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Description

RELATED APPLICATIONS:

[0001] This application claims priority on U.S. Provi-
sional Patent Application Serial No. 60/121,655, filed
February 25, 1999.

FIELD OF THE INVENTION

[0002] This invention relates to glucose monitor sys-
tems and, in particular embodiments, to glucose sen-
sors for use with glucose monitor systems and to the
packaging for the glucose sensors.

BACKGROUND OF THE INVENTION

[0003] Over the years, bodily characteristics have
been determined by obtaining a sample of bodily fluid.
For example, diabetics often test for blood glucose lev-
els. Traditional blood glucose determinations have uti-
lized a painful finger prick using a lancet to withdraw a
small blood sample. This results in discomfort from the
lancet as it contacts nerves in the subcutaneous tissue.
The pain of lancing and the cumulative discomfort from
multiple needle pricks is a strong reason why patients
fail to comply with a medical testing regimen used to de-
termine a change in characteristic over a period of time.
Although non-invasive systems have been proposed, or
are in development, none to date have been commer-
cialized that are effective and provide accurate results.
In addition, all of these systems are designed to provide
data at discrete points and do not provide continuous
data to show the variations in the characteristic between
testing times.

[0004] A variety of implantable electrochemical sen-
sors have been developed for detecting and/or quanti-
fying specific agents or compositions in a patient's
blood. For instance, glucose sensors are being devel-
oped for use in obtaining an indication of blood glucose
levels in a diabetic patient. Such readings are useful in
monitoring and/or adjusting a treatment regimen which
typically includes the regular administration of insulin to
the patient. Thus, blood glucose readings improve med-
ical therapies with semi-automated medication infusion
pumps of the external type, as generally described in U.
S. Patent Nos. 4,562,751; 4,678,408; and 4,685,903; or
automated implantable medication infusion pumps, as
generally described in U.S. Patent No. 4,573,994. Typ-
ical thin film sensors are described in commonly as-
signed U.S. Patent Nos. 5,390,671; 5,391,250;
5,482,473; and 5,586,553. U.S. Patent No. 5,299,571
discloses a glucose sensor system which may be pro-
vided in sterile packaging.

[0005] Many of these glucose sensors utilize complex
chemical structures and/or reactions that can degrade
over time, if maintained under improper conditions.
Since sensors may be stored for long periods of time
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after manufacture and prior to use, the sensors must be
monitored frequently and maintained in areas with a
carefully controlled environment. The monitoring of sen-
sors is particularly difficult once the sensors have been
sterilized and placed in packages. Often the only way to
monitor the sensors is to pull a sample and remove it
from a package. However, this destroys the sterility and
results in waste. Also, monitoring sensors that have
been shipped to a user are problematic or difficult.

SUMMARY OF THE DISCLOSURE

[0006] Itis an object of an embodiment of the present
invention to provide an improved glucose sensor pack-
age system, which obviates for practical purposes, the
above mentioned limitations.

[0007] Embodiments of the present invention are di-
rected to a glucose sensor package system that in-
cludes a glucose sensor and a protective package that
indicates exposure to temperature changes to indicate
proper temperature control. Also covered are methods
of transporting the package. According to one aspect of
the presentinvention there is provided a glucose sensor
package system as defined by claim 1.

[0008] According to an embodiment of the invention,
a glucose sensor package system for storing and trans-
porting a glucose sensor includes at least one glucose
sensor, a protective package and at least one tempera-
ture exposure indicator. The protective package has an
interior to hold the at least one glucose sensor in the
interior of the protective package. The at least one tem-
perature exposure indicator is used to determine if the
protective package has been exposed to at least one
exposure temperature relative to a predetermined
threshold temperature value. In particular embodi-
ments, the at least one exposure temperature is above
the predetermined threshold temperature, and the at
least one temperature exposure indicator indicates
when there has been exposure to the at least one ex-
posure temperature. For instance, the predetermined
threshold temperature is 75° F (23°C) and the at least
one exposure temperature exceeds 75° F (23°C), or the
predetermined threshold temperature is 100° F (37°C)
and the at least one exposure temperature exceeds
100° F (37°C). In other embodiments, the at least one
exposure temperature is below the predetermined
threshold temperature, and the at least one temperature
exposure indicator indicates when there has been ex-
posure to the at least one exposure temperature. For
instance, the predetermined threshold temperature is
36° F (2°C) and the at least one exposure temperature
is below 36° F (2°C).

[0009] In additional embodiments, the at least one
temperature exposure indicator indicates when the at
least one exposure temperature relative to the prede-
termined threshold temperature existed for a predeter-
mined period of time. For instance, the predetermined
period of time can be at least 10 minutes, or at least 60
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minutes. In other embodiments, the period of time is es-
tablished as a function of a magnitude of a difference
between the at least one exposure temperature and the
predetermined threshold temperature.

[0010] In particular embodiments, the at least one
temperature exposure indicator is attached to the pro-
tective package. For instance, the at least one temper-
ature exposure indicator may be attached to the interior
of the protective package or an exterior of the protective
package. In further embodiments, the at least one tem-
perature exposure indicator is contained within the pro-
tective package, or attached to the glucose sensor. In
preferred embodiments, the at least one temperature
exposure indicator is a sticker. Other embodiments are
directed to a method of transporting the glucose sensor
in a package system.

[0011] According to another embodiment of the inven-
tion, a glucose sensor package system for storing and
transporting a glucose sensor includes at least one glu-
cose sensor, a protective package, and at least one tem-
perature exposure indicator. The protective package
has an interior within which the at least one glucose sen-
sor is disposed, and an exterior. The at least one tem-
perature exposure indicator has first and second states,
of which the first state indicates that the protective pack-
age has not been exposed to at least one exposure tem-
perature relative to a predetermined threshold temper-
ature value, and the second state indicates that the pro-
tective package has been exposed to the at least one
exposure temperature. The at least one temperature ex-
posure indicator, in particular embodiments, is attached
to the interior of the protective package or the exterior
of the protective package, is contained within the pro-
tective package, or is attached to the glucose sensor.
[0012] In further particular embodiments, the glucose
sensor package system includes a plurality of glucose
sensors, each of which is enclosed within a separate
package. The plurality of separately packaged glucose
sensors in turn are disposed within the interior of the
protective package. In more specific embodiments, the
glucose sensor package system includes a plurality of
the at least one temperature exposure indicators, each
of which is attached to one of the separate packages.
[0013] In further embodiments, the glucose sensor
package system includes a plurality of the at least one
temperature exposure indicators, each of which pro-
vides an indication of exposure to at least one exposure
temperature relative to a different predetermined
threshold temperature value. These embodiments af-
ford more precise indications of a maximum tempera-
ture to which the package system has been exposed.
[0014] Another embodiment of the present invention
is directed to a method of transporting a glucose sensor.
The method includes the steps of providing at least one
glucose sensor. Providing a protective package having
an interior. Holding the at least one glucose sensor in
the interior of the protective package. Using at least one
temperature exposure indicator to determine if the pro-
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tective package has been exposed to at least one ex-
posure temperature relative to a predetermined thresh-
old temperature value.

[0015] A further embodiment of the present invention
is directed to a method of transporting a glucose sensor,
the method including the steps of providing a glucose
sensor package system. The package system including
at least one glucose sensor, a protective package hav-
ing an interior within which the at least one glucose sen-
sor is disposed and an exterior, and at least one tem-
perature exposure indicator having first and second
states. Transporting the glucose sensor package sys-
tem, and observing the state of the at least one temper-
ature exposure indicator to determine if the protective
package has been exposed to the at least one exposure
temperature during transport.

