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Description

Field of the Invention

[0001] The present invention relates to an integrated
sample testing meter for use in sampling and analyzing
analytes, particularly glucose, in fluids such as blood or
interstitial fluid.

Background of the Invention

[0002] Glucose monitoring is a fact of everyday life for
diabeticindividuals. The accuracy of such monitoring can
literally mean the difference between life and death. Gen-
erally, a diabetic patient measures blood glucose levels
several times a day to monitor and control blood sugar
levels. Failure to test blood glucose levels accurately and
on a regular basis can result in serious diabetes-related
complications, including cardiovascular disease, kidney
disease, nerve damage and blindness. A number of glu-
cose meters are currently available which permit an in-
dividual to test the glucose level in a small sample of
blood.

[0003] Many of the glucose meter designs currently
available make use of a disposable test strip which, in
combination with the meter, electrochemically or photo-
metrically measures the amount of glucose in the blood
sample. To use these meters, the user first punctures a
finger or other body part using a puncture means, such
as a lancet, to produce a small sample of blood or inter-
stitial fluid. The sample is then transferred to a disposable
test strip. The inconvenience of taking several measure-
ments a day, as well as the pain inflicted by currently
available puncture means, often discourage disciplined
and frequent testing.

[0004] While the fingertip is generally used for sam-
pling blood, due to the rich capillary bed of the skin of the
fingertip, the fingertip is also particularly sensitive to pain,
due to a rich supply of pain receptors in the finger tip as
well. When a puncture is too deep, too close to a recent
puncture or not deep enough and requires an additional
puncture, the pain increases significantly. Pain may also
be increased if the puncture means penetrates slowly or
is withdrawn slowly. Furthermore, the user may be forced
to make a larger puncture than is necessary to form a
sufficient amount of blood, due to losses during the trans-
fer between the puncture site and the test strip.

[0005] The process of measuring blood glucose levels
requires several steps and several different accessories,
including a puncturing device, a puncture means, a sup-
ply of test strips and a glucose meter. Each accessory
has a different function. The user must have a flat surface
available to unpack and lay down the accessories within
easy reach. This, by itself, poses a challenge for those
who need to take measurements while participating in
outdoor activities. Flat surfaces are often not available
and this can discourage a person from taking a meas-
urement. This can be disadvantageous because blood
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glucose levels may change significantly during an out-
door activity.

[0006] Even if a user can find a flat surface, the user
has to carry out the following steps. The user: charges
the puncturing device with a fresh puncture means;
opens a vial of strips; removes a strip; inserts the strip
into the meter; re-closes the vial; checks for the correct
calibration code on the meter; picks up the puncturing
device; lances the skin of the finger or other body part;
lays down the puncturing device; squeezes or massages
the finger to yield an adequate blood sample; transfers
the sample to the test strip for analysis; waits for the meter
to analyze the sample; removes the strip from the test
meter; discards the strip; and finally re-packs all of the
accessories. As set forth above, the standard procedure
for taking a glucose measurement requires the use of
multiple, separate components and the execution of a
number of steps requiring manual user intervention.
[0007] DE 19819407 discusses a measuring device in
which test strips are stored in a part of a container, are
brought via a mechanism into the corresponding meas-
uring position and, once the measurement has been tak-
en, are transferred to a collection compartment.

[0008] Generally, the user is required to transfer a
small volume of sample to a sample-receiving area on
the test strip. Generally, test strips are quite small and
the sample-receiving area is therefore even smaller. This
transfer step is a difficult task for many users. Moreover,
there has recently been a trend towards the use of test
strips requiring ever smaller amounts of sample. (This
allows the use of smaller punctures and therefore less
painful puncturing.) However, the use of smaller samples
increases the difficulty in transferring the sample to the
sample-receiving area on the test strip. This is especially
difficult for users with poor eyesight, a common compli-
cation for diabetics.

[0009] The pain, inconvenience, cost, slowness, com-
plexity and discreteness of taking a blood glucose meas-
urement are barriers to the frequent monitoring of glu-
cose levels. Patients often do not comply with doctor rec-
ommendations to frequently test glucose levels due to
the numerous obstacles involved.

[0010] Itis an aim of the present invention to provide,
at least in part, a solution to the above problems.

Summary of the Invention

[0011] The present invention provides an integrated
sample-testing meter according to claim 1.

[0012] In use, after the puncture has been made, the
user moves the meter to a second position where the
sample-receiving area of the test strip is located in the
drop and receives a sample from the fluid drop. The sen-
sor then analyzes the sample.

[0013] Preferably, the meter of the present invention
will include electrical or electronic circuitry for controlling
its operation. Such circuitry may be hard-wired or may
comprise a microcomputer or similar device. Such cir-
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cuitry will in particular include all the components of the
sensor and will be arranged to carry out the analysis of
the sample.

[0014] Preferably, the circuitry also includes a visual
display unit from which the user can read out the result
of any particular test. The display may also be adapted
to provide a display of the data, as explained in more
detail below.

[0015] Preferably, the circuitry includes means, such
as a touch sensitive display, control buttons or a micro-
phone and voice activated software, for entering data
into the meter.

[0016] Preferably, the meter includes a pressure de-
vice arranged to facilitate the formation of a drop of fluid
around the puncture.

[0017] The pressure device may comprise a pump
adapted to apply a negative pressure to a volume in the
meter having an aperture for location on the skin of the
user. Advantageously, the part of the meter forming the
aperture through which the puncture means extends is
made of a non-slip material so that the meter can be more
securely located on the user’s skin during the puncturing
operation.

[0018] Preferably, however, the pressure device com-
prises a pressure ring arranged to be located, in use, on
the user’s skin and to apply pressure at the edges of the
ring to increase the amount of fluid available at the centre
of the ring. Advantageously, the pressure ring is made
of a non-slip material so that the meter can be more se-
curely located on the user’s skin during the puncturing
operation.

[0019] The pressure ring may be shaped to conform
to the shape of the area of the skin to which it is to be
applied. For instance, if the meter is intended for use on
the forearm, the pressure ring will be generally planar.
However, if the meter is intended for use on a finger, the
pressure ring will be curved.

[0020] Preferably, the pressure ring has a multi-con-
toured surface to increase the pressure gradient from the
outside to the inside of the ring.

[0021] Advantageously, the pressure ring is part of a
cap which covers the puncture means in its retracted
position. Preferably, the cap includes a means, such as
a sidewall, which co-operates with the drive train to en-
sure that the puncture means travels along approximate-
ly the same path on each activation of the drive train.
[0022] The cap may be an integral part of the housing.
Preferably, however, the cap is detachably mounted on
the housing. This may be achieved by use of screw-
thread or bayonet type fixings, by use of a snap fit con-
nection or by a hinged connection.

[0023] If desired, the meter can include at least two
interchangeable caps, for instance a cap for forearm use
and a cap for finger use.

[0024] The puncture means may be any of the types
of puncture means at present in use in the art. The term
"puncture means" includes lancets and finger-sticking
devices of the type known in the art. Preferably, the punc-
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ture means is removably attached to the drive train so
that the puncture means can be disposed of after one or
several uses.

[0025] Preferably, the drive train is spring driven. Al-
ternatively, the drive train is driven electromagnetically.
The drive train is arranged such that, on actuation, the
puncture means moves to the extended position and is
retracted.

[0026] Preferably, the drive train includes an adjust-
ment screw which allows the user to set the extended
position of the puncture means. This enables the user to
calibrate the operation of the meter such that his or her
skin is punctured sufficiently to allow a large enough drop
of fluid to form without causing too much pain.

[0027] Advantageously, the operation of the adjust-
ment screw is arranged such that the distance of travel
of the puncture means remains constant, however much
the extended position of the puncture means is changed.
This ensures that the amount of pain experienced by the
user does not increase disproportionately to the depth of
puncture.

[0028] Where the meterincludes acap, itis preferable,
as noted above, that the cap provides a means for guiding
the drive train so that the puncture means punctures the
skin at approximately the same place on each actuation
of the drive train.

[0029] Preferably, the test strip cartridge comprises a
cartridge housing defining a cavity configured to receive
a stack of test strips, a partially detachable cartridge cap
and a means for moving the stack of test strips towards
the cartridge cap.

