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Description

Field of the Invention

[0001] This application relates to an electrochemical
apparatus for the detection of analytes, and particularly
glucose, in blood or interstitial fluid.

Background of the Invention

[0002] Glucose monitoring is a fact of everyday life for
diabetic individuals, and the accuracy of such monitoring
can literally mean the difference between life and death.
To accommodate a normal life style to the need for fre-
quent monitoring of glucose levels, a number of glucose
meters are now available which permit the individual to
test the glucose level in a small amount of blood. Many
of these meters detect glucose in a blood sample elec-
trochemically, by detecting the oxidation of blood glucose
using an enzyme such as glucose oxidase provided as
part of a disposable, single-use electrode system. Exam-
ples of devices of this type are disclosed in European
Patent No. 0 127 958, and US Patents Nos. 5,141,868,
5,286,362, 5,288,636, and 5,437,999.

[0003] To use these meters, the user pricks a finger or
other body part to produce a small sample of blood or
interstitial fluid which is then transferred to the disposable
electrode system. This can cause problems, because of
the need to take several measurements a day. The big-
gest drawback to routinely drawing small blood samples
is the pain inflicted by the currently available lancets or
finger-sticking devices. The mostfavored site of sampling
is the rich capillary bed of the skin of the finger tip which
readily yields a drop of blood from a small cut. The finger
tipis alsorich in pain receptors, and the pain is increased
when the incision is too deep, or is too close to a recent
incision, or is not deep enough requiring an additional
incision. The pain maybe also be increased if the cutting
blade penetrates slowly or is withdrawn slowly. Further-
more, the user may be forced to make a larger incision
than is necessary in order to get a drop of blood to form
for transfer to the measuring strip. Because of this, dif-
ferent designs for lancing devices have been proposed
which are designed to facilitate use of the device and
limit the pain associated with the procedure. Examples
of lancing devices are described in US Patents Nos.

4,924,879, 5,201,324, 5,318,584, 5,879,311, and
5,879,367.
[0004] International Patent Publication No.

WO095/10223 describes a device for collection of inter-
stitial fluid. The device can include a membrane on which
sample is collected and dried. This membrane is then
transferred to an external device for analysis.

[0005] Each of these known devices for the electro-
chemical monitoring of glucose by a diabetic involves a
two-step process, in which the skin is first pierced to ob-
tain a sample and this sample is transferred to a sensor
for analysis. This presents several drawbacks. First, the
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user must transfer blood into the detection apparatus
which requires a measure of dexterity to align the drop
of blood on the finger with the sample-receiving opening
of the sensor or meter. Second, because of this transfer,
the amount of blood or fluid extracted from the patient
may be inappropriate for the sensor, either being too little
to provide an accurate measurement or too much, which
can increase the amount of pain associated with the pro-
cedure.

[0006] US Patent No. 4,637,403 discloses a self-con-
tained device for lancing and testing blood glucose using
colorimetry. US Patent No. 5,054,499 discloses a color-
imetric device in which a lancet punctures an absorbent
member which includes reagents for the colorimetric de-
tection of glucose prior to puncturing the skin. US Patents
Nos. 5,682,233 and 5,823,973 disclose a sampling de-
vice which is sized to allow it to be mated with a testing
apparatus for optical analysis of a sample. US Patent No.
5,746,217 discloses a lancet in which a capillary tube is
used to capture sample, which is there analyzed by in-
frared spectroscopy in the capillary. US Patent No.
5,879,310 discloses a device in which a lancet punctures
the skin and the sample resulting sample of body fluid is
transported for analysis in an optical system. WO 97/42
882 discloses an apparatus in which a cutting member
pieces the skin and the sample is analysed in an optical
or electrochemical analyze.

[0007] US Patent No. 4,953,552 discloses a device for
electrochemical glucose detection in which reagents for
generating the electrochemical signal are coated directly
onto the lancet, and thus come into contact with the sam-
ple without further user intervention. In this device, there
is no spring action to drive the needle, and the needle is
simply pressed in by the user. This makes control of the
puncture difficult. Furthermore, replacement of the lancet
and reagent are inconvenient in the device as disclosed,
and mass production of sensors would be difficult.
[0008] Thus, there remains room for improvement in
the manner in which fluid samples are collected and an-
alyzed.

