EO
exposure time are controlled or selected carefully. In one
aspect, a custom cycle of EO sterilization may be used.
[0130] Referring to FIG. 11, in one embodiment, an ethyl-
ene oxide based sterilization procedure begins with providing
the device, such as a medical device assembly, in a steriliza-
tion chamber at a controlled temperature and humidity
(1110). The sterilization chamber may be used to contain the
gaseous solution, to maintain a constant, controlled tempera-
ture and humidity, to keep the assembly free from outside
contaminants during the sterilization process, and to protect
any technicians involved in the sterilization process from
exposure to potentially harmful chemicals. In one embodi-
ment, the air in the sterilization chamber may be vacuumed
out in order to more accurately control the temperature,
humidity, pressure, and gas concentration within the steril-
ization chamber.

[0131] In some aspects, the EO based sterilization routine
may use a temperature of up to approximately 60° C., a
humidity level that is greater than 60%, such as 80% or
greater, an EO concentration between approximately 200
mg/l. and approximately 1000 mg/[,, such as between
approximately 400 mg/LL and approximately 800 mg/L, such
as approximately 600 mg/l., and an EO exposure time of
between one and seven hours, such as an exposure time of
between about three and five hours. With ethylene oxide
sterilization, similar to other chemical sterilization tech-
niques, the higher the temperature of the device or assembly
within the sterilization chamber, the higher the level of lethal-
ity to contaminants, such as bacteria and spores. Additionally,
higher levels of humidity also facilitate the absorption and
desorption of EO into and out of the device for sterilization.
[0132] However, the high temperature and/or humidity
level may be incompatible with and/or potentially cause dam-
age (or render ineffective) to enzymes or other biological
components provided on the component of the device or
assembly for sterilization. To this end, in one aspect, the EO
based sterilization routine may be implemented based on a
lower temperature, for example a temperature lower than
approximately 56° C., such as a temperature lower than
approximately 50° C., such as approximately 45° C., and a
lower humidity level, for example a humidity of less than
approximately 50%, such as a humidity level of approxi-
mately 35%.

[0133] Referring still to FIG. 11, in one aspect, in the case
where the EO based sterilization routine is implemented
using a lower temperature and/or a lower humidity level, the
EO exposure time may need to be increased (1140) to achieve
a desired sterility assurance level, such as a 107° SAL (1120).
In one embodiment, the exposure time may be calculated
based upon an evaluation and determination of the exposure
time value (D-value) determined based on the exposure time
at a predetermined EO concentration that results in the
destruction of 90% of the contaminant organism’s popula-
tion. In other embodiments, the exposure time may be based
upon user experience, testing, trial and error, or a variety of
other calculations and/or experiments.

[0134] Once a desired sterility assurance level has been
achieved, the ethylene oxide solution is removed from the
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sterilization chamber, and the device or assembly is aerated
(1130) until it is safe for handling and distribution. Aeration
may be achieved by a series of vacuums and subsequent
injections of nitrogen gas into an aeration chamber, by for
example, circulating filtered air through an aeration chamber,
by circulating heated air through an aeration chamber, or
based on a variety of other aeration techniques or combina-
tions thereof. In other embodiments, exposure temperatures
at, above, or below 56° C. and/or exposure humidity levels at,
above, or below 35% may be used. In further embodiments,
the EO exposure time and/or the EO concentration may vary.
[0135] FIG. 12 is a flow chart illustrating a vaporized
hydrogen peroxide (VHP) based sterilization routine in one
aspect of the present disclosure. Hydrogen peroxide is bacte-
ricidal, fungicidal, and sporicidal at concentrations above
approximately 6%. In one embodiment, a hydrogen peroxide
concentration between 20% and 50%, such as approximately
35%, may be used in a VHP based sterilization routine.
[0136] Referring to FIG. 12, in one embodiment, the medi-
cal device assembly is provided within a sterilization cham-
ber (1210), which is pulled by vacuum (1220) to ensure there
are no leaks. Following the vacuum, the VHP is then pulsed
into the sterilization chamber (1230), to permeate the VHP
through the packaging and sterilize the sensor in the assembly
without damaging other components such as the electronics
within the assembly. In one aspect, the VHP exposure is
maintained (1260) until an acceptable sterility assurance
level, such as 1075 SAL, is achieved (1240). This cycle can be
completed in minutes, or hours, or more or less and may be at
temperatures ranging from approximately 30° C. to 40° C.
and at low humidity levels, where humidity arises from the
pulsed VHP injection. Various other combinations of tem-
perature, humidity levels, VHP concentration, and exposure
time may be used. High concentrations of hydrogen peroxide
may be potentially dangerous or harmful to enzymes of a
sensor, however, at low concentration, it is not harmful. Once
a desired sterility assurance level has been achieved, the
hydrogen peroxide solution is removed from the sterilization
chamber, and the device or assembly is aerated (1250) until it
is safe for handling and distribution.