[0030] The test strips used for some measurements
are air- or moisture- sensitive. It is therefore preferred
that the cartridge includes a seal for sealing the cartridge
cap to the cartridge housing when the cartridge cap is
fully engaged with the cartridge housing. The seal may
be on the cartridge cap or on the cartridge housing.
[0031] In use; upon activation of the meter, the car-
tridge capis partially detached from the cartridge housing
to allow the first test strip in the stack to be moved by the
test strip dispensing system to the sample-receiving po-
sition. Once the measurement has been taken, the car-
tridge cap is preferably manually replaced on the car-
tridge housing to close the cartridge and seal its contents
from atmospheric effects.

[0032] Preferably, the cartridge has on it data relating
to the calibration code for the strips in the cartridge. The
data may be present as visually readable indicia. In this
case, the meter must include means, as mentioned
above, to allow the user to enter the calibration code into
the meter.

[0033] Preferably, however, the data on the cartridge
are present in machine-readable format, for instance as
a bar code or a resistance bridge circuit or stored in an
electronic memory module.

[0034] If the data are present as a bar code, the meter
will include a bar code reader. This may be a scanning
reader or a stationary reader. A scanning reader will be
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more complicated but can be used when the cartridge is
fitted in the meter. A stationary reader is less complicated
but can only be used as the cartridge is inserted into or
taken out of the meter.

[0035] If the data are present in an electronic memory
module, this may comprise a read-only memory (ROM),
orarewritable memory, such asan EPROM or EEPROM.
[0036] Preferably, the data also include a unique
number identifying the specific cartridge, the number of
strips originally present in the cartridge, the expiry date
for the cartridge, different calibration factors for different
sources of fluid (neonatal, arterial or venous blood, for
instance), an acceptable performance range and any oth-
er relevant information, preferably in machine-readable
format, to assist in operation of the meter.

[0037] Where the memory module on the cartridge is
rewritable, the meter may be arranged to write back into
the memory module information such as the number of
strips used, the date the cartridge was first used, the
length of time the cartridge has remained open and the
date, time and result of each test that was carried out
with a strip from the cartridge.

[0038] Preferably, the test strip dispensing system in-
cludes a slider adapted to engage with only one of the
test strips in the cartridge and move it to the sample-
receiving position.

[0039] Advantageously, the meter includes a feeding
channel which receives the strip from the cartridge and
guides it to the sample-receiving position.

[0040] Preferably, the feeding channel includes a step
arranged such that, when the strip has been moved past
the step, the strip drops, oris forced, into the step, thereby
preventing the strip from moving back towards the car-
tridge.

[0041] Preferably, the strip is forced into the step by
springs located on the meter. Advantageously, the
springs are also electrically conductive and are arranged
to make electrical contact with electrodes or a conductive
bar on the strip (see below).

[0042] Alternatively, the strips may be provided with
cut-outs, forinstance of triangular shape, which mate with
spring-biased abutments which fitinto the cut-outs to hold
the strip in its sample-receiving position.

[0043] Advantageously, the meterincludes an ejection
means for ejecting a used test strip from the meter once
a test has been completed. Preferably, where the car-
tridge includes a cartridge cap, the ejection means is op-
erated as the cartridge cap is closed.

[0044] Preferably, the meterincludes a deviator which
prevents the test strip dispensing system moving a fur-
ther test strip into the sample-receiving position while a
first test strip is still in position. This is an advantageous
feature as it allows the user to carry out a number of
puncturing operations with the same strip in position,
since, in some cases, it takes a number of puncturing
operations, if necessary with adjustment of the penetra-
tion depth, to produce a sufficiently large drop of fluid.
[0045] Preferably, the deviator operates in conjunction
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with the cartridge cap. While the cartridge cap is partially
detached from the cartridge housing, the deviator blocks
the normal path for the test strip dispensing system, such
as the slider, and causes it to enter the cartridge cap
rather than the regular path into the cartridge.

[0046] Preferably, the meter includes a means for ver-
ifying that a strip is in the sample-receiving position. This
may comprise a reflectance meter. Generally, test strips
are more or less reflective than the surfaces of the feeding
channel. Therefore, a change in reflectance will indicate
that a test strip is in position.

[0047] Preferably, however, the verifying means com-
prises an electrical system. Atits simplest, each strip may
have on it a conductive bar arranged to short out two
electrodes on the meter. This arrangement is useful for
strips arranged to carry out photometric measurements.
[0048] Strips which are arranged to carry out electro-
chemical measurements already include electrode sys-
tems. Thus, the verifying means may include electrical
contacts on the meter which contact the electrodes on
the strip. Advantageously, as noted above, the electrical
contacts on the meter are preferably spring-loaded and
are positioned to force the strip into the step in the feeding
channel.

[0049] Advantageously, the verifying means is also
used to activate fully the circuitry in the meter. The meter
may normally be in a low power mode, where the only
active circuitry is that used to control the verifying means.
Once the verifying means has indicated that a strip is
present, the meter can then automatically switch to high
power mode where all its relevant circuits are functioning.
[0050] Preferably,the verifyingmeansisalso arranged
to start a timer in the circuitry of the meter. The timer is
stopped by the ejection of a used strip from the meter,
preferably by closure of the cartridge cap. This allows
the circuitry to determine the length of time the cartridge
has been open to the atmosphere. Advantageously the
circuitry is arranged to sum the total time that the cartridge
has been open and to produce a warning signal, such as
an audible tone or a visible signal, if the total exceeds a
pre-set maximum.

[0051] Preferably, the circuitry in the meter also counts
the number of strips dispensed from each cartridge. Ad-
vantageously, the circuitry is designed to provide a warn-
ing signal, such as an audible tone or a visible signal,
when the number of strips remaining in the cartridge is
low.

[0052] Where the cartridge has on it data relating to
an acceptable performance range, preferably the circuit-
ry is arranged so that, if a control test gives a result out-
side the performance range, the meter is disabled while
that cartridge is in the meter. This arrangement ensures
that, if the strips in a particular cartridge have deteriorat-
ed, they cannot be used.

[0053] As noted above, the cartridge preferably in-
cludes a rewritable memory module and the circuitry in
the meter is arranged to write back to the cartridge mem-
ory module useful information, such as the number of
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strips remaining in the cartridge and the length of time
the cartridge has been open to the atmosphere. The re-
writing function is particularly useful where a user is likely
to be away from his normal environment for a length of
time which would require the use of more strips than are
present in a cartridge. In such cases, a user is likely to
remove the old cartridge and insert a new, full cartridge.
Once the new cartridge has been used up, the user may
insert the old cartridge, even if it is out of date. As long
as the meter can read the data on the old cartridge, it will
be able to decide whether use of the old cartridge should
be allowed.

[0054] Moreover, the provision of a rewritable memory
module enables other possible uses. For instance, data
on time and date of use and result of measurement may
be written into the cartridge’s memory module. The used
cartridge could then be returned to the user’s health care
provider who could then study the data to determine
whether the user is complying with his treatment and
monitoring regime. Alternatively, the used cartridges
could be returned to the manufacturer to enable a general
study of use to be carried out. These data, illustrating the
effective use of strips, may provide a tool for health care
insurers to verify the actual usage of the strips they re-
imbursed.

[0055] Preferably, the meter is activated manually by
use of a single movement, for instance of a multi-func-
tional assembly carried by the housing. The assembly
may include a lever pivoted to the housing. Preferably,
however, the assembly includes a slidable knob which
slides to cock the drive train and move a strip into the
sample-receiving position.

[0056] The movement of the assembly may also acti-
vate all the meter’s circuitry.

[0057] The drive train may be fired either by further
movement of the lever or, preferably, by actuation of a
trigger.

[0058] Itcanthusbe seen thatthe use of the integrated

sample testing meter of the presentinvention can be very
simple. If desired, the user can replace an existing punc-
ture means with a new one. The meter can then be
cocked by use of the assembly. This also moves a strip
into the sample-receiving position. Movement of the lever
or receipt of a strip in the sample receiving position also
activates all the meter’s circuitry. Then, the user places
the appropriate part of the meter, such as the aperture
or the cap, on his or her skin and activates the trigger.
[0059] Ifthefirstactivation of the trigger does not cause
the production of a sufficiently large drop of fluid, the me-
ter can be cocked, positioned and fired again, if neces-
sary a number of times, without the need to insert a new
strip.

[0060] Once sufficient fluid has accumulated around
the puncture, the user moves the meter to the second
position in which the strip is placed in the drop and its
sample-receiving area takes up a sample of the fluid.
[0061] Thus, the use of the meter of the present inven-
tion avoids most of the steps presently required and in
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particular avoids those steps where manual dexterity and
good eyesight are advantageous.