Summary of the Invention

[0009] The presentinvention provides animproved ap-
paratus according to claim 1 and 2.

Brief Description of the Drawings

[0010]

Fig. 1 shows an exterior view of an apparatus not in
accordance with the invention;

Figs. 2A-C show sectional views of a device not in
accordance with the invention;

Figs. 3A-C show a schematic representation of an
arrangement of the sensor and the lancet not in ac-
cordance with one embodiment of the invention;
Figs. 3D and E show a sensor for use in an alternative
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embodiment not part of the invention;

Fig. 4 shows an exemplary sensor assembly for elec-
trochemical detection of an analyte;

Figs. 5A-C show a specific embodiment of a sensor
32 for incorporation in a sensor assembly not in ac-
cordance with the invention;

Fig. 5D shows an further embodiment of a sensor
assembly not in accordance with the invention;
Figs. 6A-C show an schematic representation of an
alternative embodiment not part of the invention;
Fig. 7 shows a cross-section of an embodiment of a
sensor assembly for use in the embodiment of the
invention shown in Fig. 6;

Figs 8A-G show an embodiment of the invention;
Figs. 9A and B show the preparation of a sensor with
multiple electrode sites;

Fig. 9C shows an apparatus in accordance with the
invention; and

Fig. 10 shows a schematic representation of the
electronics which can incorporated in an apparatus
in accordance with the invention.

Detailed Description of the Invention

[0011] The apparatus of the present invention is an
integrated lancing and analysis device which does not
require a separate action for the transfer of the sample
from the puncture site to a strip for analysis. This appa-
ratus includes a meter unit, in which the electronics for
analysis of a sample and display of a result are located,
a cutting member (i.e, a lancet or hollow needle) and an
electrochemical sensor. The electrochemical sensor in-
cludes an "sample uptaking or accepting member" for
the uptake of sample. As used in the specification and
claims hereof, the term "sample uptaking or accepting
member" encompasses various methods for achieving
the direct transfer of a liquid sample from the sampling
site to the electrochemical sensor, including but not lim-
ited to absorptive materials, such as a wick, sponge or
absorptive pad, which take up liquid and cannula’s
through which liquid is transferred. The uptake of liquid
may be a result of inherent capillarity or surface tension
forces resulting from the structure of the absorptive ma-
terial or the size of the analysis chamber or cannula, or
it may be an active absorption stimulated by application
of suction. In fact, the term "sample uptaking or accepting
member" should be understood to encompass any
means that enables transfer of sample from the sample
site to the electrode of the sensor. For example, the sam-
ple uptaking or accepting member could be the active
portion of the sensor itself. The size or volume-uptaldng
capcity of the sample uptaking or accepting member
would be influenced by the volume of sample to be an-
alyzed, which would typically be on the order of 100 nl
to 10 pl.

[0012] Fig. 1 shows an exterior view of an embodiment
of an apparatus not in accordance with the invention,
although it will be appreciated that the overall shape of
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the device is a matter of design choice and is thus pro-
vided here solely for purposes of illustration. The device
as shown allows for an easy grip by one hand, while
providing good visibility of the display. In addition, it is
easy to handle when sampling from alternative sites like
the palm of the hand, the arm or the abdomen.

[0013] As shown, the device comprises a housing 1 of
a size easily held in one hand. A display 2 is visible to
the user on the outside of the housing 1. A skin-contact
ring 3 is disposed at the sample end 4 of the device, while
a button for activating a sample/measurement cycle is
disposed at the opposite end 6. Ejector slide 7 ejects
used lancets and electrochemical sensors when itis shift-
ed towards the sample end 4, and is also used to lock
the device. Optional button 5 is used to set the penetra-
tion depth of the lancet.