[0137] FIG. 13 is a flow chart illustrating a nitrogen dioxide
(NO,) based sterilization routine in one aspect of the present
disclosure. Referring to FIG. 13, in one embodiment, the NO,
based sterilization routine uses low concentrations (less than
approximately 21 mg/L.) of NO, gas in the presence of air and
water vapor at approximately room temperature delivered
into a sterilization chamber (1330) that contains the device or
assembly to be sterilized (1310) and that has been evacuated
of air by the use of a vacuum (1320). In one aspect, the
injection of the NO, mixture is followed by an injection of
humidified air (1340) at near ambient pressure into the ster-
ilization chamber. In one aspect, this process is repeated one
or more times until an acceptable sterility assurance level,
such as 107% SAL, is achieved (1350). Once an acceptable
SAL is achieved, the medical device assembly is aerated
(1360) until it is safe for use and/or distribution.

[0138] Inoneembodiment,the NO, gas concentrationused
for sterilization is between approximately 8 mg/[L and 10
mg/L.. In another embodiment, the NO, gas to air ratio is
between about 0.1% and 1%, such as between about 0.25%
and 0.40%. In one embodiment, the exposure time is between
one minute and one hour, such as between approximately two
minutes and twenty minutes. In a further embodiment, the
humidity level is between 35% and 90%, such as between
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50% and 80%. In still another embodiment, the temperature is
between 10° C. and 40° C., such as between 18° C. and 30° C.
In still other embodiments, the concentration of NO,, tem-
perature, humidity, pressure, exposure time, number of expo-
sure cycles, or combinations thereof may vary.

[0139] Within the scope of the present disclosure, other
methods of chemical sterilization may be used including the
use of gaseous or liquid chemicals including, chlorine bleach,
glutaraldehyde,  formaldehyde,  Ortho-phthalaldehyde
(OPA), peracetic acid, guanidinium thiocyanate, sodium
hydroxide (NaOH), silver ions, iodine, ozone, hydrogen per-
oxide gas plasma, or combinations or derivatives thereof.
[0140] In other embodiments, a pre-assembled medical
device assembly may include a component, for example a
sensor which requires sterilization before distribution and use
and protection from future contamination, may be incorpo-
rated within a housing of another component, such as the
device assembly as shown in FIG. 6. As described above, it
may be advantageous for a medical device assembly to be
sterilized after complete assembly and packaging to avoid
possible contamination between the sterilization process and
the finalization processes of manufacture and assembly. As
such, it is advantageous to provide a suitable material and/or
design to allow for sterilization of all necessary components
of the medical device assembly without sacrificing protec-
tion.

[0141] In one embodiment, a protective component (not
shown), such as a cap, may be provided over the open end of
the sensor delivery unit 600 of FIG. 6. Example embodiments
are described in further detail in U.S. Provisional Application
No. 61/149,639 filed Feb. 3, 2009, entitled “Compact On-
Body Physiological Monitoring Devices and Methods
Thereof™, disclosure of which is incorporated herein by ref-
erence for all purposes. In one aspect, the cap acts as a des-
iccation barrier, protecting the sensor 620 from potentially
harmful outside elements. However, in some cases, a desic-
cation barrier may also hinder some sterilization processes,
such as chemical sterilization methods, examples of which
are described above.

[0142] In view of the above, FIG. 14 is a flow chart illus-
trating a method of providing a protective component for a
device in one embodiment, wherein the protective component
may be comprised of two or more layers of different materi-
als. The first layer may be made of a synthetic material such
a flash-spun high-density polyethylene fiber, such as
DuPont™ Tyvek®, which is highly durable and puncture
resistant and allows the permeation of vapors (1410). The
Tyvek® is applied as the first layer of the protective compo-
nent, before the sterilization process. Once the Tyvek® layer
is applied, the medical device assembly is sterilized (1420),
and following the sterilization process, a foil, or other vapor
and moisture resistant material, layer is sealed, for example
heat sealed, over the Tyvek® layer to prevent moisture ingress
into the medical device assembly (1430).