[0062] Preferably, the meteris adapted to produce and
analyze a sample of blood or interstitial fluid, in particular
to analyze a blood sample for glucose levels. Strips
adapted to carry out such measurements are well known
in the art. These may be electrochemical or photometric
strips.

[0063] Advantageously, the strips are adapted to carry
out electrochemical analyses and the circuitry in the me-
ter is arranged to contact the electrodes in such strips.
[0064] Therefore, in a preferred embodiment the
present invention provides an integrated blood glucose
testing meter. The integrated meter of this aspect of the
present invention allows for a simple, one-step glucose
monitoring process, and significantly reduces the obsta-
cles involved in frequent glucose monitoring. The inte-
grated meter provides for the automated dispensing and
positioning of a test strip and puncturing of a user in a
repeatable manner. After user-initiated transfer of a blood
sample to the test strip, automated analysis of the blood
sample takes place.

[0065] There is provided (but not claimed) an integrat-
ed method of sampling and testing a blood glucose level
or other analyte in a bodily fluid. The integrated method
comprises loading a test strip cartridge into an integrated
testing meter, activating an assembly on the testing me-
ter to cock a puncture means drive train and move a test
strip into a sample-receiving position, pressing the inte-
grated testing meter on the skin of a user and pressing
a trigger of the testing meter to drive a puncture means
into the skin in order to form a drop of blood or other fluid
on the skin surface. The user moves the meter such that
the test strip can absorb a required amount of blood or
other fluid for an automated analysis of the sample by
the integrated testing meter.

Brief Description of the Drawings

[0066] These and other features and advantages of
the present invention will be more fully understood by
reference to the following detailed description in conjunc-
tion with the attached drawings in which like reference
numerals refer to like elements through the different
views.

Figure 1 is a perspective view of an integrated blood
and testing meter according to the present invention
with a strip in the sample-receiving position.

Figure 2 is a perspective view of the meter of Figure
1 with the lancet cover in its open position.

Figure 3 is a perspective view of the meter of Figure
1 with the subhousing in its open position.

Figure 4 is a schematic view of part of the interior of
a feeding channel with a strip in place.

Figure 5illustrates a test strip design suitable for use
in the present invention.

Figure 6 is a schematic representation of the elec-
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tronics which can be incorporated in an integrated
meter in accordance with the present invention.

Detailed Description of the Invention

[0067] The present invention provides an integrated
meter for sampling and analyzing a sample of bodily fluid,
such as blood, including a disposable test strip cartridge
having a stack of test strips disposed therein. The present
invention facilitates the monitoring of, for instance, blood
glucose levels by integrating into a single meter the steps
involved in sampling and analyzing blood into a simple
process employing a single meter.

[0068] The present invention will be described below
relative to an illustrative embodiment. Those skilled in
the art will appreciate that the present invention may be
implemented in a number of different applications and
embodiments and is not specifically limited in its appli-
cation to the particular embodiment depicted herein.
[0069] The present invention will be discussed below
in connection with sampling blood, although those of or-
dinary skill will recognize that other types of fluid can also
be used.

[0070] Figures 1 to 3 illustrate an integrated blood glu-
cose sampling and testing meter 10 according to an il-
lustrative embodiment of the present invention. This me-
ter is designed to carry out electrochemical analysis of a
blood sample. However, if desired, the same mechanical
parts could be used in connection with photometric anal-
yses. The sampling and testing meter comprises a mod-
ular housing 11 encompassing an integrated system for
expressing and subsequently analyzing a sample. The
meter 10 includes an assembly for puncturing the skin
of a user to express a drop of blood on the surface of the
skin. The assembly includes a lancet 13 as the puncture
means and a drive train 14 for driving the lancet into and
out of the skin.

[0071] Atransparent cap 16 is attached to the housing
11 by a hinge at the proximal end of the device 10. The
housing 11 includes a recess 17 for enabling the cap 16
to be moved to the open position shown in Figure 2. In
this position, the lancet can be removed and replaced.
The cap 16 also includes an aperture to allow passage
of the lancet 13 through the cap 16 and into the skin of
the user. The cap 16 can have a multi-contoured surface
in order to promote, enhance or facilitate the expression
of blood by pressing the device onto the skin. The as-
sembly further includes a depth adjustment knob 18 sit-
uated at the distal end of the drive train opposite the lan-
cet. Rotation of the depth adjustment knob decreases or
increases the puncture depth of the lancet. The depth
adjustment knob regulates or adjusts the puncture depth
in accordance with known techniques.

[0072] A test strip cartridge 19 is loaded into the meter
10 and includes a stacked supply of test strips disposed
within a cavity or hollow interior of the cartridge housing.
The test strip cartridge is adapted to dispense individual
test strips to a feeding channel 20. The outlet of the feed-
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ing channel leads to the exterior of the meter 10.
[0073] The housing may include an internal wall that
defines the inner side of the cap 16. Alternatively, the
housing wall can have a frusto-conical or funnel shape,
or any other suitable shape, for precisely controlling the
movement of the lancet.

[0074] The cap is precisely dimensioned such that the
lancet 13 slidably passes through the cap. In this arrange-
ment, the lancet 13 is precisely positioned at about the
same location each time it is deployed. Correspondingly,
each test strip is precisely positioned at about the same
location each time one is moved from the cartridge to the
sample-receiving position.

[0075] The test strip cartridge 19 comprises a replace-
able and disposable portion of the sampling and testing
meter. When the supply of test strips is depleted or ex-
pired, the user may open the meter 10, as shown in Figure
3, remove the used test strip cartridge 19 and insert a
new test strip cartridge containing a fresh supply of test
strips. The details of the test strip cartridge 19 are de-
scribed in depth below.

[0076] A strip dispensing system operates in co-oper-
ation with the test strip cartridge 19 to dispense test strips
one-by-one through the feeding channel 20 and into the
sample-receiving position to effect the sampling and
analysis of a blood sample. According to the illustrated
embodiment, when a user slides knob 21 of the meter
10 away from the cap 16, the strip dispensing system
pushes the foremost test strip in the stack out of the test
strip cartridge and into the feeding channel. According
to a preferred embodiment, knob 21 performs an addi-
tional function of simultaneously cocking the lancet as-
sembly to prepare the lancet assembly for puncturing the
skin of a user when the user presses the cap 16 to the
skin. The workings of the strip dispensing system and
knob 21 are described in further detail below.

[0077] To enable electrochemical analysis of the sam-
ple, the meter further includes electrical contacts situated
in the feeding channel 20 and configured to contact elec-
trodes formed on the test strip. The electrical contacts
connect to electronics 22 located within the modular
housing 11 of the sampling and testing meter. The elec-
tronics are arranged such that, once the contacts contact
the electrodes in the strip, the meter switches from "low"
power mode to "high" power mode.

[0078] The test strip generates electrochemical sig-
nals thatare passed by the electrical contacts to the hous-
ing electronics. The electronics process the signal and
calculate the glucose level or other electrochemically de-
tectable analyte of the blood or interstitial fluid that is
sampled by the testing device. The electronics transmit
instructions for an appropriate display or output regarding
the analysis.

[0079] As shown in Figure 4, the feeding channel 20
has in it a pair of arms which are biased to move towards
each other. Each arm has at its free end a triangular
abutment 31. The strips have in them triangular cut-outs
33. When a strip is fed into the feeding channel, the abut-
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ments 31 on the arms 30 snap into the cut-outs 33 to
hold the strip in the sample receiving position.

[0080] Alternatively, the feeding channel may include
a step located adjacent the electrical contacts. The elec-
trical contacts are spring biased so that, once a test strip
is in the sample-receiving position, the electrical contacts
bear on the test strip and locate it securely in the step.
[0081] In either manner, the strip is prevented from
moving backward away from the sample-receiving posi-
tion.

[0082] The integrated sampling and testing meter 10
includes a visual LCD display 34 for displaying informa-
tion related to the analysis of the sample. According to
the illustrative embodiment, the information in the display
includes a measured blood glucose level in a blood sam-
ple, as well as the time and date of the measurement.
The display may also provide information regarding the
number of test strips remaining in the test strip cartridge,
the operating temperature, the expiration date of the test
strip cartridge, instructions to the user and the like. Ac-
cording to one practice of the invention, test results are
stored in memory in the meter and the display 34 allows
a user to view prior test results.