[0016] Additional embodiments of the method employ
a glucose sensor package system that includes a plu-
rality of the at least one temperature exposure indica-
tors, each of which provides an indication of exposure
to at least one exposure temperature relative to a differ-
ent predetermined threshold temperature value. In
these embodiments, the observing step includes an ob-
servation of the state of each of the at least one temper-
ature exposure indicators to determine if the protective
package has been exposed to at least one exposure
temperature relative to at least one of the different pre-
determined threshold values.

[0017] Packaged glucose sensors as described
above are also provided in accordance with further em-
bodiments. Further embodiments include at least one
temperature exposure indicator attached to the packag-
ing and/or to the glucose sensor.

[0018] Other features and advantages of the inven-
tion will become apparent from the following detailed de-
scription, taken in conjunction with the accompanying
drawings which illustrate, by way of example, various
features of embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A detailed description of embodiments of the
invention will be made with reference to the accompa-
nying drawings, wherein like numerals designate corre-
sponding parts in the several figures.

Fig. 1is ais a perspective view illustrating a subcu-
taneous glucose sensor insertion set and glucose
monitor device useful for understanding the inven-
tion;

Fig. 2 is an enlarged longitudinal vertical section
taken generally on the line 2-2 of Fig. 1;

Fig. 3 is an enlarged longitudinal sectional of a slot-
ted insertion needle used in the insertion set of Figs.
1and 2;

Fig. 4 is an enlarged transverse section taken gen-
erally on the line 4-4 of Fig. 3;

Fig. 5 is an enlarged transverse section taken gen-
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erally on the line 5-5 of Fig. 3;

Fig. 6 is an enlarged fragmented sectional view cor-
responding generally with the encircled region 6 of
Fig. 2;

Fig. 7 is an enlarged transverse section taken gen-
erally on the line 7-7 of Fig. 2;

Figs. 8a-c are perspective views, partially cut away,
of embodiments of glucose sensor package sys-
tems including a protective package, a glucose sen-
sor and a temperature exposure indicator, with the
temperature exposure indicator attached to the ex-
terior of the protective package, the interior of the
protective package, and the glucose sensor, re-
spectively;

Fig. 9is an exploded view of a glucose sensor pack-
age system that includes a plurality of individually
packaged glucose sensors all disposed within a
protective package, with each of the individually
packaged glucose sensors having an attached tem-
perature exposure indicator; and

Fig. 10 is a perspective view of a glucose sensor
package system including a plurality of temperature
exposure indicators;

Fig. 11 is a view of a label with multiple temperature
exposure indicators in accordance with an embod-
iment of the present invention;

Fig. 12 is a view of a portion of an "instructions for
use" in accordance with an embodiment of the
present invention;

Fig. 13 is a top plan view of a sensor fir use with an
embodiment of the present invention;

Fig. 14 is a top plan view of the sensor conductors
shown in Fig. 13; and

Fig. 15 is an enlarged, partial top plan view of the
electrodes of the sensor shown in Fig. 13.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] As shown in the drawings for purposes of illus-
tration, glucose sensors from glucose sensor package
systems embodying the invention may be used in a glu-
cose monitor system that is coupled to a subcutaneous
glucose sensor set to provide continuous data recording
of the sensor readings for a period of time. The glucose
sensor and glucose monitor may be for determining glu-
cose levels in the blood and/or bodily fluids of the user.
The glucose monitor may also include the capability to
be programmed to take data at specified time intervals
or calibrated using an initial data input received from an
external device. The glucose monitor and glucose sen-
sor are primarily adapted for use in subcutaneous hu-
man tissue. However, still further sensors may be placed
in other types tissue, such as muscle, lymph, organ tis-
sue, veins, arteries or the like, and used in animal tissue.
Examples may record sensor readings on an intermit-
tent, near continuous or continuous basis.

[0021] Due to the use of enzyme materials, or other
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complex chemistries, on the electrodes of the glucose
sensor, it is important to maintain the glucose sensor at
lower temperatures for storage and transport prior to
use. Preferably, the glucose sensor is stored in a con-
trolled temperature range of 2 to 24° C (or 36 to 75° F)
to provide a minimum long term storage time of 6
months to 2 years. However, shorter storage times of 1
month or longer storage times of 5 years (or more) may
be used. In addition, glucose sensors are preferably de-
signed to withstand 1 hour of 45° C (or 113° F) without
substantial de-nature of the glucose sensor enzyme or
chemistries.

[0022] The best approach to assure proper tempera-
ture control is to refrigerate the glucose sensors, but not
freeze them. Preferably, the glucose sensors should be
shipped in temperature controlled vehicles or in individ-
ual packages that provide temperature control during
transportation, such as with a cold pack, sufficient insu-
lation to maintain temperature after removal from refrig-
erated storage, or the like. It is anticipated that transpor-
tation may take anywhere from a few hours to three days
for the glucose sensors to arrive at their intended des-
tination, and the temperature must be maintained below
a predetermined temperature threshold during this pe-
riod. In alternative embodiments, other possibly temper-
ature sensitive materials used in the glucose sensor
may also drive the selection of a temperature range or
level.

[0023] To satisfy this temperature control need, em-
bodiments of the glucose sensor and package are aug-
mented with at least one temperature exposure indica-
tor, such as a temperature sensitive sticker, to indicate
if the glucose sensor has been exposed to excessive
temperatures or has been at elevated temperatures for
a predetermined period of time. The indicator, such as
adot, plate, sticker, packet, or the like, comprises a tem-
perature-sensitive material that turns color upon expo-
sure to elevated temperatures. Such temperature-sen-
sitive materials are well known to those skilled in the art
and are readily available commercially. Typically, tem-
perature exposure indicators can be obtained from Wahl
Instruments, Inc. of Culver City CA (Part No. 442-100F),
United Desiccants/Humidial of Colton, CA (Part No.
HD11LC43), or the like.

[0024] In preferred embodiments, the temperature
exposure indicator turns from a white (or slight gray) to
a dark gray or black after exposure to elevated temper-
atures. However, in alternative embodiments, other
color combinations may be used. If the color change
does not match the correct temperature control color,
the user knows from an "instructions for use" (see Fig.
12), which preferably are supplied with the glucose sen-
sor, not to use the glucose sensor. Preferably, the tem-
perature exposure indicator (320, 430, 530, 600, 602)-
is on the exterior of the packaging to minimize any po-
tential for contamination or reaction with the tempera-
ture indicator materials with the glucose sensor (see
Figs. 8b and 9-11). However, in alternative embodi-
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ments, the temperature exposure indicator 320 can be
placed on the interior of the package (see Fig. 8a) if
formed out of materials that will not interact with the glu-
cose sensor, or if the temperature exposure indicator is
contained in a sealed package that will prevent interac-
tion with the glucose sensor. In further embodiments,
multiple temperature exposure indicators on the pack-
aging can be used (see Figs. 10 and 11). Still further
embodiments utilize temperature exposure indicators
600 that indicate exposures to a range of temperatures,
such as a plurality of discrete temperature exposure in-
dicators that are sensitive to particular temperatures
(see Fig. 11).

[0025] According to further embodiments, the temper-
ature exposure indicator indicates when the glucose
sensor has been exposed to an exposure temperature
exceeding a predetermined temperature, for example a
temperature exceeding 100° F (or 38° C), for a prede-
termined period of time or longer, for example longer
than 60 minutes, to indicate that possible degradation
of the glucose materials may have occurred due to ele-
vated temperature exposure. Alternative embodiments
can indicate a change after exposure to elevated tem-
peratures with respect to the predetermined tempera-
ture for different time periods, for example as little as a
few seconds if very sensitive materials are used or a
specific threshold must not be exceeded, or as long as
6 hours if generally temperature insensitive materials or
better temperature-stabilized materials are used with
the selection being dependent on the temperature tol-
erance of the glucose sensor.