[0143] In another embodiment, only a single protective
layer is applied to the medical device assembly, wherein the
single layer is gas permeable for the sterilization process, but
is also capable of protection against moisture and other harm-
ful elements once the sterilization process is complete.
[0144] Inother embodiments, as described above, it may be
advantageous for a medical device assembly to be packaged
in final packaging materials before sterilization in order to
avoid contamination between the sterilization and final pack-
aging processes. In one embodiment, a packaging, for
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example a Tyvek® packaging, may be sealed around the
medical device assembly. The entire sealed packaging is then
sterilized before final shipping and distribution. In another
embodiment, the sterilization process is completed before the
final packaging is sealed, and immediately following the ster-
ilization process the final packaging is sealed, for example, by
heat sealing. In other embodiments, multiple layers and/or
multiple materials of packaging may be used.

[0145] In still a further embodiment, separate components
may be sterilized separately using different or the same ster-
ilization techniques as described above, and assembled and
packaged after sterilization. In another embodiment, some
components may be sterilized individually before assembly
and packaging, while the remaining components may be ster-
ilized after assembly and/or packaging. In still another
embodiment, each separate component may be sterilized
separately before assembly and/or packaging, and further the
entire assembled device may be sterilized an additional time
after complete assembly and/or final packaging.

[0146] Within the scope of the present disclosure, other
methods of sterilization of an analyte sensor or analyte sensor
delivery unit may be used, including, but not limited to,
radiation sterilization methods such as gamma ray irradia-
tion, X-ray irradiation, or ultraviolet light (UV) irradiation,
dry heat sterilization, and autoclaving sterilization.

[0147] Gamma ray irradiation is similar to electron beam
irradiation in that it penetrates most material and doesn’t
require long exposure. Gamma ray irradiation sterilization
uses gamma rays which are generally produced from a Cobalt
(Coy) source. Gamma rays generally have a higher penetrat-
ing power compared to electron beam irradiation, however,
they have a lower dosage rate. Therefore, gamma ray irradia-
tion may be preferable for high density packaged materials,
however, because of the lower dosage rate, the materials may
require a longer dosage time to ensure full sterilization, and
therefore, increase the risk of damage to the material itself
from prolonged exposure.

[0148] X-ray irradiation, if low energy, is less penetrating
than electron beam and gamma ray irradiation and thus often
requires longer exposure time, but requires less shielding.
Ultraviolet light irradiation may be ineffective in penetrating
non-transparent materials, thus UV irradiation is used only
for surface sterilization or sterilization of certain transparent
objects.

[0149] Dry heat sterilization is a matter of heating the target
package, device, or material to a desired sterilization heat
level. However, dry heat often encounters problems when
sterilizing plastics, as plastics may melt or be damaged before
the entirety of the package, material, or device reaches a
temperature adequate for sterilization.

[0150] Autoclaving is a sterilization process that uses satu-
rated steam to allow for lower temperatures and shorter times
as compared to the dry heat process. However, some materials
begin to lose structural integrity at the temperatures used for
autoclaving. This limits the materials and designs available
for packaging a device.

[0151] In yet another embodiment of the present disclo-
sure, a sterilization verification procedure may be imple-
mented after sterilization. After sterilization, a sample may be
taken for final quality control testing, which may check,
among others, device, such as a sensor, response, pack integ-
rity, such as leak testing, and device functionality, such as
insertion functionality for an analyte sensor delivery unit.
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[0152] As discussed above, sterilization of medical devices
before usage is important. In one aspect, electron beam irra-
diation may be used for the sterilization of a medical device
such as the sensor insertion unit and sensor combined assem-
bly. The electron beam irradiation inactivates or kills any
microorganisms on or within the target medical device by
using electron beam accelerators to accelerate electrons into
a concentrated highly charged electron stream, which may
alter chemical and biological bonds of, for example, DNA
chains and reproductive cells of microorganisms. Moreover,
as discussed above, electron beam irradiation may be a pen-
etrating process, allowing a target medical device, such as an
analyte sensor and analyte sensor delivery unit, to be already
packaged in its final packaging before being exposed to the
irradiation process for sterilization.