[0083] The meter also has on its outside buttons 35
which can be used by the user to enter data into the
meter’s electronics. This may be achieved by using the
buttons to navigate through one or more menus dis-
played on the display 34.

[0084] To measure blood glucose levels with the inte-
grated meter 10, a user first slides the knob 21 away from
the cap 16 to simultaneously cock the lancet assembly
and automatically open the test strip cartridge and to ad-
vance a test strip from the cartridge through the feeding
channel 20 to the sample-receiving position shownin Fig-
ure 1. The user then presses the cap 16 against a body
part, such as afinger or forearm. This releases the lancet
assembly, which fires the lancet 13 into the skin a pre-
determined depth and at a precise location. The lancet
assembly immediately retracts the lancet from the skin.
[0085] Thecap 16includes apressurering (notshown)
so that, as the meter is pressed onto the skin before,
during or after the puncturing has taken place, a drop of
blood of the required size forms on the user’s skin. The
user then moves the meter to bring the sample-receiving
area of the strip in the sample-receiving position into con-
tact with the drop. As the blood contacts the sample-
receiving area of the test strip, capillary force absorbs
blood into the strip for analysis. The user holds the meter
firmly against the skin until a sufficient amount of blood
is absorbed into the test strip, generally for about 3 to 10
seconds. According to one practice, the meter 10 pro-
duces an audible or visible signal to the user indicating
that a sufficient blood sample has been collected and
that analysis has begun. The user then removes the me-
ter from the skin and the electrochemical analysis of the
sample continues until the result is displayed.

[0086] The disposable strip cartridge 19 includes a
number of components designed to facilitate automatic,
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one-by-one dispensing of the test strips. The test strip
cartridge includes a vial housing, a cartridge housing in-
cluding a stack of test strips, a cartridge cap and a push-
up or biasing mechanism. The stack of test strips com-
prises about fifty test strips in vertical alignment. Howev-
er, the test strip cartridge of the present invention is not
limited to a stack of fifty test strips and may include any
number of stacked test strips.

[0087] The push-up mechanism biases the test strip
stack towards the cartridge cap such that, when a fore-
most test strip is removed from the stack, the remaining
test strips in the stack advance by one. After the foremost
strip is removed from the stack, the next strip in the stack
moves up and is ready to be dispensed for a subsequent
analysis. The push-up mechanism includes a loader
pressing against the last strip in the stack and a biasing
element, such as a tensator. The tensator comprises a
constant force clock spring that applies a constant pres-
sure to the stack.

[0088] The push-up mechanism furtherincludes a ten-
sator retainer to secure a portion of the tensator to the
cassette housing. The vial housing further includes
notches to releasably lock the cartridge in the modular
housing of the meter. When loading the cartridge 19 into
the meter, the vial housing clicks unambiguously in place
to ensure a precise fit.

[0089] The cartridge cap includes a hermetic sealing
element to protect the test strips from humidity, which
can damage the test strips and compromise test results.
Alternatively, the seal can be included in the vial housing
where it meets the cap.

[0090] According to one practice, the cartridge mate-
rial itself can have desiccant properties, or desiccants
can be disposed in the interior space of the vial. Any
humidity that may migrate into the test strip vial is by
these materials absorbed and neutralized.

[0091] As can be seen from Figure 3, preferably the
cap, the drive train, the sliding knob and a strip ejection
lever (see below) are in a unitary subhousing which is
pivotally attached to the remainder of the housing to allow
for the insertion of a cartridge and the removal of used
cartridges. The subhousing may be released by opera-
tion of release knob 39.

[0092] Preferably, the cartridge includes on it a re-wri-
table memory module such as an EPROM or EEPROM
chip. In this case, the electronics in the meter will include
means for interfacing with the memory module so that
the meter can read from and write to the memory module.
[0093] The memory module will contain a calibration
code for the cartridge and will preferably contain a unique
code for the cartridge and its expiry date. It may also
contain compensation factors for analyses of different
fluids (such as venous, arterial or neonatal blood or in-
terstatial fluid), the number of strips in the cartridge and
other relevant information. The electronics in the meter
will be set up to use any data stored in the memory mod-
ule, in particular the calibration code.

[0094] The electronics will also be set up to write to
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the memory module such information as the number of
strips used, the length of time the cartridge cap has re-
mained open, the date of first opening the cap, the date
and times of each test carried out and the result of each
test.

[0095] The cartridge may alternatively include such
data in other formats, such as in visible characters, as a
bar code or as a resistor bridge circuit.

[0096] The cartridge capisreleasablylocked into place
on the cartridge by a cap retainer. To allow for the strip
dispensing mechanism in the meter to forward individual
strips to the feeding channel 20, the cartridge cap in-
cludes a "pop-up" feature. The cartridge cap is flexibly
attached to the vial housing by means of side supports,
hinges, springs or another suitable mechanism Pushing
the cap retainer releases the lock on the cartridge cap
and allows the cap to pop up a predetermined amount,
thereby allowing the foremost test strip in the stack to be
fed to the sample-receiving position.

[0097] The strip dispensing system cooperates with
the pop-up cartridge cap described above to push the
foremost test strip of a test strip stack into the feeding
channel 20 in order to position the test strip in the sample-
receiving position. As discussed, the strip dispensing
system comprises the sliding knob 21.

[0098] A more detailed description of the cartridge and
a feeder mechanism for use therewith is found in our
copending International Patent Application No.
PCT/GB02/0207609.9 filed concurrently herewith (Attor-
ney’s ref: P030115WO), which claims priority from USSN
60/280321 filed on 29th March, 2001.

[0099] Those skilled in the art will recognize that any
suitable mechanism may be utilized for forwarding a test
strip into a feeding channel and ensuring that the test
strip is entirely dispensed. Once in the feeding channel,
the test strip is positioned to receive a blood sample for
analysis. After the analysis is complete, the userreplaces
the cartridge cap to re-seal the cartridge, for instance by
operation of the ejection lever 36.

[0100] The slidable knob 21 furtherincludes means for
arming the drive train of the meter 10. According to one
practice, the knob further operates to switch on the elec-
tronics of the meter 10 to prepare the meter for analysis
of a prospective blood sample. According to an alternate
embodiment, the electronics include a strip detector for
detecting the presence of a test strip in the feeding chan-
nel. Thus, when the strip detector detects a strip in prox-
imity to the puncturing site, the electronics switch on.
[0101] According to one aspect, the strip dispensing
system is designed to ensure that only one test strip is
loaded at a time. The strip dispensing system includes a
deviator in co-operation with the slider. The strip dispens-
ing system allows only one test strip to be forwarded at
a time. After the slidable knob is released and the slider
is brought back into its initial position, the deviator auto-
matically rotates into a position to deflect subsequent at-
tempts to load an additional test strip into the feeding
channel. The release of the cartridge cap caused by op-
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eration of the knob allows the deviator to rotate once the
slider is moved back to its idle position. After forwarding
one test strip, the slider route is deviated inside the car-
tridge cap, rather than through the test strip cartridge and
into the feeding channel of the meter 10.

[0102] When the user presses the cartridge cap
closed, the deviator rotates back and resets the strip dis-
pensing system to dispense a new strip. If a test strip is
already loaded into the feeding channel 20, additional
operation of the slidable knob 21 only serves to cock the
lancet assembly and does not load another test strip into
the channel. In this manner, the strip dispensing system
allows several cocking and puncturing attempts using
the same test strip. This feature is particularly useful if
the lancet is accidentally discharged or if the puncturing
action does not generate a sufficient amount of blood. In
this case, the lancet assembly can be re-cocked without
wasting a test strip.

[0103] The test strip cartridge 19 and the strip dispens-
ing system co-operate with the lancet assembly illustrat-
ed in Figure 1 to efficiently and less painfully obtain and
analyze a blood sample from a user. As discussed above,
operation of the slidable knob 21 simultaneously cocks
the lancet assembly and forwards a test strip from the
cassette into the feeding channel 20. The drive train for
the lancet assembly may comprise a drive tube, a lancet
holder slidably mounted in the drive tube for holding the
lancet 13, a first spring for urging the lancet holder for-
ward, a second spring for retracting the lancet 13 after
the lancet punctures the skin and a depth adjuster knob
17. The lancet assembly further includes the cap 16 hav-
ing an aperture for guiding the lancet 13 through the ap-
erture to the skin of a user and for shielding the lancet
when not in use.