[0026] In addition, other embodiments can include
temperature exposure indicators that are sensitive to
lower elevated temperatures, such as 80° F (or 27° C),
75° F (or 24° C), or the like, which is closely associated
with the preferred maximum long term storage temper-
ature. If lower temperatures are used, the exposure time
required to cause a change in the temperature exposure
indicator can be lengthened if desired. It is also noted
that the temperature exposure indicators may respond
(by the color change) at more rapid rates for higher tem-
peratures. For instance, a few minutes' exposure to
200° F (or 93° C) heat may cause a temperature expo-
sure indicator (that normally takes 1 hour to change at
100° F (or 38° C)) to change and indicate degradation
in the glucose sensor. Proper temperature control as-
sures the user that the glucose sensors will operate
properly and have not suffered degradation to the en-
zyme, or other temperature sensitive materials, that
could effect the safe use of the device.

[0027] Thus, in particular embodiments, the temper-
ature exposure indicator can provide an indication of ex-
posure to exposure temperatures relative to the prede-
termined temperature that occur for time periods that
vary with the difference between the exposure temper-
ature and the predetermined temperature. That is, the
period of time t, is a function F of a magnitude of a dif-
ference A between the exposure temperature t, and the
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predetermined temperature ty. Depending on the spe-
cific temperature-sensitive material used in the temper-
ature exposure indicator, the functional relationship can
be one of proportionality, e.g., t, = kA, with k being a
constant that is characteristic of the specific material; an
exponential relationship, e.g., t; = kyexp(k, A), where k,
and k, are constants; or another functional relationship.
The particular functional relationship will depend on the
specific temperature-sensitive material employed, and
can readily be determined by the routineer without un-
due experimentation. In other embodiments, the tem-
perature sensitive material changes immediately upon
exposure to a temperature above a specific threshold,
such that it changes in fractions of a second, seconds
or after longer periods.

[0028] Figs. 8a-c illustrate embodiments of a glucose
sensor package system according to embodiments of
the present invention including a glucose sensor 300, a
protective package 310 having an interior 312 and an
exterior 314, and a temperature exposure indicator 320.
In Fig. 8a, glucose sensor 300 is disposed in interior 312
of protective package 310, and temperature exposure
indicator 320 is attached to the interior 312 of protective
package 310. In Fig. 8b, glucose sensor 300 is likewise
disposed within interior 312, but a temperature expo-
sure indicator 320 is attached to the exterior 314 of pro-
tective package 310. In Fig. 8c, a temperature exposure
indicator 320 is attached directly to glucose sensor 300,
which in turn is disposed within interior 312 of protective
package 310.

[0029] In Fig. 9, glucose sensor package system 400
includes a plurality of glucose sensors 410 each pack-
aged in a separate package 412. The packaged glucose
sensors 410 in turn are disposed within the interior 422
of protective package 420. A separate temperature ex-
posure indicator 430 is affixed to each package 412. If
desired, separate temperature exposure indicators can
also be affixed to the protective package 420 in a man-
ner similar to that described in connection with Figs. 8a-
b.

[0030] In Fig. 10, a glucose sensor package system
500 includes a protective package 510 having an interior
512 within which glucose sensor 520 is disposed. A plu-
rality of temperature exposure indicators 530 are at-
tached to the protective package 510. Each of the plu-
rality of temperature exposure indicators 530 preferably
provides an indication of exposure to an exposure tem-
perature relative to a different predetermined tempera-
ture value. For example, a first temperature exposure
indicator can indicate exposure to an exposure temper-
ature relative to 80° F (or 27° C), 75° F (or 24° C), or
the like, a second temperature exposure indicator can
indicate exposure to an exposure temperature relative
to 100° F, a third temperature exposure indicator can
indicate exposure to an exposure temperature relative
to 120° F (or 49° C), and so on. Further particular em-
bodiments also include temperature exposure indica-
tors that provide an indication that the exposure temper-
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ature relative to the predetermined temperature existed
for a predetermined period of time.

[0031] The glucose sensors may be sterilized by elec-
tron beam sterilization with a preferred single dose of
2.0 Mrads (or 20 kGy). However, smaller dose levels
may be used if sufficient sterilization may be achieved
at the lower dose, such as for example 0.5 Mrads (5
kGy). Larger doses may also be used, if the glucose
sensor materials are selected and assembled to with-
stand doses up to 5.0 Mrads (50 kGy). The glucose sen-
sors are preferably sterilized in accordance with "ANSI/
AAMI ST31-190 Guideline for Electron Beam Radiation
Sterilization of Medical Devices, Method B1" and/or
"ISO 11137:1995 Sterilization of Health Care Products
- Validation and Routine Control - Gamma and Electron
Beam Radiation Sterilization, Dose Selection Method
1". The sensor materials are carefully selected with re-
gard to housing materials, cannula materials, glucose
sensor substrate, electrodes, membranes, enzyme
chemistry, lubricants, insertion needle materials and the
packaging materials, and manufacturing tolerances to
assure the ability to withstand electron beam steriliza-
tion and the continued proper operation of the glucose
sensor after sterilization. However, other radiation ster-
ilization methods, such as gamma radiation, or the like,
or other chemical methods, such as ETO, or the like,
may be used.

[0032] Preferred embodiments of the glucose sensor
with the packaging include at least one sterilization in-
dicator that indicates when the glucose sensor and
packaging have been exposed to an electron beam ster-
ilization procedure. The sterilization indicator, such as a
dot, plate, sticker, packet, or the like, turns color upon
exposure to the electron beam. In preferred embodi-
ments, the sterilization indicator turns from a mustard
yellow color or orange yellow to a red or reddish orange
color after sterilization. However, in alternative embod-
iments, other color combinations may be used. If the
color change does not match the correct sterilization
color, the user knows from an "instructions for use" (see
Fig. 12) not to use the glucose sensor. Preferably, the
sterilization indicator is on the exterior of the packaging
to minimize any potential for contamination or reaction
of the sticker materials with the glucose sensor. Howev-
er, in alternative embodiments, the sterilization indicator
may be placed on the interior of the package if formed
out of materials that will not interact with the glucose
sensor or if the indicator is contained in a sealed pack-
age that will prevent interaction with the glucose sensor.
In further embodiments, multiple indicators, or stickers,
on the packaging may be used. Typical sterilization in-
dicators may be obtained from NAMSA Products of Ken-
nesaw, GA (Part No. CPI-RO3). In addition, the sterili-
zation indicators can be attached to the packaging and/
or glucose sensors in a manner similar to that for tem-
perature exposure indicators as shown in Figs. 8a-11
and described above.

[0033] As shown in Figs. 13-15, further glucose sen-
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sors 700 are directed towards optimizing the size, shape
and orientation of the glucose sensor electrodes that
come in contact with the interstitial fluid during glucose
sensing. In preferred examples, the glucose sensor 700
includes three electrodes (a working electrode 702, a
counter electrode 704 and a reference electrode 706).
To optimize the electrochemistry of the glucose sensing
reaction, it is preferred that the counter electrode 704 is
the largest electrode, the working electrode 702 (i.e., the
one with enzymes, or the like) is the next largest elec-
trode and the reference electrode 706 is the smallest
electrode. Preferably, the counter electrode 704 is as
large as possible and consistent with sensor insertion
requirements to minimize pain on insertion of the sensor
into the body of the user. For instance, to fit within a 22
gauge needle. However, alternative examples may be
sized to fit other gauge needles ranging from 18 gauge
to 30 gauge. In addition, making the working electrode
a different size effects the amount of enzyme that can
be placed on the working electrode and affects the over-
all life of the glucose sensor. In further preferred exam-
ples, it has been found to optimize the current paths and
the electrochemistry to have the working electrode 702
located between the counter electrode 704 and the ref-
erence electrode 706. In additional examples, it is pre-
ferred that the electrode (i.e., conductors) have a line
width of 50um to assure good electrical conduction of a
sensor signal. However, smaller widths down to 10um
and anything larger can be used if a sufficient signal ac-
curacy is provided and the sensor can fit within a needle
as described above.