[0153] Accordingly, in accordance with the embodiments
of the present disclosure, there are provided methods and
systems for the sterilization of medical devices, including
devices for the continuous or automatic monitoring of ana-
lytes, such as glucose, in bodily fluid. In one aspect, there is
provided assembling an analyte sensor with an analyte sensor
insertion device, packaging the assembled analyte sensor and
sensor insertion device in a container which may optionally
include a substantially airtight seal, and irradiating the pack-
aged assembled analyte sensor and sensor insertion device at
a dose effective to sterilize the package using one or more
electron beam accelerators.

[0154] Inone aspect, the electron beam sterilization of the
assembled and packaged analyte sensor and sensor insertion
device results in a relatively long term shelf life (for example,
approximately 18 months), with controllable moisture con-
tent within the packaging, while not adversely impacting the
adhesiveness of the adhesive for placement on the skin sur-
face of the user.

[0155] Accordingly, a method of sensor delivery assembly
sterilization in one aspect includes assembling an analyte
sensor with an analyte sensor insertion device, packaging the
assembled analyte sensor and sensor insertion device in a
container, and irradiating the container including packaged
assembled analyte sensor and sensor insertion device at a
predetermined dose using one or more electron beam accel-
erators.

[0156] The predetermined dose may be approximately 30
kGy.
[0157] The packaged assembled analyte sensor and sensor

insertion device may be irradiated at a surface dosage of
between approximately 25 kGy and 60 kGy.

[0158] In one aspect, the irradiation of the packaged
assembled analyte sensor and sensor insertion device may
produce approximately 107° sterility assurance level.

[0159] The packaged assembled analyte sensor and sensor
insertion device may be irradiated from two opposing sides
using at least two electron beam accelerators, where, a respec-
tive time period associated with the irradiation of the pack-
aged assembled analyte sensor and sensor insertion device
from each of the at least two electron beam accelerators may
be substantially non-overlapping.

[0160] The packaged assembled analyte sensor and sensor
insertion device may be sterilized with one electron beam
accelerator.

[0161] Instill another aspect, the method may include rotat-
ing the container including packaged assembled analyte sen-
sor and sensor insertion device during irradiation to expose
the maximum surface of the packaged assembled analyte
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sensor and sensor insertion device substantially perpendicu-
lar to the electron beam irradiation.

[0162] The method may include providing an indication of
sterilization status on the irradiated packaged assembled ana-
lyte sensor and sensor insertion device, where providing the
indication of sterilization status may include affixing a label
on the packaged assembled analyte sensor and sensor inser-
tion device.

[0163] Inyetanother aspect, assembling the analyte sensor
with the analyte sensor insertion device may include coupling
the analyte sensor to the analyte sensor insertion device,
where coupling may include detachably coupling the analyte
sensor to a predetermined portion of the analyte sensor inser-
tion device.

[0164] A system for sterilizing an analyte sensor insertion
device assembly in another aspect of the present disclosure
includes a container including an inner cavity and a seal, the
container including an analyte sensor insertion device assem-
bly positioned substantially within the inner cavity, wherein
the seal is provided entirely over the cavity on the container,
and an electron beam accelerator configured to irradiate the
container at a predetermined dose.

[0165] The electron beam accelerator may be configured to
irradiate the container at a surface dosage of between approxi-
mately 25 kGy and 60 kGy.

[0166] The electron beam accelerator irradiation of the
container may result in approximately 10~° sterility assurance
level.

[0167] Inone aspect, the analyte sensor includes a glucose
sensor.
[0168] The container in a further aspect may include a

sterilization status indicator.

[0169] A method in still another aspect may include expos-
ing a packaged assembly including an analyte sensor and
sensor insertion device to electron beam irradiation to result
in approximately 107° sterility assurance level.

[0170] In one aspect, the sealed analyte sensor and sensor
delivery unit in a single package may be electron beam ster-
ilized for a predetermined time period to attain sufficient level
of sterilization (for example, approximately 107° sterility
assurance level) while maintaining the integrity of the com-
ponents and items within the package including, for example
in certain embodiments, the active sensing agents and/or
chemistry related to analyte sensing disposed on the sensor,
the biologics and the required biological activity thereof, the
viscosity of the adhesive on the bottom surface of the mount-
ing unit of the sensor delivery unit, as well as the structural
integrity ofthe sensor delivery unit components including, for
example, in certain embodiments, a metal sharp/introducer, a
plastic housing, as well as other materials if included.