[0104] Whenthe slidable knob 21 is operated, the drive
tube retracts to arm the lancet assembly, while simulta-
neously the test strip is fed through the feeding channel
20 and into the sample-receiving position shown in Figure
1. The user presses the cap 16 against a body part, such
as a finger or arm, to allow the lancet assembly to drive
the lancet tip into the skin. The lancet assembly subse-
quently retracts the lancet tip from the skin.

[0105] The pressurering, if present, squeezes the skin
to maximize the quantity of blood formed from a puncture.
Once the drop of blood is large enough, the user moves
the meter so that the sample-receiving area of the strip
contacts the blood drop which will be wicked into the strip.
The test strip automatically directs the blood sample to
an analysis portion and the analysis of the blood sample
begins automatically.

[0106] After the analysis is complete, the user may
open the cap 16 and remove the lancet 13 from the lancet
holder. The user may then discard the lancet 13, if de-
sired. Those skilled in the art will recognize that alternate
lancet assemblies may be utilized in accordance with the
teachings of the present invention. For example, the
present invention is not limited to the dual-spring drive
train of the illustrative embodiment of the invention.
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[0107] Figure 5 illustrates a test strip design suitable
for use in the present invention. The teststrip may utilize
OneTouch Ultra (available from LifeScan, Inc. of Milpitas,
CA, USA) technology, membrane strip technology or oth-
er test strip designs known in the art for electrochemical
or photometric analysis of a fluid. According to one em-
bodiment, the test strip includes, as its sample-receiving
area, a channel entrance 141 for directing a blood sample
toan analysis portion of the strip. The test strip essentially
comprises an electrochemical cell, including one or more
working electrodes 142 which convert a chemical
change, produced by a reaction of glucose or other an-
alyte in the blood sample, to a current. The test strip fur-
ther includes a reference electrode 143 as a standard to
measure the potential of the working electrodes. Leads
144 connect the electrodes to contact bars 145 config-
ured to connect with the electrical contacts of the inte-
grated testing meter. The test strip thus generates a sig-
nal indicative of the level of glucose or other analyte in
the blood and transmits this signal to the electronics of
the device for processing. Those skilled in the art will
recognize that a variety of test strip designs and config-
urations are available in accordance with the teachings
of the present invention.

[0108] Figure 6 shows a schematic representation of
the electronics incorporated in the integrated meter of
the present invention. The electronics receive a signal
from the electrical contacts, process the signal and trans-
mit instructions for an appropriate display to the display
of the device. As shown, input signals related to the elec-
trochemical analysis of the sample are provided from the
test strip to a signal processing system. The signals are
transmitted via analog circuitry to a processor, which per-
forms data analysis. The processor provides a signal to
adisplay driver connected to an output display. The proc-
essor may also provide a signal to an alarm generator.
The display and the alarm generator together constitute
the output portion of the device. The data analysis proc-
essor also communicates with a memory module, such
as an EEPROM, in which information, including calibra-
tion information and previous test results, may be stored.
[0109] According to one practice of the invention, the
electronics further include a detector for sensing a strip
in the feeding channel. The detector can be two contacts
which are shorted by a conductive layer on a strip when
the strip is in the sample-receiving position. The electron-
ics may be designed to produce an audible beep or visible
signal to indicate to the user that a sufficient sample has
been obtained and that analysis is complete. The elec-
tronics may also read, store and/or display information
regarding the date and time of testing, the condition of
the strips, the number of strips remaining in the stack, a
calibration code for the strips, the expiration date of the
test strip cartridge, the battery power of the meter, and
so on. As noted above, test strip specific information can
be read directly from the cartridge, for instance by use
of bar codes, resistance bridges or memory modules,
preferably rewritable memory modules.
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[0110] As discussed, according to one embodiment,
the electronics are switched on when a user slides the
knob of the integrated testing meter, or when a test strip
detector detects a test strip loaded in the sample-receiv-
ing position. Preferably, each time the electronics are
switched on, the data on the cartridge are read to ensure
that the correct calibration code and other data are used
to control the meter. This ensures that a correct test result
can be obtained even if the cartridge has been changed.
[0111] According to another embodiment of the inven-
tion, the electronics are switched off when the user re-
places the test strip cartridge cap and ejects the used
test strip from the meter. This provides an extra safety
feature as it ensures that the cartridge remains closed
for as long as possible. This minimises the exposure of
the contents of the cartridge to the atmosphere. Prefer-
ably, the electronics in the meter are arranged to record
the length of time between a strip reaching the sample-
receiving position and its being ejected from the meter.
This is a measure of the time the cap is open. If the total
time the cap is open exceeds a predetermined value, the
electronics may be arranged to provide an audible or
visible warning signal. The electronics may also be ar-
ranged to provide such a signal, or to switch off the meter,
if any single strip has remained in the sample-receiving
position for longer than a predetermined time.

[0112] The integrated meter of the present invention
and its components provide significant improvements to
the detection and monitoring of glucose levels in the
blood. The present invention considerably reduces the
pain and inconvenience associated with glucose moni-
toring. The invention further improves the efficiency and
accuracy of testing by providing an automated transfer
and analysis of the sample. The invention provides an
integrated testing meter with user-friendly, uncomplicat-
ed operation. The integrate testing meter is compact, er-
gonomically sound, discrete and adjustable to different
users and body parts while simultaneously providing fast
and accurate results.

[0113] The present invention achieves a reduction in
the pain associated with testing in a number of ways.
Shallower punctures of the skin can be used to achieve
a sufficient blood sample, reducing painful deep punc-
tures in sensitive body parts. The present invention does
not require large sample volumes for analysis. The pres-
sure device, if used, for instance formed by the pressure
ring on the cap, provides a high yield from a small punc-
ture. The integrated sapling and testing feature further
ensures full usage of the obtained sample and limits "left-
overs" on the skin. In current systems, complex and in-
accurate sample transfer from a sampling point to a sam-
ple-receiving area on a test strip requires surplus sample
due to poor utilization of an obtained sample drop. The
present invention decreases this inefficiency of transfer-
ring samples and provides optimal utilization of the ob-
tained sample by easy direction of the sample to a precise
location on the test strip. Optimal utilization of the sample
drop reduces the number of attempts needed to provide
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enough sample for efficient analysis, thus reducing the
number of punctures required. The superficial punctures
reduce agitation of nerve endings in the skin and reduce
pain in sensitive body areas. The variable depth of pen-
etration and the ability to test on a number of different
body parts in addition to the finger reduces the concen-
tration and repetition of micro-traumata in a small area,
which avoids the problems of tinting, itching, dried and
callous skin areas caused by such micro-traumata.
[0114] The integrated meter of the present invention
is able fully to exploit the technological improvements in
strip design which allow the use of much smaller samples.
Presently available strips require only 1 to 3 pl of sample.
The small volume of blood or other bodily fluid expressed
fromthe user is sufficient to accurately determine or mon-
itor the presence or absence of an analyte, such as glu-
cose.

[0115] The presentinvention further provides easy and
uncomplicated operation. The use of the meter signifi-
cantly reduces the time and difficulty involved in sampling
and testing blood. The integrated meter essentially pro-
vides three devices, a puncture means, a supply means,
a supply of test strips and a meter, within a singular com-
pact housing. Further, the system is designed such that
one-handed operation is possible, eliminating the need
for a work space or aflat surface. The meter is not subject
to human error and inefficiency. Furthermore, the inte-
gration of adisposable test strip cartridge makes the load-
ing of a test strip simple, accurate and easy. In current
glucose monitoring systems a user requires two hands
to load a strip into a glucose meter. However, with the
meter of the present invention, the test strip dispensing
system automatically loads a test strip in position to re-
ceive a blood sample. The present invention also re-
duced waste by efficiently utilizing available resources.
The present invention further protects against compro-
mised test results due to contamination or an improperly
calibrated glucose meter.

[0116] Typically, the re-writable memory is in the for-
mat of an EEPROM (electronically erasable programma-
ble read only memory.) Such a device does not require
power to retain the contents of its memory. Examples of
re-writable memory modules according to the present
invention include EEPROM memory chips such as the
AT24C01ASC which is a 1K Bits, (128x8 bytes) two wire
serial EEPROM available from Atmel Corporation of San
Jose, California USA, in addition to the Fairchild
NM93C56M8 which is available from Fairchild Semicon-
ductor Corporation, South Portland, Main, USA and the
Xicor X25020P which is available from Xicor, Inc., Milpi-
tas, CA, USA. Examples of Flash EPROM memory chips
which might be used in the present invention include the
AMD AM29F010-120PC which is available from Ad-
vanced Micro Devices, Sunnyvale, California, USA and
the Intel P28F020-150V10 which is available from Intel
Corporation, Folsom, California, USA.