[0014] Figs. 2A-C show sectional views of the device
of Fig 1 showing the internal mechanism for engaging
and moving the lancet, the electronics 21 for transfer of
an electrical signal from a sensor (not shown in Fig. 2)
to the display 2. An electrical contact 22 is provided near
the end of the housing 1 for making electrical contact with
a sensor, and is connected to the electronics via a con-
ductive element 23. The three figures illustrate the oper-
ation of the device.

[0015] InFig. 2A, the device is shown in arest position,
prior to sampling. There is no tension on the spring 20.
Plunger 24 is attached to the lancet holder 29 and to a
cocking button 27. The spring is attached to the lancet
and bears on the lancet to allow both pushing out on the
lancet from the cocked position and retraction of the lan-
cet from a piercing position. Pores 28 allow air to move
out of the space defined by a valve 26 and skin pressed
against the skin-contact ring 3. The valve is a one-way
valve which permits the flow of air from this space, but
not into it. Catch 29 holds the cocking button 27 in place
until released manually. To cock the device the cocking
button 27 is pushed up to the catch 29, causing the lancet
assembly and the valve to move upwards, compressing
spring 20 as shown in Fig. 2B. The cocked device is then
pressed against the skin and catch 29 is released. This
results in the lancet assembly being driven downwards
to puncture the skin as shown in Fig. 2C. During this
downwards movement, pressure does not increase in
the region between the plunger 24 and the skin because
of the one-way valve 26. However, because the spring
passes through its equilibrium position, there is a back-
wards motion of the lancet assembly after the skin is
pierced and this motion results in the creation of reduced
pressure in this region.

[0016] Animportantfeature of the device of the present
invention which enables true one-step operation is use
of an arrangement of the lancet and sensor to allow "in
situ" sampling without movement of the apparatus. Figs.
3A-C show a schematic representation of one such ar-
rangement. Fig. 3A shows the device in a ready-to-use
state. The lancet 31 is disposed within the housing 1 and
is engaged with the means for moving the lancet (not
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shown). The sensor strip 32 is part of a sensor assembly
33 that includes the skin-contact ring 3 and a collar 34
for coupling the assembly to the housing 1. The skin-
contact ring 3 is pressed against the skin of the user,
which causes an upwelling of tissue in the region sur-
rounded by the skin-contact ring. When the device is ac-
tivated, the lancet device 31 moves downward, piercing
first the sensor 32 and then the skin as shown in Fig. 3B.
The lancet 31 is then retracted, and blood or fluid flowing
from the pierced skin wicks into the sensor. (Fig. 3C).
The sensor may be designed such that the lancet pierces
the sensor through a weak spot 98 (see Fig. 3D). This
weak spot, which is an integral part of the sensor, may
be the sample accepting uptake means.

[0017] According to an alternative embodiment, the
lancet device pierces the skin without first piercing the
sensor assembly. The sensor is designed to be placed
in close proximity to the sample which is obtained by this
piercing, so that transfer of the sample to the sensor oc-
curs as part of a single-step sample acquisition and anal-
ysis process without movement of the housing. In such
an embodiment, the sensor is positioned in relation to
the cutting device, and therefore in relation to the position
ofthe sample, such that the sample uptaking or accepting
means would be in close proximity to or touching the
sample formed as a consequence of the cutting device
piercing the skin, such that transfer of the sample to the
sensor is enabled. The sample uptaking and accepting
member could be an integral part of the sensor, for ex-
ample as illustrated in Fig. 3D, or it could be an external
part of the sensor, for example wick 97 as shown in Fig.
3E. The angle of the sensor with respect to the sample
can be varied, and can be any angle which facilitates
efficient sample transfer.