[0171] Embodiments include effectively electron beam
sterilizing a medical device that includes various materials
with respective material, biologic and chemical properties.
Embodiments include exposing a medical device to electron
beam irradiation for a period of time sufficient to sterilize the
device without adversely affecting the properties of the
assembled device (and any other component sterilized there-
with) to an unacceptable degree. Sterilization may include
determining that an electron beam-sterilized medical device
is substantially, if not completely, free of viable microorgan-
isms, e.g., does not exceed about an amount acceptable for
such devices according to a governmental regulatory agency
such as the U.S. Food and Drug Administration and/or the
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target medical device for sterilization has reached a predeter-
mined sterility assurance level (SAL).

[0172] For example, a medical device subjected to the ster-
ilization procedures herein may include an analyte sensor
(such as a glucose sensor) that may include one or more
electrodes (one or more of, including any combination of
working, reference and counter electrodes), an analyte-re-
sponsive enzyme area (e.g., glucose enzyme with or without
a mediator, e.g., a redox polymer enzyme area (such as an
osmium-containing redox polymer)), or an analyte diffusion
limiting area respectively disposed on the sensor substrate.
An assembled unit that may be sterilized with an analyte
sensor may include a mounting unit and/or a sensor delivery
unit, comprising the target medical device for sterilization.

[0173] A mounting unit may include materials such as plas-
tic (e.g., substantially flexible or substantially rigid plastic)
and/or adhesive material disposed on one or more surface of
the mounting unit (e.g., to adhere the mounting unit to a skin
surface of a user). A sensor delivery unit may include mate-
rials such as plastic housing and one or more components
(e.g., substantially flexible or substantially rigid plastic), and
metal (such as a sharp or introducer for delivering a sensor at
least partially in the skin of a user). Such an assembly com-
prising analyte sensor and mounting unit and sensor delivery
unit may be positioned inside a container prior to sterilization,
where a container may also include one or more materials
whose properties may be considered in the sterilization pro-
cess for example, to achieve the desired sterility assurance
level.

[0174] Inone aspect, the container materials may include a
thermoformed plastic tray with a sealable, removable cover,
e.g., an aluminum foil cover that is adhered to the plastic tray
with adhesive. In one embodiment, the thermoformed plastic
tray for containing the assembled analyte sensor, pre-loaded
in the sensor delivery unit configured with the mounting unit,
may comprise a composition including polyester terephtha-
late glycol (PETG)/Cyclic Olefine Copolymer (COC)/poly-
ester terephthalate glycol (PETG) of an approximate thick-
ness of 40 millimeters. Additionally, the removable cover
may be provided on the thermoformed plastic tray as peelable
lid which is adhered to the plastic tray using an adhesive, and
may be peeled off by a user prior to use. In particular embodi-
ments, the peelable lid may be a composition including poly-
ester/white polyethylene/aluminum foil/polyester/heat seal
PET film. In certain aspects, the adhesively mounted lid or
cover may be flexible or rigid. When fully assembled, the
container including the plastic tray and the aluminum foil
cover provides a sealed environment for the assembled sen-
sor, sensor delivery unit and/or the mounting unit.

[0175] Once positioned inside, the cover may be sealed to
form an enclosed interior space. In certain embodiments,
sterilization of a medical device having various materials, by
aprocess herein, provides sterility of the medical device for a
predetermined shelflife period oftime, e.g., at least about six
months, e.g., at least about 18 months.

[0176] In one aspect, the period of time during which the
sensor/delivery unit is exposed to the electron beam irradia-
tion may vary, but in certain embodiments may range from at
least about one minute, e.g., at least about one to two minutes,
e.g., at least about two minutes, where the period of time may
be as long as about three minutes or longer. Furthermore, in
one aspect, the target surface dose for electron beam steril-
ization is within a range of 25 kGy to 60 kGy, and preferably,
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about 29 or 30 kGy target surface dose to maintain a mini-
mum of approximately 25 kGy within the interior of the
packaging.