[0117] Figure 7, is a further illustration of cartridge 19
wherein re-writable memory module 118 is physically,
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fixedly connected to a source of test strips, which, in the
embodiment of the invention illustrated in Figure 7 is strip
cartridge 19, to form an integrated cartridge and memory
119. The source of test strips such as, in this example,
strip cartridge 19 may be referred to as a sensor bank.
Thus the sensors in strip cartridge 19 are physically as-
sociated with re-writable memory module 118 and any
information contained within it. Thus, for example, a cal-
ibration code written into the re-writable memory module
118 is uniquely associated with the test strips in that bank
and meter 10 can read the calibration code from re-wri-
table memory module 118 and use that calibration code
in converting a raw test result to a final test result for the
test strips stored in cartridge 119. Figure 7 shows in side
elevation view a close up of one side of integrated car-
tridge and memory 119 wherein re-writable memory
module 118 located in a matchingly sized recess 118A
on the side of housing 120. Re-writable memory module
118 is typically glued by an adhesive to the side of car-
tridge 19.

[0118] Figures 8, 9 and 10 illustrate a series of steps,
any of which may be optional, as will be understood by
those more skilled in the art, which might be followed on
insertion or connection of an integrate cartridge and
memory 119 into a meter 10. It will be understood by
those skilled in the art from the information contained
herein that one or more items of information is typically
uploaded from the strip bank smart chip into the meter.
Typically this information will be the calibration code, thus
rendering the step of calibrating the meter to a new batch
of strips, transparent to a user. If a strip bank is removed
or disconnected from the meter when only some of the
strips have been used, then a useful application of the
present invention is downloading of the number of strips
remaining in the strip bank to re-writeable memory mod-
ule 118. On re-insertion of cassette 19 number of strips
remaining can be uploaded from re-writable memory
module 118. Other possibilities include the use of a strip
bank in which only some of the strips are usable. These
strips can be located and used if information concerning
the location and type of usable strips is contained within
the smart chip. In addition, re-writable memory module
118 may be used to retain information on the date the
cassette was first opened and/or shelf life expiration in-
formation to the meter in determining whether particular
strips should be used or a cassette replaced.

[0119] In conclusion, the integrated meter of the
present invention significantly reduced the obstacles as-
sociated with frequent glucose monitoring. The present
invention promotes frequent monitoring for diabetic indi-
viduals by providing a simple, efficient, fast and accurate
integrated meter.

[0120] Since certain changes may be made in the
above constructions without departing from the scope of
the invention, it is intended that all matter contained in
the above description or shown in the accompanying
drawings be interpreted as illustrative and notin a limiting
sense.
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[0121] It is also to be understood that the following
claims are to cover all generic and specific features of
the invention described herein, and all statements of the
scope of the invention which, as a matter of language,
might be said to fall therebetween.

Claims

1. Anintegrated sample-testing meter (10) comprising
a single modular housing (11) carrying:

a puncture means (13);

a drive train (14) adapted to drive the puncture
means between an extended position and a re-
tracted position;

a test strip cartridge (19) containing a plurality
of test strips, each strip having a sample-receiv-
ing area;

a sensor configured to analyze a fluid sample
received on a test strip;

a test strip dispensing system for moving test
strips individually from the cartridge to a sample-
receiving position in which the test strip is con-
nected to the sensor;

an assembly adapted to cock the drive train; and
a trigger (21) adapted to activate the cocked
drive train and move the puncture means to its
extended position to form a puncture in the us-
er's skin, wherein the drive train is adapted to
retract the puncture means after it has reached
its extended position,

characterised in that the assembly is adapted
to cock the drive train whilst simultaneously
moving a test strip into the sample receiving po-
sition for acquiring a sample after the drive train
is subsequently activated.

2. The meter of claim 1, which includes electrical or
electronic circuitry (22) for controllimg its operation.

3. The meter of claim 2, wherein the circuitry includes
a visual display unit (34) from which the user can
read out the result of any particular test.

4. The meter of claim 2 or claim 3, wherein the circuitry
includes means (35) for entering data into the meter.

5. The meterof any one of claims 1to 4, which includes
a pressure device arranged to facilitate the formation
of a drop of fluid around the puncture.

6. The meter of claim 5, wherein the pressure device
comprises a pump adapted to apply a negative pres-
sure to a volume in the meter having an aperture for
location on the skin of the user.

7. The meter of claim 6, wherein the aperture through
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10.

1.

12

13.

14.

15.

16.

17.

18.

19.

which the puncture means extends is made of a non-
slip material.

The meter of claim 5, wherein the pressure device
comprises a pressure ring arranged to be located,
in use, on the user’s skin and to apply pressure at
the edges of the ring to increase the amount of fluid
available at the centre of the ring.

The meter of claim 8, wherein the pressure ring is
made of a non-slip material.

The meter of claim 8 or claim 9, wherein the pressure
ring is shaped to conform to the shape of the area
of the skin to which it is applied,

The meter of any one of claims 8 to 10, wherein the
pressure ring has a multi-contoured surface to in-
crease the pressure gradient from the outside to the
inside of the ring.

The meter of any one of claims 8 to 11, wherein the
pressure ring is part of a cap which cover the punc-
ture means in its retracted position.

The meter of any one of claims 1 to 11, which in-
cludes a cap which cover the puncture means in its
retracted position.

The meter of claim 12 or claim 13, wherein the cap
is detachably mounted on the housing.

The meter of any one of claims 1 to 14, wherein the
drive train is spring driven.

The meter of any one of claims 1 to 15, wherein the
drive train includes an adjustment screw which al-
lows the user to set the extended position of the
puncture means.

The meter of claim 16, wherein the operation of the
adjustment screw is arranged such that the distance
of travel of the puncture means remains constant,
however much the extended position of the puncture
means is changed.

The meter of claim 12 or claim 13 or any claim de-
pendent thereon, wherein the cap provides a means
for guiding the drive train so that the puncture means
punctures the skin at approximately the same place
on each actuation of the drive train.

The meter of any one of claims 1 to 18, wherein the
test strip cartridge comprises a cartridge housing de-
fining a cavity configured to receive a stack of test
strips, a partially detachable cartridge cap and a
means for moving the stack strips towards the car-
tridge cap.
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The meter of claim 19, wherein the cartridge has on
its data relating to the calibration code for the strips
in the cartridge.

The meter of claim 20, wherein the data on the car-
tridge are present in machine-readable format.

The meter of claim 21, wherein the data are present
in an electronic memory module.

The meter of any one of claims 20 to 23, wherein the
data also include a unique number identifying the
specific cartridge, the number of strips originally
present in the cartridge, the expiry date for the car-
tridge, and/or different calibration factors for different
sources of fluid.

The meter of claim 22 or claim 23 when dependent
on claim 22, wherein the memory module on the car-
tridge is rewritable and the meter is arrange to write
back into the memory module information, regarding
operation of the meter.

The meter of any one of claims 1 to 24, wherein the
meter includes a feeding channel which receives the
strip from the cartridge and guides it to the sample-
receiving position.

The meter of any one of claims to 25, which includes
an ejection means for ejecting a used test strip from
the meter once a test has been completed.

The meter of any one of claims 1 to 26, which in-
cludes a deviator which prevents the test strip dis-
pensing system moving a further test strip-into the
sample-receiving position while a first test strip is still
in position.

The meter of any one of claim 2 or claims 3 to 27,
when dependent on claim 2, which includes ameans
for verifying that a strip is in the sample-receiving
position.

The meter of claim 28, wherein the verifying means
is also used to activate fully the circuitry in the meter.

The meter of any one of claims 1 to 29 which is ac-
tivated manually by use of a single movement of mul-
ti-functional assembly carried by the housing.

The meter of any one of claims 1 or 2 or claims 3 to
30, when dependent on claim 2, wherein the strips
are adapted to carry out electrochemical analyses
and the circuitry in the meter is arranged to contact
the electrodes in such strips.