[0034] Additional specific embodiments of the glu-
cose sensor include a temperature exposure indicator
as described above attached directly to the sensor.
[0035] Turning again to the figures, the above may be
used with the glucose monitor system 1, that includes a
subcutaneous glucose sensor set 10, and a glucose
monitor 100. The subcutaneous glucose sensor set 10
utilizes an electrode-type sensor, as described in more
detail below. However, in alternative examples, the glu-
cose sensor may use other types of sensors, such as
chemical based, optical based or the like. In further al-
ternative examples, the sensors may be of a type that
is used on the external surface of the skin or placed be-
low the skin layer of the user. Preferred examples of a
surface mounted glucose sensor would utilize interstitial
fluid harvested from the skin.

[0036] The glucose monitor 100 generally includes
the capability to record and store data as it is received
from the glucose sensor 10, and then includes either a
data port or wireless transmitter for downloading the da-
ta to a data processor 200, computer, communication
station, or the like for later analysis and review. The data
processor 200, computer, or the like, utilizes the record-
ed data from the glucose monitor to determine the blood
glucose history. Preferably, any port would be water
proof (or water resistant) or include a water proof remov-
able cover. The purpose of the glucose monitor system
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1 is to provide for better data recording and testing for
various patient conditions utilizing continuous or near
continuous data recording.

[0037] The glucose monitor system 1 also removes
inconvenience by separating the complicated monitor-
ing process electronics into two separate devices; a glu-
cose monitor 100, which attaches to the glucose sensor
set 10; and a data processor 200, computer, communi-
cation station, or the like, which contains the software
and programming instructions to download and evalu-
ate data recorded by the glucose monitor 100. In addi-
tion, the use of multiple components (e.g., glucose mon-
itor 100 and data processor 200, computer, communi-
cation station, or the like) facilitates upgrades or re-
placements, since one module, or the other, can be
modified or replaced without requiring complete re-
placement of the monitor system 1. Further, the use of
multiple components can improve the economics of
manufacturing, since some components may require re-
placement on a more frequent basis, sizing require-
ments may be different for each module, different as-
sembly environment requirements, and modifications
can be made without affecting the other components.
[0038] The glucose monitor 100 takes raw glucose
sensor data, such as glucose data or the like, from the
subcutaneous glucose sensor set 10 and assesses it
during real-time and/or stores it for later download to the
data processor 200, computer, communication station,
or the like, which in turn analyzes, displays and logs the
received glucose readings. Logged data can be ana-
lyzed further for detailed data analysis. In further exam-
ples, the glucose monitor system 1 may be used in a
hospital environment or the like. Still further examples
may include one or more buttons 122, 124, 126 and 128
on the glucose monitor 100 to program the monitor 100,
to record data and events for later analysis, correlation,
or the like. In addition, the glucose monitor may include
an on/off button 130 for compliance with safety stand-
ards and regulations to temporarily suspend transmis-
sions or recording. The glucose monitor 100 may also
be combined with other medical devices to combine oth-
er patient data through a common data network and te-
lemetry system. In alternative examples, the glucose
monitor may be designed as a Holter-type system that
includes a Holter-type recorder that interfaces with a
glucose monitor, processor, computer, or the like, such
as disclosed in U.S. Patent Application No. 09/246,661
filed February 5, 1999 and entitled "An Analyte Sensor
and Holter-Type Monitor System and Method of Using
the Same", and U.S. Patent Application Serial No.
09/377,472 filed August 19, 1999 and entitled "Teleme-
tered Characteristic Monitor System and Method of Us-
ing the Same".

[0039] Asshownin Figs. 1-7, a glucose sensor set 10
is provided for subcutaneous placement of a flexible
sensor 12 (see Fig. 2), or the like, at a selected site in
the body of a user. The implantable glucose sensor set
10 includes a hollow, slotted insertion needle 14, and a
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cannula 16. The needle 14 is used to facilitate quick and
easy subcutaneous placement of the cannula 16 at the
subcutaneous insertion site. The cannula 16 includes a
sensing portion 18 of the sensor 12 to expose one or
more sensor electrodes 20 to the user's bodily fluids
through a window 22 formed in the cannula 16. After
insertion, the insertion needle 14 is withdrawn to leave
the cannula 16 with the sensing portion 18 and the sen-
sor electrodes 20 in place at the selected insertion site.
[0040] In preferred exgmples, the implantable subcu-
taneous glucose sensor set 10 facilitates accurate
placement of a flexible thin film electrochemical sensor
12 of the type used for monitoring specific blood param-
eters representative of a user's condition. Preferably,
the sensor 12 monitors blood glucose levels, and may
be used in conjunction with automated or semi-automat-
ed medication infusion pumps of the external orimplant-
able type as described in U.S. Pat. Nos. 4,562,751;
4,678,408; 4,685,903 or 4,573,994, to deliver insulin to
a diabetic patient.

[0041] Preferred examples of the flexible electro-
chemical sensor 12 are constructed in accordance with
thin film mask techniques to include elongated thin film
conductors embedded or encased between layers of a
selected insulative material such as polyimide film or
sheet. The sensor electrodes 20 at a tip end of the sens-
ing portion 18 are exposed through one of the insulative
layers for direct contact with patient blood, or other bod-
ily fluids, when the sensor 12 is subcutaneously placed
at an insertion site. The sensing portion 18 is joined to
a connection portion 24 (see Fig. 2) that terminates in
conductive contact pads, or the like, which are also ex-
posed through one of the insulative layers. In alternative
examples, other types of implantable glucose sensors,
such as chemical based, optical based, or the like, may
be used.

[0042] Asisknown inthe art, and illustrated schemat-
ically in Fig. 2, the connection portion 24 and the contact
pads are generally adapted for a direct wired electrical
connection to a suitable sensor monitor for monitoring
a user's condition in response to signals derived from
the sensor electrodes 20. Further description of flexible
thin film sensors of this general type are be found in U.
S. Patent. No. 5,391,250, entitled METHOD OF FABRI-
CATING THIN FILM SENSORS. The connection portion
24 may be conveniently connected electrically to the
sensor monitor (not shown), a glucose monitor 140, or
a data processor 200, computer, communication sta-
tion, or the like, by a connector block 28 (or the like) as
shown and described in U.S. Pat. No. 5,482,473, enti-
tled FLEX CIRCUIT CONNECTOR, Thus, subcutane-
ous sensor sets 10 are configured or formed to work with
either a recording, wired or a wireless system.

[0043] The sensor 12 is mounted in a mounting base
30 adapted for placement onto the skin of a user. As
shown, the mounting base 30 is a generally rectangular
pad having an underside surface coated with a suitable
pressure sensitive adhesive layer 32, with a peel-off pa-
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per strip 34 normally provided to cover and protect the
adhesive layer 32, until the sensor set 10 is ready for
use. As shown in Figs. 1 and 2, the mounting base 30
includes upper and lower layers 36 and 38, with the con-
nection portion 24 of the flexible sensor 12 being sand-
wiched between the layers 36 and 38. The connection
portion 24 has a forward section joined to the sensing
portion 18 of the sensor 12, which is folded angularly to
extend downwardly through a bore 40 formed in the low-
er base layer 38. In preferred examples, the adhesive
layer 32 includes an anti-bacterial agent to reduce the
chance of infection; however, alternative examples may
omit the agent. In further alternative examples, the
mounting base may be other shapes, such as circular,
oval, hour-glass, butterfly or the like.