[0177] Incertain embodiments, the electron beam steriliza-
tion of the packaged sensor and sensor delivery unit is per-
formed to meet the standards or are in compliance with the
requirements set forth in ISO 11137 which provides the
requirements for validation and routine control for radiation
sterilization of health care products, and AAMI TIR27: 2001
Sterilization of health care products—Radiation steriliza-
tion—Substantiation of 25 kGy as a sterilization dose Method
VD, iz

[0178] Within the scope of the present disclosure, the time
period of the electron beam irradiation and the target surface
dosage may vary depending upon the particular item or com-
bination of components for sterilization. For example, the
target surface dose and irradiation time period for a packaging
that includes analyte sensor only may differ from a packaging
that includes the sensor delivery unit and the analyte sensor
pre-loaded in the delivery unit, and further which includes the
mounting base for positioning on the user’s skin surface
during the sensor insertion process. In particular, the target
surface dose and/or irradiation time period may be varied to
compensate for the particular material properties of the item
for sterilization.

[0179] Inone embodiment, a method of sterilizing a medi-
cal device assembly may comprise providing a medical
device assembly including one or more electronic compo-
nents, a sensor, and a sensor delivery unit, exposing the medi-
cal device assembly to a gaseous chemical solution at a pre-
determined temperature, humidity level, and gaseous
chemical concentration, for a predetermined exposure time to
sterilize the medical device assembly, and aerating the medi-
cal device assembly.

[0180] The electronic components may include a data
transmitter, a microprocessor, or a memory device.

[0181] The sensor may be a glucose sensor.

[0182] In one aspect, the glucose sensor may comprise at
least one electrode, an enzyme area, and a glucose diffusion
limiting area.

[0183] The enzyme area may comprise a mediator.
[0184] The enzyme area may comprise a redox polymer.
[0185] The redox polymer may comprise an osmium-con-

taining polymer.

[0186] The glucose diffusion limiting area may comprise a
polymer.
[0187] The sensor may comprise a substantially planar sub-

strate on which the at least one electrode is positioned.

[0188] The sensor delivery unit may include an adhesive
mounting unit.
[0189] In one aspect, the gaseous chemical solution is an

ethylene oxide solution.

[0190] The predetermined ethylene oxide concentration
may be between 400 mg/L. and 800 mg/L..

[0191] The predetermined ethylene oxide concentration
may be approximately 600 mg/L..

[0192] The exposure time may be between three and five
hours.

[0193] The predetermined temperature may be lower than
56° C.

[0194] The predetermined temperature may be approxi-
mately 45° C.

[0195] The predetermined humidity level may be approxi-
mately 35%.
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[0196] In another aspect, the gaseous chemical solution
may be a vaporized hydrogen peroxide solution.

[0197] The predetermined vaporized hydrogen peroxide
concentration may be approximately 35%.

[0198] The predetermined temperature may be between
30° C. and 40° C.

[0199] In another aspect, the gaseous chemical solution
may be an oxide of nitrogen solution.

[0200] The oxide of nitrogen may be nitrogen dioxide.
[0201] The nitrogen dioxide concentration may be between
0.25% and 0.40%.

[0202] The exposure time may be between 2 and 20 min-
utes.
[0203] The predetermined temperature may be between

18° C. and 30° C.

[0204] The predetermined humidity may be between 50%
and 80%.
[0205] In yet another aspect, the medical device assembly

may be sterilized when the medical device has a 107° sterility
assurance level.
[0206] The medical device assembly may be sterilized to
maintain a predetermined sterility level for at least about six
months.
[0207] The medical device assembly may be sterilized to
maintain a predetermined sterility level for at least about 18
months.
[0208] The medical device assembly may be provided
within a final packaging prior to exposure to the gaseous
chemical solution.
[0209] Furthermore, the method may comprise packaging
the medical device assembly in a material that is substantially
non-permeable to moisture.
[0210] Packing the medical device assembly may comprise
heat sealing the medical device assembly within the material
that is substantially non-permeable to moisture.
[0211] 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 departing from the
scope and spirit of the present disclosure. Although the
present disclosure has been described in connection with
specific embodiments, it should be understood that the
present disclosure as claimed should not be unduly limited to
such specific 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.
What is claimed is:
1. A method of sterilization, comprising:
packaging a glucose sensor assembly including a glucose
sensor and a sensor introducer in a first tray;
packaging the first tray in a second tray that includes at
least one glucose sensor assembly;
irradiating the second tray including the at least one glu-
cose sensor assembly at a predetermined dose level
using electron beam irradiation; and
exposing a medical device assembly including sensor elec-
tronics to a chemical solution for a predetermined time
period to sterilize the medical device assembly.
2. The method of claim 1, wherein the chemical solution is
a gaseous solution.
3. The method of claim 1, further comprising sealing the
first tray with a cover, wherein the first tray includes thermo-
formed plastic.
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4. The method of claim 3, wherein the cover includes
aluminum.