The meter of any one of claims 1 to 31, which is
adapted to carry out blood glucose testing.
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Patentanspriiche

Integriertes Probennahme-Messgerat (10) mit ei-
nem einzelnen modularen Gehause (11), das Fol-
gendes tragt:

ein Punktionsmittel (13);

eine Antriebseinheit (14) zum Antreiben des
Punktionsmittels zwischen einer ausgefahre-
nen Stellung und einer zurlickgezogenen Stel-
lung;

eine Teststreifenkartusche (19) mit einer Viel-
zahlvon Teststreifen, wobei jeder Streifen einen
Probenaufnahmebereich aufweist;

ein Sensor zur Analyse einer Fllissigkeitsprobe,
die auf einem Teststreifen aufgenommen wur-
de;

ein Teststreifen-Spendersystem zum individu-
ellen Bewegen der Teststreifen von der Kartu-
sche in eine Probenaufnahmestellung, in wel-
cherder Teststreifen mitdem Sensor verbunden
ist;

eine Anordnung zum Schieflegen der Antriebs-
einheit; und

einen Trigger (21) zur Aktivierung der schiefge-
legten Antriebseinheit und zur Bewegung des
Punktionsmittels in seine ausgefahrene Stel-
lung zur Bildung einer Punktion in der Haut des
Anwenders, worin die Antriebseinheit das Punk-
tionsmittel zurtickziehen kann, nachdem es sei-
ne ausgefahrene Stellung erreicht hat,
dadurch gekennzeichnet, dass die Anord-
nung die Antriebseinheit schieflegen kann, wah-
rend sie gleichzeitig einen Teststreifen zur Er-
fassung einer Probe nach anschlieRender Akti-
vierung der Antriebseinheit in die Probenauf-
nahmestellung bewegt.

Messgerat nach Anspruch 1, das einen elektrischen
oder elektronischen Kreislauf (22) zur Steuerung
seines Betriebs aufweist.

Messgerat nach Anspruch 2, worin der Kreislauf eine
visuelle Anzeigeeinheit (34) aufweist, von welcher
der Anwender das Ergebnis eines bestimmten Tests
ablesen kann.

Messgerat nach Anspruch 2 oder 3, worin der Kreis-
lauf ein Mittel (35) zur Eingabe von Daten in das
Messgerat aufweist.

Messgerat nach einem der Anspriiche 1 bis 4, das
eine Druckvorrichtung zur Erleichterung der Bildung
eines Flissigkeitstropfens um die Einstichstelle auf-
weist.

Messgerat nach Anspruch 5, worin die Druckvorrich-
tung eine Pumpe umfasst, die einen Unterdruck auf



10.

11.

12.

13.

14.

15.

16.

17.

18.
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ein Volumenim Messgerat aufbringen kann und eine
Offnung zur Anordnung auf der Haut des Anwenders
aufweist.

Messgerat nach Anspruch 6, worin die C")ffnung,
durch die sich das Punktionsmittel erstreckt, aus ei-
nem rutschfesten Material besteht.

Messgerat nach Anspruch 5, worin die Druckvorrich-
tung einen Druckring umfasst, der im Gebrauch auf
der Haut des Anwenders angeordnet wird und Druck
an den Randern des Rings aufbringt, um die in der
Mitte des Rings vorhandene Flissigkeitsmenge zu
erhdhen.

Messgerat nach Anspruch 8, worin der Druckring
aus einem rutschfesten Material besteht.

Messgerat nach Anspruch 8 oder 9, worin der Druck-
ring so geformt ist, dass er sich an die Form des
Hautbereichs, an den er angelegt wird, anpasst.

Messgerat nach einemder Anspriche 8 bis 10, worin
der Druckring eine Oberflache mit mehreren Kontu-
ren zur Erhéhung des Druckgefélles von der AulRen-
seite zur Innenseite des Rings aufweist.

Messgerat nach einemder Anspriche 8 bis 11, worin
der Druckring Teil einer Kappe ist, die das Punkti-
onsmittel in seiner zuriickgezogenen Stellung ab-
deckt.

Messgerat nach einem der Anspriiche 1 bis 11, das
eine Kappe aufweist, die das Punktionsmittel in sei-
ner zuriickgezogenen Stellung abdeckt.

Messgerat nach Anspruch 12 oder 13, worin die Kap-
pe lésbar auf dem Gehduse angeordnet ist.

Messgerat nach einemder Anspriiche 1 bis 14, worin
die Antriebseinheit von einer Feder angetrieben
wird.

Messgerat nach einemder Anspriiche 1 bis 15, worin
die Antriebseinheit eine Stellschraube aufweist, mit
welcher der Anwender die ausgefahrene Stellung
des Punktionsmittels fixieren kann.

Messgerat nach Anspruch 16, worin die Stellschrau-
be so bedient wird, dass die Bewegungsstrecke des
Punktionsmittels konstant bleibt, aber die ausgefah-
rene Stellung des Punktionsmittels verandert wird.

Messgerat nach Anspruch 12 oder 13 oder einem
davon abhangigen Anspruch, worin die Kappe ein
Mittel zur Fihrung der Antriebseinheit bietet, so dass
das Punktionsmittel die Haut bei jeder Betatigung
der Antriebseinheitungefahr an derselben Stelle ein-
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19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29,

24
sticht.

Messgerat nach einem der Anspriiche 1 bis 18, worin
die Teststreifenkartusche ein Kartuschengehause,
das einen Hohlraum zur Aufnahme eines Teststrei-
fenstapels definiert, eine teilweise abnehmbare Kar-
tuschenkappe und ein Mittel zum Bewegen des
Streifenstapels zur Kartuschenkappe umfasst.

Messgerat nach Anspruch 19, worin die Kartusche
Daten in Bezug auf den Kalibrierungscode fir die
Streifen in der Kartusche tragt.

Messgerat nach Anspruch 20, worin die Daten auf
der Kartusche in einem maschinenlesbaren Format
vorliegen.

Messgerat nach Anspruch 21, worin die Daten in ei-
nem elektronischen Speichermodul vorliegen.

Messgerat nach einem der Anspriiche 20 bis 23,
worin die Daten auch eine eindeutige Nummer zur
Identifizierung der jeweiligen Kartusche, der ur-
spriinglich in der Kartusche vorliegenden Strei-
fenanzahl, des Verfalldatums der Kartusche und/
oder von verschiedenen Kalibrationsfaktoren fiir un-
terschiedliche Flissigkeitsquellen aufweist.

Messgerat nach Anspruch 22 oder 23, wenn von An-
spruch 22 abhangig, worin das Speichermodul auf
der Kartusche tberschreibbar ist und das Messgerat
Informationen in Bezug auf die Bedienung des Mess-
gerats in das Speichermodul schreiben kann.

Messgerat nach einemder Anspriiche 1 bis 24, worin
das Messgerat einen Zufiihrungskanal aufweist, der
den Streifen von der Kartusche empféangt und ihn in
die Probenaufnahmestellung fiihrt.

Messgerat nach einem der Anspriiche 1 bis 25, das
ein Auswurfmittel zum Auswerfen eines gebrauch-
ten Teststreifens aus dem Messgerat nach Ab-
schluss des Tests aufweist.

Messgerat nach einem der Anspriiche 1 bis 26, das
einen Deviator aufweist, der verhindert, dass das
Teststreifen-Spendersystem einen weiteren Test-
streifen in die Probenaufnahmestellung bewegt,
wahrend sich noch ein Teststreifen darin befindet.

Messgerat nach einem der Anspriiche 2 oder der
Anspriche 3 bis 27, wenn abhangig von Anspruch
2, das ein Mittel zur Verifizierung, dass sich ein Test-
streifen in der Probenaufnahmestellung befindet,
aufweist.

Messgerat nach Anspruch 28, worin das Verifizie-
rungsmittel auch zur vélligen Aktivierung des Kreis-



30.

31.

32.

25
laufs im Messgerat verwendet wird.

Messgerat nach einem der Anspriiche 1 bis 29, das
durch Verwendung einer einzigen Bewegung einer
multifunktionalen Anordnung, die vom Gehause ge-
tragen wird, manuell aktiviert wird.

Messgerat nach einem der Anspruiche 1 oder 2 oder
der Anspriche 3 bis 30, wenn abhangig von An-
spruch 2, worin die Streifen elektrochemische Ana-
lysen durchflihren kénnen und der Kreislauf im
Messgerat mit den Elektroden in solchen Streifen in
Kontakt kommt.

Messgerat nach einem der Anspriiche 1 bis 31, das
Blutzuckertests durchfiihren kann.

Revendications

1.

2.