[0044] The insertion needle 14 is adapted for slide-fit
reception through a needle port 42 formed in the upper
base layer 36 and further through the lower bore 40 in
the lower base layer 38. As shown, the insertion needle
14 has a sharpened tip 44 and an open slot 46 which
extends longitudinally from the tip 44 at the underside
of the needle 14 to a position at least within the bore 40
in the lower base layer 36. Above the mounting base 30,
the insertion needle 14 may have a full round cross-sec-
tional shape, and may be closed off at a rear end of the
needle 14. Further description of the needle 14 and the
sensor set 10 are found in U.S. Patent No. 5,586,553,
entitled "TRANSCUTANEOUS SENSOR INSERTION
SET" and co-pending U.S. Patent Application Serial No.
09/346,835 filed July 2, 1999, entitled "INSERTION SET
FOR A TRANSCUTANEOUS SENSOR".

[0045] The cannula 16 is best shown in Figs. 6 and 7,
and includes a first portion 48 having partly-circular
cross-section to fit within the insertion needle 14 that
extends downwardly from the mounting base 30. In al-
ternative examples, the first portion 48 may be formed
with a solid core; rather than a hollow core. In preferred
examples, the cannula 16 is constructed from a suitable
medical grade plastic or elastomer, such as poly-
tetrafluoroethylene, silicone, or the like. The cannula 16
also defines an open lumen 50 in a second portion 52
for receiving, protecting and guideably supporting the
sensing portion 18 of the sensor 12. The cannula 16 has
one end fitted into the bore 40 formed in the lower layer
38 of the mounting base 30, and the cannula 16 is se-
cured to the mounting base 30 by a suitable adhesive,
ultrasonic welding, snap fit or other selected attachment
method. From the mounting base 30, the cannula 16 ex-
tends angularly downwardly with the first portion 48
nested within the insertion needle 14, and terminates
slightly before the needle tip 44. At least one window 22
is formed in the lumen 50 near the implanted end 54, in
general alignment with the sensor electrodes 20, to per-
mit direct electrode exposure to the user's bodily fluid
when the sensor 12 is subcutaneously placed.

[0046] AsshowninFigs. 1 and 2, the glucose monitor
100 is coupled to a subcutaneous glucose sensor set
10 by a cable 102 through a connector 104 that is elec-
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trically coupled to the connector block 28 of the connec-
tor portion 24 of the subcutaneous glucose sensor set
10. In preferred examples, the plug connector 103 of the
cable 102 is connected to the glucose monitor 100
through a plug receptacle 105. In alternative examples,
the cable 102 may be omitted, and the glucose monitor
100 may include an appropriate connector (not shown)
for direct connection to the connector portion 24 of the
subcutaneous glucose sensor set 10 or the subcutane-
ous glucose sensor set 10 may be modified to have the
connector portion 24 positioned at a different location,
such as for example, the top of the subcutaneous sensor
set 10 to facilitate placement of the telemetered charac-
teristic monitor transmitter over the subcutaneous sen-
sor set 10. This would minimize the amount of skin sur-
face covered or contacted by medical devices, and tend
to minimize potential electrical interference induced by
movement of the subcutaneous glucose sensor set 10
relative to the telemetered characteristic monitor trans-
mitter 100. In further alternative examples, the cable 102
and the connector 104 may be formed as add-on adapt-
ers to fit different types of connectors on different types
or kinds of sensor sets. The use of adapters would fa-
cilitate adaptation of the glucose monitor 100 to work
with a wide variety of sensor systems.

[0047] The glucose monitor 100 includes a housing
106 that supports a printed circuit board 108, batteries
110, memory storage 112, the cable 102 with the plug
connector 103, and the plug receptacle 105. In preferred
exgmples, the housing 106 is formed from an upper
case 114 and a lower case 116 that are sealed with an
ultrasonic weld to form a waterproof (or resistant) seal
to permit cleaning by immersion (or swabbing) with wa-
ter, cleaners, alcohol or the like. In preferred embodi-
ments, the upper and lower case 114 and 116 are
formed from a medical grade plastic. However, in alter-
native examples, the upper case 114 and lower case
116 may be connected together by other methods, such
as snap fits, sealing rings, RTV (silicone sealant) and
bonded together, or the like, or formed from other ma-
terials, such as metal, composites, ceramics, or the like.
In preferred examples, the housing 106 is generally rec-
tangular. However, in alternative examples, other
shapes, such as hour glass, disk, oval shaped, or the
like, may be used. Preferred examples of the housing
106 are sized in the range of 3.0 square inches (19.4
cm2) by 0.5 inches (1.3 cm) thick. However, larger or
smaller sizes, such as 0.5 square inches (3.2 cm2) and
0.15inches (0.4 cm) thick or less, and 5.0 square inches
(32.3 cm?2) and 1.0 inches (2.5 cm) thick or more, may
be used.

[0048] Asshown, the lower case 116 may have an un-
derside surface that includes a belt clip 118 (or the like)
to attach to a user's clothing. In other examples, the un-
derside surface is coated with a suitable pressure sen-
sitive adhesive layer, with a peel-off paper strip normally
provided to cover and protect the adhesive layer, until
the glucose monitor 100 is ready for use. In preferred
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examples, the adhesive layer includes an anti-bacterial
agent to reduce the chance of infection; however, alter-
native examples may omit the agent. In further alterna-
tive examples, the glucose monitor 100 is secured to the
body by other methods, such as an adhesive overdress-
ing, straps, belts, clips or the like.

[0049] In preferred examples, the cable 102 should
also include a flexible strain relief portion (not shown) to
minimize strain on the subcutaneous sensor set 10 and
prevent movement of the implanted sensor 12, which
can lead to discomfort or dislodging of the glucose sen-
sor set 10. The flexible strain relief portion is intended
to minimize sensor artifacts generated by user move-
ments that causes the subcutaneous glucose sensor set
10 to move relative to the glucose monitor 100.

[0050] The interface via the plug receptacle 105 of the
glucose monitor 100 connects with the cable plug 103
of the cable 102 that is connected with the subcutane-
ous sensor set 10 via the connector 104. In preferred
examples, the sensor interface may be configured in the
form of a jack to accept different types of cables that
provide adaptability of the glucose monitor 100 to work
with different types of subcutaneous glucose sensors
and/or glucose sensors placed in different locations of
the user's body. However, in alternative examples, the
sensor interface is permanently connected to the cable
102. In preferred examples, the printed circuit board
108, and associated electronics, are capable of operat-
ing in a temperature range of 0° C and 50° C. However,
larger or smaller temperature ranges may be used.
[0051] Preferably, the battery assembly will use a
weld tab design to connect power to the system. For ex-
ample, it can use three series silver oxide 357 battery
cells 110, or the like. However, it is understood that dif-
ferent battery chemistries may be used, such as lithium,
alkaline or the like, and different numbers of batteries
can be used. In further examples, the sensor interface
will include circuitry and/or a mechanism for detecting
connection to the subcutaneous glucose sensor set 10.
This would provide the capability to save power and to
more quickly and efficiently start initialization of the sub-
cutaneous glucose sensor set 10. In preferred exam-
ples, the batteries 110 have a life in the range of 3
months to 2 years, and provide a low battery warning
alarm. Alternative examples, may provide longer or
shorter battery lifetimes, or include a power port or solar
cells to permit recharging of the batteries 110 in the glu-
cose monitor 100.