5. The method of claim 3, wherein the cover and the first
tray form a seal with an adhesive material disposed therebe-
tween.

6. The method of claim 1, wherein the packaged glucose
sensor assembly is irradiated at a surface dosage of between
25 kGy and 60 kGy.

7. The method of claim 1, wherein the irradiation of the
packaged glucose sensor assembly and the exposure of the
medical device assembly to the chemical solution results in a
107 sterility assurance level for both of the assemblies.

8. The method of claim 1, wherein both the packaged
glucose sensor assembly and the medical device assembly are
sterilized to maintain a predetermined sterility level for at
least six months.

9. The method of claim 1, wherein both the packaged
glucose sensor assembly and the medical device assembly are
sterilized to maintain a predetermined sterility level for at
least 18 months.

10. The method of claim 1, wherein an enzyme layer com-
prises a mediator.

11. The method of claim 10, wherein the enzyme layer
comprises a redox polymer.

12. The method of claim 11, wherein the redox polymer
comprises an osmium-containing polymer.

13. The method of claim 1, wherein a glucose diffusion
limiting layer comprises a polymer.

14. The method of claim 1, wherein the glucose sensor
comprises a planar substrate on which at least one electrode is
positioned.

15. The method of claim 2, wherein the gaseous solution
includes one of ethylene oxide, vaporized hydrogen peroxide,
and nitrogen oxide.

16. The method of claim 1, wherein the packaged glucose
sensor assembly is irradiated using at least one electron beam
accelerator.

17. The method of claim 1, wherein the medical device
assembly is exposed to the chemical solution in an environ-
ment with a predetermined temperature.

18. The method of claim 17, wherein the environment has
a predetermined humidity.

19. The method of claim 18, wherein a second predeter-
mined time period is determined based on at least one of the
predetermined temperature and the predetermined humidity
of the environment, and wherein the chemical solution has a
predetermined concentration.

20. The method of claim 1, further comprising packaging
the medical device assembly and the glucose sensor assembly
in a kit.

21. The method of claim 1, wherein the medical device
assembly includes a sensor delivery unit.

22. The method of claim 1, wherein the medical device
assembly includes an adhesive for adhering the sensor elec-
tronics assembly to a skin surface.

23. The method of claim 1, wherein the glucose sensor
assembly includes a desiccant.

24. A method of sterilization, comprising:

packaging a glucose sensor assembly including a glucose

sensor and a sensor introducer in a first tray;
packaging the first tray in a second tray that includes at
least one glucose sensor assembly; and



US 2014/0348703 Al

irradiating the second tray including the at least one glu-
cose sensor assembly at a predetermined dose level
using electron beam irradiation.

25. The method of claim 24, wherein packaging the glu-
cose sensor assembly in the first tray includes sealing the first
tray including thermoformed plastic with a cover.

26. The method of claim 25, wherein the cover includes
foil.

27. The method of claim 25, wherein the cover and the first
tray form a seal with an adhesive material disposed therebe-
tween.

28. The method of claim 24, wherein irradiating the second
tray includes irradiating at a surface dosage of between 25
kGy and 60 kGy.

29. The method of claim 24, wherein irradiating the second
tray including a predetermined number of glucose sensor
assemblies results in a 107 sterility assurance level.

30. The method of claim 24, wherein the packaged glucose
sensor assembly is sterilized to maintain a predetermined
sterility level for at least six months.

31. The method of claim 24, wherein the packaged glucose
sensor assembly is sterilized to maintain a predetermined
sterility level for at least 18 months.
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32. The method of claim 24, wherein an enzyme layer
comprises a mediator.

33. The method of claim 32, wherein the enzyme layer
comprises a redox polymer.

34. The method of claim 33, wherein the redox polymer
comprises an osmium-containing polymer.

35. The method of claim 24, wherein a glucose diffusion
limiting layer comprises a polymer.

36. The method of claim 24, wherein the packaged glucose
sensor assembly is irradiated using an electron beam accel-
erator.

37. The method of claim 24, wherein the glucose sensor
assembly includes a desiccant.

38. The method of claim 24, further comprising:

assembling a medical device assembly including sensor

electronics; and

packaging a sterilized glucose sensor assembly with the

medical device assembly.

39. The method of claim 38, wherein the medical device
assembly includes a sensor delivery unit.
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