Appareil intégré d’analyse d’échantillons (10) com-
portant un seul logement (11) modulaire portant :

un moyen (13) de perforation ;

un dispositif (14) d’entrainement congu pour en-
trainer le moyen de perforation entre une posi-
tion déployée et une position rétractée ;

une cartouche (19) de bandelettes réactives
contenant une pluralité de bandelettes réacti-
ves, chaque bandelette étant munie d’'une zone
de réception d’échantillon ;

un capteur configuré pour analyser un échan-
tillon de fluide regu sur une bandelette réactive ;
un systéme de distribution de bandelettes réac-
tives pour déplacer individuellement les bande-
lettes réactives de la cartouche a une position
de réception d’échantillon dans laquelle la ban-
delette réactive est reliée au capteur ;

un assemblage congu pour armer le dispositif
d’entrainement ; et

un déclencheur (21) congu pour activer le dis-
positif d’entrainement armé et déplacer le
moyen de perforation a sa position déployée de
fagon a effectuer une perforation sur la peau de
l'utilisateur, le dispositif d’entrainement étant
congu pour rétracter le moyen de perforation
une fois la position déployée de ce dernier at-
teinte,

caractérisé en ce que 'assemblage est congu
pour armer le dispositif d’entrainement tout en
déplagant simultanément une bandelette réac-
tive dans la position de réception d’échantillon
afin d’acquérir un échantillon aprés I'activation
subséquente du dispositif d’entrainement.

Appareil d’analyse selon la revendication 1, qui com-
prend des circuits (22) électriques ou électroniques
pour commander son fonctionnement.
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3.

10.

1.

12,

13.

26

Appareil d’analyse selon la revendication 2, dans le-
quel les circuits comprennent un écran (34) de vi-
sualisation sur lequel l'utilisateur peut lire les résul-
tats de n’importe quelle analyse particuliére.

Appareil d’'analyse selon la revendication 2 ou la re-
vendication 3, dans lequel les circuits comprennent
un moyen (35) pour saisir des données dans I'appa-
reil d’analyse.

Appareil d’analyse selon 'une quelconque des re-
vendications 1 a 4, qui comprend un dispositif de
pression agencé pour faciliter la formation d’'une
goutte de fluide autour de la perforation.

Appareil d’analyse selon la revendication 5, dans le-
quel le dispositif de pression comporte une pompe
congue pour appliquer une pression négative sur un
volume dans l'appareil d’analyse pourvu d'une
ouverture pour la placer sur la peau de I'utilisateur.

Appareil d’'analyse selon la revendication 6, dans le-
quel I'ouverture a travers laquelle s’étend le moyen
de perforation est fabriquée dans un matériau non
glissant.

Appareil d’'analyse selon la revendication 5, dans le-
quel le dispositif de pression comporte une bague
de pression agencée pour étre placée, pendant I'uti-
lisation, sur la peau de l'utilisateur et pour appliquer
une pression au niveau des bords de la bague afin
d’augmenter la quantité de liquide disponible au ni-
veau du centre de la bague.

Appareil d’analyse selon la revendication 8, dans le-
quel la bague de pression est fabriquée dans un ma-
tériau non glissant.

Appareil d’analyse selon la revendication 8 ou la re-
vendication 9, dans lequel la bague de pression est
fagonnée de fagon a se conformer a la forme de la
zone de la peau sur laquelle elle est appliquée.

Appareil d’analyse selon 'une quelconque des re-
vendications 8 a 10, dans lequel la bague de pres-
sion présente une surface a contours multiples pour
accroitre le degré de pression de I'extérieur vers I'in-
térieur de la bague.

Appareil d’analyse selon 'une quelconque des re-
vendications 8 a 11, dans lequel la bague de pres-
sion fait partie d’'un capuchon qui recouvre le moyen
de perforation dans sa position rétractée.

Appareil d’analyse selon I'une quelconque des re-
vendications 1 a 11, qui comprend un capuchon re-
couvrant le moyen de perforation dans sa position
rétractée.



14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

27

Appareil d’analyse selon la revendication 12 ou la
revendication 13, dans lequel le capuchon est monté
de maniere amovible sur le logement.

Appareil d’analyse selon I'une quelconque des re-
vendications 1 a 14, dans lequel le dispositif d’en-
trainement est entrainé par ressort.

Appareil d’'analyse selon I'une quelconque des re-
vendications 1 a 15, dans lequel le dispositif d’en-
trainement comprend une vis de réglage qui permet
a l'utilisateur de définir la position déployée du
moyen de perforation.

Appareil d’analyse selon la revendication 16, dans
lequel le fonctionnement de la vis de réglage est
agenceé de sorte que la distance de déplacement du
moyen de perforation reste constante, quelle que
soit 'ampleur du changement de la position dé-
ployée du moyen de perforation.

Appareil d’analyse selon la revendication 12 ou la
revendication 13 ou l'une quelconque des revendi-
cations selon laquelle elle dépend, dans lequel le
capuchon fournit un moyen de guidage du dispositif
d’entrainement de fagon a ce que le moyen de per-
foration perfore la peau a peu prés au méme endroit
achaque actionnement du dispositif d’entrainement.

Appareil d’analyse selon I'une quelconque des re-
vendications 1 a 18, dans lequel la cartouche de ban-
delettes réactives comporte un logement de cartou-
che délimitant une cavité configurée pour recevoir
une pile de bandelettes réactives, un capuchon de
cartouche partiellement amovible et un moyen de
déplacement de la pile de bandelettes vers le capu-
chon de cartouche.

Appareil d’analyse selon la revendication 19, dans
lequel la cartouche a sur elle ses données se rap-
portant au code d’étalonnage pour les bandelettes
dans la cartouche.

Appareil d’'analyse selon la revendication 20, dans
lequel les données sur la cartouche sont présentes
dans un format lisible par machine.

Appareil d’'analyse selon la revendication 21, dans
lequel les données sont présentes dans un module
de mémoire électronique.

Appareil d’analyse selon I'une quelconque des re-
vendications 20 a 23, dans lequel les données com-
prennent aussi un numéro unique identifiant la car-
touche spécifique, le nombre de bandelettes présen-
tes initialement dans la cartouche, la date d’échéan-
ce de la cartouche, et/ou différents facteurs d’éta-
lonnage pour différentes sources de fluides.
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24,

25.

26.

27.

28.

29.

30.

31.

32.

28

Appareil d’analyse selon la revendication 22 ou la
revendication 23 lorsque dépendant de la revendi-
cation 22, dans lequel le module de mémoire sur la
cartouche est réinscriptible et 'appareil d’analyse
estagencé pour réécrire dans le module de mémoire
les informations relatives au fonctionnement de I'ap-
pareil d’analyse.

Appareil d’analyse selon I'une quelconque des re-
vendications 1 a 24, dans lequel I'appareil d’analyse
comprend un canal d’alimentation qui regoit la ban-
delette depuis la cartouche et la guide vers la position
de réception d’échantillon.

Appareil d’analyse selon I'une quelconque des re-
vendications 1 a 25, qui comprend un moyen d’éjec-
tion d’'une bandelette réactive usagée d’un appareil
d’analyse une fois I'analyse terminée.

Appareil d’analyse selon 'une quelconque des re-
vendications 1 a 26, qui comprend un dispositif de
déviation qui empéche le systéme de distribution de
bandelettes réactives de déplacer une autre bande-
lette réactive dans la position de réception d’échan-
tillon lorsqu’une premiére bandelette réactive esten-
core position.

Appareil d’analyse selon la revendication 2 ou I'une
quelconque des revendications 3 a 27, lorsque dé-
pendante de la revendication 2, qui comprend un
moyen de vérification qu’une bandelette est dans la
position de réception d’échantillon.

Appareil d’analyse selon la revendication 28, dans
lequel le moyen de vérification est aussi utilisé pour
activer entierementles circuits dans I'appareil d’ana-
lyse.

Appareil d’analyse selon 'une quelconque des re-
vendications 1 a 29 qui est activé manuellement par
I'utilisation d’'un seul déplacement de 'assemblage
multifonctionnel porté par le logement.

Appareil d’analyse selon I'une quelconque des re-
vendications 1 ou 2 ou des revendications 3 a 30,
lorsque dépendante de la revendication 2, dans le-
quel les bandelettes sont congues pour réaliser des
analyses électrochimiques et les circuits dans I'ap-
pareil d’analyse sont agencés pour établir un contact
avec les électrodes dans ces bandelettes.

Appareil d’analyse selon I'une quelconque des re-
vendications 1 a 31, qui est congu pour réaliser des
analyses du glucose dans le sang.
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