[0018] In the embodiment not part of the invention as
shown in Figs. 3A-3C, the lancet 31 and the sensor as-
sembly 33 are separate. The lancet used in this embod-
iment may be of conventional design compatible with the
means for moving the lancet and the size of the housing.
Various forms of lancets and associated means for mov-
ing the lancet are known in the art, including for example
in US Patents Nos. 4,924,879; 5,196,025; 5,304,193 and
5,318,583. The sensor assembly is a novel component
adapted for use in the present invention, and itself forms
an aspect of the invention. Fig. 4 shows a cross section
in greater detail of an exemplary sensor assembly for
electrochemical detection of an analyte. As shown, the
sensor 32 has areagent pad 41 disposed in approximate
alignment with one edge of the opening 42 defined by
the skin-contact ring 3. The collar 34 has a lip 43 against
which the housing 1 of the meter bears when the sensor
assembly is attached to the meter. Electrical contacts 44
and 45 are accessible through an opening in the lip 43 .
An insulating pad may be provided so that conductivity
between the connectors only occurs in the vicinity of the
reagent pad when a liquid sample is present. When the
housing 1 of the meter is inserted in the sensor assembly,
electrical contact is made via electrical contacts 44 and
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45.

[0019] In the sensor assembly of Fig. 4, the sensor 32
is disposed adjacent to the skin-contact ring 3 and ex-
tends across one end of the open space 42 defined with
the skin-contact ring. The sensor comprises reagents 41
and electrodes for generation of an electrochemical sig-
nal in response to the presence of analyte and an ad-
sorptive member for absorbing fluid placed within the
central opening of the ring and transporting the fluid into
reactive proximity to the reagents, and an electrical con-
tact for transmitting the electrochemical signal from the
sensor. The reagents are selected to provide an electro-
chemical signal in response to the presence of analyte.
In the case of glucose, suitable reagents would include
an enzyme capable of oxidizing glucose (for example
glucose oxidase), and a mediator compound which trans-
fers electrons from the enzyme to the electrode resulting
in a measurable current when glucose is present. Rep-
resentative mediator compounds include ferricyanide,
metallocene compounds such as ferrocene, quinones,
phenazinium salts, redox indicator DCPIP, and imida-
zole-substituted osmium compounds. Working elec-
trodes have been formulated using materials of this type
ina number of ways. For example, mixtures of conductive
carbon, glucose oxidase and a mediator have been for-
mulated into a paste or ink and applied to a substrate.
See, EP 0 127 958 and US 5,286,362.

[0020] Figs. 5A-C show the assembly of a specific em-
bodiment of a sensor 32 for incorporation in a sensor
assembly not in accordance with the invention. Contacts
53 and leads 55 are formed on a non-conductive sub-
strate 51. In the embodiment shown in Fig. 5A, three set
of contacts and three sets of leads are formed to create
two working electrodes with reagents 52 and one refer-
ence electrode. The contacts and leads are suitably
formed from conductive carbon inks, although other con-
ductive materials may also be used. The electrodes may
be formed by printing. Groups of sensors are suitably
formed on a sheet of material and then cut apart for use.
[0021] The substrate 51 may advantageously be
formed from a material which is sufficiently strong that
the lancet will not pierce through the substrate material.
This avoids contamination issues in the event of faulty
lancet alignment. In this case, however, the substrate 51
needs to have an opening 54 or a weak spot through
which the lancet can pass. Suitable materials for the sub-
strate include polyester strips, high density polyethylene
and ABS.

[0022] After the electrodes have been formed, a wick
layer 56 is placed over the opening 54 and the electrodes,
including the reagent pads 52 (Fig. 5B). This wick acts
as an absorbent member to draw sample into the sensor
and guide it to the electrodes. Suitable materials include
nylon mesh. In some cases, however, no separate wick
is necessary, as when the hole 54 in the substrate 51
inherently provides a capillary channel to the reagent
pads 52 of the electrodes. Polymer film layers could also
be used instead of or in combination with a wick to define
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a capillary channel for absorption of the sample to the
electrodes.