[0052] In preferred examples, the glucose monitor
100 provides power, through plug receptacle 105 to the
cable plug 103 of the cable 102 and then through the
cable connector 104 to the glucose sensor set 10. The
power is used to drive the glucose sensor set 10. The
power connection is also used to speed the initialization
of the sensor 12, when it is first placed under the skin.
The use of an initialization process can reduce the time
for sensor 12 stabilization from several hours to an hour
or less. The preferred initialization procedure uses a two
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step process. First, a high voltage (preferably between
1.0-1.2 volts - although other voltages may be used) is
applied to the sensor 12 for 1 to 2 minutes (although
different time periods may be used) to allow the sensor
12 to stabilize. Then, a lower voltage (preferably be-
tween 0.5-0.6 volts - although other voltages may be
used) is applied for the remainder of the initialization
process (typically 58 minutes or less). Other stabiliza-
tion/initialization procedures using differing currents,
currents and voltages, different numbers of steps, or the
like, may be used. Other examples may omit the initial-
ization/stabilization process, if not required by the glu-
cose sensor or if timing is not a factor.

[0053] Atthe completion of the stabilizing process, an
initial reading may be downloaded from the glucose sen-
sor set 10 and the glucose monitor 100 to the data proc-
essor 200, computer, communication station, or the like,
to verify proper operation of the glucose sensor 10 and
the glucose monitor 100. In alternative examples, a fluid
containing a known value of glucose may be injected
into the site around the glucose sensor set 10, and then
the reading sent to the glucose monitor 100 records the
data for the known value to provide a reference point to
the recorded data, such as disclosed in U.S. Patent Ap-
plication Serial No. 09/161,128, filed September 25,
1998, entitled "A SUBCUTANEOUS IMPLANTABLE
SENSOR SET HAVING THE CAPABILITY TO RE-
MOVE OR DELIVER FLUIDS TO AN INSERTION
SITE," now U.S. Patent No. 5,951,521. During the sta-
bilization process, the glucose monitor 100 checks to
determine if the glucose sensor set 10 is still connected.
If the glucose sensor set 10 is no longer connected, the
glucose monitor 100 will abort the stabilization process
and sound an alarm (or flash a light, or download a sig-
nal to the data processor 200, computer, communication
station, or the like, to sound an alarm).

[0054] In further alternative examples, the glucose
monitor 100 can be combined with a glucose sensor set
10 as a single unit. This would be particularly well adapt-
ed where batteries and the glucose monitor 100 can be
made cheaply enough to facilitate changing the glucose
monitor 100 with each new glucose sensor set 10, such
as in a Holter-type monitor, or the like.

[0055] As shown in Fig. 2, the data processor 200,
computer, communication station, or the like, may in-
clude a display 214 that is used to display the results of
the measurement received from the sensor 18 in the glu-
cose sensor set 10 received via a download from the
glucose monitor 100. The results and information dis-
played includes, but is not limited to, trending informa-
tion of the characteristic (e.g., rate of change of glu-
cose), graphs of historical data, average characteristic
levels (e.g., glucose), or the like. Alternative examples
include the ability to scroll through the data. The display
214 may also be used with buttons (not shown) on the
data processor 200, computer, communication station,
or the like, characteristic monitor to program or update
data in the data processor 200. In preferred examples,
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the glucose monitor 100 includes a display 132 to assist
the user in programming the glucose monitor 100, en-
tering data, stabilizing, calibrating, downloading data, or
the like.

[0056] In further examples, the data processor 200,
computer, communication station, or the like, may be re-
placed by a different device. For example, in one exam-
ple, the glucose monitor 100 communicates with an RF
programmer (not shown) that is also used to program
and obtain data from an infusion pump or the like. The
RF programmer may also be used to update and pro-
gram the glucose monitor 100, if the glucose monitor
100 includes a receiver for remote programming, cali-
bration or data receipt. The RF programmer can be used
to store data obtained from the sensor 18 and then pro-
vide it to either an infusion pump, characteristic monitor,
computer or the like for analysis. In further examples,
the glucose monitor 100 may transmit the data to a med-
ication delivery device, such as an infusion pump or the
like, as part of a closed loop system. This would allow
the medication delivery device to compare sensor re-
sults with medication delivery data and either sound
alarms when appropriate or suggest corrections to the
medication delivery regimen. In preferred embodi-
ments, the glucose monitor 100 would include a trans-
mitter to receive updates or requests for additional sen-
sor data. An example of one type of RF programmer can
be found in U.S. Patent Application Serial No.
09/334,858 filed June 17, 1999 and is entitled "INFU-
SION DEVICE WITH REMOTE PROGRAMMING,
CARBOHYDRATE CALCULATOR AND/OR VIBRA-
TION ALARM CAPABILITIES".

[0057] Additional embodiments of the present inven-
tion may include a vibrator alarm (or optical indicator
such as an L.E.D.) in the either, or both, the glucose
monitor 100 to provide a tactile (vibration) alarm to the
user, so as to indicate a glucose sensor set malfunction,
improper connection, low battery, missed message, bad
data, interference, or the like. The use of a vibration
alarm provides additional reminders to an audio alarm,
which could be important with someone suffering an
acute reaction, or to have non-audio alarms to preserve
and conceal the presence of the glucose monitor.
[0058] While the description above refers to particular
embodiments of the present invention, it will be under-
stood that many modifications may be made. The ac-
companying claims are intended to cover such modifi-
cations.

[0059] The presently disclosed embodiments are
therefore to be considered in all respects as illustrative
and not restrictive, the scope of the invention being in-
dicated by the appended claims, rather than the forego-
ing description.

Claims

1. A glucose sensor package system (400, 500) for
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storing and transporting a glucose sensor, the sys-
tem comprising:

at least one glucose sensor(300, 410, 520);

a protective package (310, 420, 510) having an
interior (312, 422, 512) to hold the at least one
glucose sensor in the interior of the protective
package; and

a temperature exposure indicator (320, 430,
520) to determine if the protective package has
been exposed to an exposure temperature rel-
ative to a predetermined temperature value.

The glucose sensor package system according to
claim 1, wherein the exposure temperature is above
the predetermined temperature, and wherein the
temperature exposure indicator (320, 430, 520) in-
dicates exposure to the exposure temperature.

The glucose sensor package system according to
claim 2, wherein the predetermined temperature is
75° F (23°C) or 100°F (37°C) and the exposure
temperature exceeds the predetermined tempera-
ture.

The glucose sensor package system according to
claim 1, wherein the exposure temperature is below
the predetermined temperature, and wherein the
temperature exposure indicator (320, 430, 520) in-
dicates exposure to the exposure temperature.

The glucose sensor package system according to
claim 4, wherein the predetermined temperature is
36°F (2°C) and the exposure temperature is below
36°F (2°C).

The glucose sensor package system according to
claim 1, wherein the temperature exposure indica-
tor 9320, 430, 520) indicates that the exposure tem-
perature relative to the predetermined temperature
existed for a predetermined period of time.

The glucose sensor package system according to
claim 6, wherein the period of time is established as
a function of a magnitude of a difference between
the exposure temperature and the predetermined
temperature.

The glucose sensor package system according to
claim 6 or 7, wherein the period of time is at least
10 minutes.

The glucose sensor package system according to
claim 8, wherein the period of time is at least 60 min-
utes.

The glucose sensor package system according to
preceding claim, wherein the temperature exposure
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indicator (320) is attached to the protective package
(310).

The glucose sensor package system according to
any one of claims 1 to 10, wherein the temperature
exposure indicator (320) is attached to the interior
(312) of the protective package (310) or is attached
to an exterior (314) of the protective package (310)
or is contained within the protective package (310).

The glucose sensor package system according to
any one of claims 1 to 9, wherein the temperature
exposure indicator (320) is attached to the glucose
sensor (300).

The glucose sensor package system according to
any preceding claim, wherein the temperature ex-
posure indicator (320, 430, 520) is a sticker.

A method of transporting a glucose sensor, using a
glucose sensor package system according to any
preceding claim.

A glucose sensor package system according to any
one of claims 1 to 13, wherein the protective pack-
age (310) has an exterior (314); and

the temperature exposure indicator (320) has
first and second states, the first state indicating that
the protective package has not been exposed to an
exposure temperature relative to a predetermined
temperature value, the second state indicating that
the protective package has been exposed to the ex-
posure temperature.

The glucose sensor package system of claim 15,
comprising a plurality of glucose sensors (410)
each of which is enclosed within a separate pack-
age (412), the plurality of packaged glucose sen-
sors (410) in turn being disposed within the interior
of the protective package (422).

The glucose sensor package system of claim 15 or
16, comprising a plurality of temperature exposure
indicators (430) each of which is attached to one of
the separate packages (412).

The glucose sensor package system of claim 15,
comprising a plurality of temperature exposure in-
dicators (412) each of which provides an indication
of exposure to an exposure temperature relative to
a different predetermined temperature value.

A method of transporting a glucose sensor, the
method comprising the steps of:

a) providing a glucose sensor package system
according to any one of claims 1 to 13, or any
one of claims 15 to 18;
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b) transporting the glucose sensor packaging
system; and

c) observing the state of the temperature expo-
sure indicator to determine if the protective
package has been exposed to the exposure
temperature during transport.

20. The method according to claim 19, wherein the glu-

cose sensor package system comprises a plurality
of temperature exposure indicators (320, 430, 510)
each of which provides an indication of exposure to
an exposure temperature relative to a different pre-
determined temperature value, and wherein in step
c) the state of each temperature exposure indicator
is observed to determine if the protective package
has been exposed to an exposure temperature rel-
ative to at least one of the different predetermined
values.

Patentanspriiche

Halterungssystem (400, 500) fir Glucosesensor fiir
das Aufbewahren und Transportieren eines Gluco-
sesensors, wobei das System aufweist:

mindestens einen Glucosesensor (300, 410,
520);

ein Schutzgehause (310, 420, 510) mit einem
Innenraum (312, 422, 512), um den minde-
stens einen Glucosesensor im Innenraum des
Sohutzgehauses zu halten; und

eine  Temperatureinwirkungsanzeigeeinrich-
tung (320, 430, 520), um zu ermitteln, ob das
Schutzgehause einer Einwirkungstemperatur
relativ zu einem vorgegebenen Temperatur-
wert ausgesetzt wurde.

2. Halterungssystem fir Glucosesensor nach An-

spruch 1, bei dem die Einwirkungstemperatur Gber
der vorgegebenen Temperatur liegt, und bei dem
die Temperatureinwirkungsanzeigeeinrichtung
(320, 430, 520) das Ausgesetztsein der Einwir-
kungstemperatur anzeigt.

Halterungssystem fiir Glucosesensor nach An-
spruch 2, bei dem die vorgegebene Temperatur
75°F (23°C) oder 100°F (37°C) betragt und die Ein-
wirkungstemperature die vorgegebene Temperatur
Ubersteigt.

Halterungssystem fir Glucosesensor nach An-
spruch 1, bei dem die Einwirkungstemperatur un-
terhalb der vorgegebenen Temperatur ist, und bei
der die Temperatureinwirkungsanzeigeeinrichtung
(320, 430, 520) das Ausgesetztsein der Einwir-
kungstemperatur anzeigt.
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Halterungssystem fiir Glucosesensor nach An-
spruch 4, bei dem die vorgegebene Temperatur
36°F (2°C) betragt und die Einwirkungstemperatur
unterhalb 36°F (2°C) liegt.

Halterungssystem fir Glucosesensor nach An-
spruch 1, bei dem die Temperatureinwirkungsan-
zeigeeinrichtung (320, 430, 520) anzeigt, dal die
Einwirkungstemperatur relativ zur vorgegebenen
Temperatur (iber eine vorgegebene Zeitdauer be-
stand.

Halterungssystem fiir Glucosesensor nach An-
spruch 6, bei dem die Zeitdauer als eine Funktion
einer GroRe eines Untaschiedes zwischen der Ein-
wirkungstemperatur und der vorgegebenen Tempe-
ratur festgelegt wird.

Halterungssystem fiir Glucosesensor nach An-
spruch 6 oder 7, bei dem die Zeitdauer mindestens
10 Minuten betragt.

Halterungssystem fiir Glucosesensor nach An-
spruch 8, bei dem die Zeitdauer mindestens 60 Mi-
nuten betragt.

Halterungssystem fiir Glucosesensor nach einem
der vorhergehenden Anspriiche, bei dem die
Temperatureinwirkungsanzeigeeinrichtung  (320)
am Schutzgehause (310) befestigt ist.

Halterungssystem fiir Glucosesensor nach einem
der Anspriche 1 bis 10, bei dem die Temperatur-
einwirkungsanzeigeeinrichtung (320) am Innen-
raum (312) des Schutzgehauses (310) oder an ei-
ner AulBenseite (314) des Schutzgehauses (310)
befestigt oder innerhalb des Schutzgehauses (310)
enthalten ist.

Halterungssystem fiir Glucosesensor nach einem
der Anspriiche 1 bis 9, bei dem die Temperaturein-
wirkungsanzeigeeinrichtung (320) ein Glucosesen-
sor (300) befestigt ist.

Halterungssystem fiir Glucosesensor nach einem
der vorhergehenden Anspriiche, bei dem die
Temperatureinwirkungsanzeigeeinrichtung (320,
430, 520) ein Aufkleber ist.

Verfahren zum Transportieren eines Glucosesen-
sors bei Verwendung eines Halterungssystems fiir
Glycosesensor nach einem der vorhergehenden
Anspriiche.

Halterungssystem fiir Glucosesensor nach einem
der Anspruche 1 bis 13, bei dem das Schutzgehau-
se (310) eine AuRenseite (314) aufweist; und

die Temperatureinwirkungsanzeigeeinrich-
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tung (320) einen ersten und zweiten Zustand auf-
weist, wobei der erste Zustand anzeigt, dal} das
Schutzgehduse nicht einer Einwirkungstemperatur
relativ zu einem vorgegebenen Temperaturwert
ausgesetzt wurde, wobei der zweite Zustand an-
zeigt, dal das Schutzgehause der Einwirkungstem-
peratur ausgesetzt wurde.

Halterungssystem fiir Glucosesensor nach An-
spruch 15, das eine Vielzahl von Glucosesensoren
(410) aufweist, von denen ein jeder innerhalb eines
separaten Gehauses (412) eingeschlossen ist, wo-
bei die Vielzahl der verpackten Glucosesensoren
(410) wiederum innerhalb des Innenraumes des
Schutzgehauses (422) angeordnet ist.

Halterungssystem fiir Glucosesensor nach An-
spruch 15 oder 16, das eine Vielzahl von
Temperatureinwirkungsanzeigeeinrichtung  (430)
aufweist, von denen eine jede an einem der sepa-
raten Gehause (412) befestigt ist.

Halterungssystem fiir Glucosesensor nach An-
spruch 15, das eine Vielzahl von Temperaturanzei-
geeinrichtungen (412) aufweist, von denen eine je-
de eine Anzeige des Ausgesetztseins einer Einwir-
kungstemperatur relativ zu einem abweichenden
vorgegebenen Temperaturwert bereitstellt.

Verfahren zum Transportieren eines Glucosesen-
sors, wobei das Verfahren die folgenden Schritte
aufweist:

a) Bereitstellen eines Halterungssystems fir
Glucosesensor nach einem der Anspriiche 1
bis 13 oder einem der Anspriiche 15 bis 18;
b) Transportieren des Halterungssystems fiir
Glucosesensor; und

c) Beobachten des Zustandes der Temperatur-
einwirkungsanzeigeeinrichtung um zu ermit-
teln, ob das Sohutzgehause der Einwirkungs-
temperatur wahrend des Transportes ausge-
setzt wurde.

Verfahren nach Anspruch 19, bei dem das Halte-
rungssystem fir Glucosesensor eine Vielzahl von
Temperatureinwirkungsanzeigeeinrichtungen (320,
430, 510) aufweist, von denen eine jede eine An-
zeige des Ausgesetztseins einer Einwirkungstem-
peratur relativ zu einem abweichenden vorgegebe-
nen Temperaturwert bereitstellt, und bei dem beim
Schritt ¢) der Zustand einer jeden Temperaturein-
wirkungsanzeigeeinrichtung beobachtet wird, um
zu ermitteln, ob das Sohutzgehause einer Einwir-
kungstemperatur relativ zu mindestens einem der
abweichenden vorgegebenen Werte ausgesetzt
wurde.
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Revendications

Systéme de boitier pour capteur de glucose (400,
500) pour stocker et transporter un capteur de glu-
cose, le systéme comprenant:

au moins une capteur de glucose (300,
410,520);

un boitier protecteur (310, 420, 510) compor-
tant une partie interne (312, 422, 512) destiné
a contenir le au moins un capteur de glucose
dans la partie interne du boitier protecteur, et
un indicateur de l'exposition a la température
(320, 430, 520) pour déterminer si I'emballage
protecteur a été exposé a une température
d'exposition par rapport a une valeur de tem-
pérature prédéterminée.

Systéme de boitier pour capteur de glucose selon
la revendication 1, dans lequel la température d'ex-
position est supérieure a la température prédéter-
minée, l'indicateur d'exposition a la température
(320, 430, 520) indiquant I'exposition a la tempéra-
ture d'exposition.

Systéme de boitier pour capteur de glucose selon
la revendication 2, dans lequel la température pré-
déterminée correspond a 75°F (23°C) ou a 100°F
(37°C), la température d'exposition étant supérieu-
re a la température prédéterminée.

Systéme de boitier pour capteur de glucose selon
la revendication 1, dans lequel la température d'ex-
position est inférieure a la température prédétermi-
née, l'indicateur d'exposition a la température (320,
430, 520) indiquant I'exposition a la température
d'exposition.

Systéme de boitier pour capteur de glucose selon
la revendication 4, dans lequel la température pré-
déterminée correspond a 36°F (2°C), la températu-
re d'exposition étant inférieure a 36°F (2°C).

Systéme de boitier pour capteur de glucose selon
la revendication 1, dans lequel l'indicateur de I'ex-
position a la température (320, 430, 520) indique
que la température d'exposition par rapport a la
température prédéterminée a existé pendant une
période de temps prédéterminée.

Systéme de boitier pour capteur de glucose selon
la revendication 6, dans lequel la période de temps
est établie sur la base d'une valeur d'une différence
entre la température d'exposition et la température
prédéterminée.

Systéme de boitier pour capteur de glucose selon
les revendications 6 ou 7, dans lequel la période de
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temps correspond au moins a 10 minutes.

Systéme de boitier pour capteur de glucose selon
la revendication 8, dans lequel la période de temps
correspond au moins a 60 minutes.

Systéme de boitier pour capteur de glucose selon
I'une quelconque des revendications précédentes,
dans lequel l'indicateur de I'exposition a la tempé-
rature (320) est fixé sur le boitier protecteur (310).

Systéme de boitier pour capteur de glucose selon
I'une quelconque des revendications 1 a 10, dans
lequel l'indicateur de I'exposition a la température
(320) est fixé sur la partie interne (312) du boitier
protecteur (310) ou est fixé sur une partie externe
(314) du boitier protecteur (310) ou est contenu
dans le boitier protecteur (310).

Systéme de boitier pour capteur de glucose selon
I'une quelconque des revendications 1 a 10, dans
lequel l'indicateur de I'exposition a la température
(320) est fixé sur le capteur de glucose.

Systéme de boitier pour capteur de glucose selon
I'une quelconque des revendications précédentes,
dans lequel l'indicateur de I'exposition a la tempé-
rature (320, 430, 520) est un autocollant.

Procédé de transport d'un capteur de glucose par
I'intermédiaire d'un systéme de boitier pour capteur
de glucose selon l'une quelconque des revendica-
tions précédentes.

Systéme de boitier pour capteur de glucose selon
I'une quelconque des revendications 1 a 13, dans
lequel le boitier protecteur (310) comporte une par-
tie externe (314); et

l'indicateur d'exposition a la température
(320) comporte des premier et deuxieme états, le
premier état indiquant que le boitier protecteur n'a
pas été exposés a une température d'exposition par
rapport a une valeur de température prédétermi-
née, le deuxieme état indiquant que le boitier pro-
tecteur a été exposé a la température d'exposition.

Systéme de boitier pour capteur de glucose selon
la revendication 15, comprenant plusieurs capteurs
de glucose (410), chacun étant renfermé dans un
boitier séparé (412), les plusieurs capteurs de glu-
cose renfermés (420) étant a leur tour agencés
dans la partie interne du boitier protectant (422).

Systéme de boitier pour capteur de glucose selon
les revendications 15 ou 16, comprenant plusieurs
capteurs de glucose (430), chacun étant fixé sur un
des boitiers séparés (412).
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Systéme de boitier pour capteur de glucose selon
la revendication 15, comprenant plusieurs capteurs
de glucose (412), chacun fournissant une indication
concernant I'exposition a un température d'exposi-
tion par rapport a une valeur de température prédé-
terminée différente.

Procédé de transport d'un capteur de glucose, le
procédé comprenant les étapes ci-dessous:

a) fourniture d'un systéme de boitier pour cap-
teur de glucose selon 'une quelconque des re-
vendications 1 a 13 ou selon I'une quelconque
des revendications 15 a 18;

b) transport du systéme de boitier pour capteur
de glucose; et

c) observation de I'état de l'indicateur de I'ex-
position a la température pour déterminer si le
boitier protecteur a été exposé a latempérature
d'exposition au cours du transport.

Procédé selon la revendication 19, dans lequel le
systeme de boitier pour capteur de glucose com-
prend plusieurs indicateurs d'exposition a la tempé-
rature (320, 430, 510), chacun fournissant une in-
dication concernant |'exposition a une température
d'exposition par rapport a une valeur de tempéra-
ture prédéterminée, I'état de chaque indicateur
d'exposition a la température étant observé au
cours de I'étape c) pour déterminer si le boitier pro-
tecteur a été exposé a une température d'exposition
par rapport a au moins une des valeurs prédétermi-
nées différentes.
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GLUCOSE SENSOR
REF MMT-7002 '
CAUTION: U.S. LAW RESTRICTS THIS DEVICE
TO SALE BY OR ON THE ORDER OF A PHYSICIAN.

[LOT]K89
, 10X LOT] 0459 C E
£0), (1% [STERILE
O ® X USE BEFORE
/ \ MAY 2000
7Y \IV I
7Y\ Minimed IF DOT IS BLACK DO NOT USE.

USA:

SYLMAR CA.

818-362-5958 * 800-843-6687 e [
EUROPE:

MINIMED, S.A., PARIS, FRANCE *3‘2%25

(33) 1-46-43-16-16

G6020036-003 7/99

THIS PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING
U.S. OR FOREIGN PATENTS: A
(U.S.) 5,309,671:(U.S.) 5,568,806:(U.S.) 5,586,553:(U.S.) 5,777,060
OTHER U.S. AND/OR FOREIGN PATENTS MAY BE PENDING.

FIG. 11

INSTRUCTIONS FOR USE

GLUCOSE SENSOR
REF MMT-7002

FG. 12 :
IMPORTANT NOTE

USE GLUCOSE SENSORS ONLY IF:
® THE STERILIZATION INDICATORDOT (@) ) IS
REDDISH/ORANGE, NOT MUSTARD YELLOW.

® THE TEMPERATURE DOT ( O ) IS CLEAR, NOT BLACK.
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