[0023] Over the wick (if present) and the electrodes a
print of an insulation ink 57 is provided. The insulation
ink holds the wick in place, and defines the path through
which sample can migrate. Thus, the insulation ink in-
cludes an opening having a hole in alignment with the
hole 54 and a contiguous region extending over the re-
agent pads 52 of the electrodes. Contacts 53 remain ex-
posed outside the edges of the insulating ink print 57 for
making contact with the meter. Optionally, a top cover
can be added to protect the reactants. Such a top cover
could be made form a polymeric film such as polyester.
[0024] The sensor of Figs. 5A-C may be assembled
with a skin contact ring and collar as shown in the Fig.
4. Fig. 5D shows an alternative configuration. Sensor 32
is supported on a skin contactring 3. A collar 534 is affixed
to the edge of the skin contact ring 3 and sized to receive
the distal end 535 of the meter unit. O-rings 536 provide
a tight seal between the collar 534 and the distal end of
the meter unit 535. A contact 522 on the distal end of the
meter unit 535 makes electrical contact directly with the
contact portions of the sensor (for example contacts 53
in Fig. 5A).

[0025] Figs. 6A and 6 B show a schematic represen-
tation of an alternative embodiment not part of the inven-
tion. In this case, the lancet 61 is a hollow cannula dis-
posed adjacent to the sensor 62. The lancet 61 and the
sensor 62 can be fabricated as a single unit which is
loaded into a housing 1 for use. The housing desirably
includes a skin-contact ring 3 which creates pressure to
displace blood or interstitial fluid out of a puncture created
by the lancet 61. When the device is activated, the lancet
and the sensor are driven downwards as a unit to punc-
ture the skin. (Fig. 6B) The sample is then drawn up
through the lancet to the sensor. The dwell time in the
piercing position is long enough to permit sufficient sam-
ple to be drawn into the sensor. Alternatively, the move-
ment of the lancet may be in only one direction, with the
entire device being moved away when sufficient sample
has been collected. As discussed in more detail below,
this latter option can be facilitated by the use of a device
which provides an audible or other signal to the user when
sufficient sample has been collected.

[0026] Fig. 6C shows an apparatus not in accordance
with the inventionincluding a sensor assembly of the type
shown in Figs. 6A and 6B. In this apparatus, the sensor
62 has an integral lancet 61, and is slidably received in
a first housing portion 67. The distal end 3 of the first
housing portion 67 is pressed against the skin of the user,
causing the compression of spring 66 and the exposure
of the lancet for piercing of the users skin. When the
apparatus is removed from the skin, the spring 66 causes
the first housing portion 67 to move outward, to once
again shield the end of the lancet. The sensor 62 is in
electrical contact with a contact 22 which in turn is in
electrical contact with the electronics 21 via a connector
23. A vacuum plunger 24 is disposed within a second
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part of the housing 68 for creating a suction to draw in
blood or fluid.

[0027] Fig. 7 shows a cross-section of an embodiment
of a sensor assembly for use in the embodiment shown
in Fig. 6. The assembly includes a collar portion 71 and
a base portion 72. These portions can be made as a
continuous piece of material or they may be made from
separate pieces joined together, for example with an ad-
hesive. A hollow lancet 73 passes through the base por-
tion 72, such that the hollow interior 74 of the lancet is in
contact with the sensor 75. The sensor may extend over
a greater area than the collar portion, as shown, or a lip
extending from the interior surface of the collar may be
utilized to hold the sensor 75 in place. The second portion
of the housing 68 may bear on this lip, or in the embod-
iment shownin Fig. 7 on an annular surface 79 surround-
ing the collar 71. Electrical contact is made through an
opening in this annular surface 79, for example via con-
tacts 77, 78. Contacts 77, 78 may also be formed on the
interior wall of the collar portion. The sensor 75 may have
the same type of structure as shown in Fig. 5. Reagents
may also be disposed directly on the lancet, or in a lancet
lumen.

[0028] Figs. 8A-G shows an embodiment of the inven-
tion. The device can operate manually (no automatic tim-
ing function) or perform a test procedure on demand from
the meter. In the latter case, the meter housing 81 con-
tains a plurality of lancet/sensor pairs and a timing mech-
anism for automatically using the pairs at pre-defined
time intervals. The length of the pre-defined time interval
is related to the number of lancet/sensor pairs and to the
frequency with which testing for the target analyte is de-
sired. For example, in a device for testing for blood glu-
cose, with twelve lancet/sensor pairs, the time interval is
suitably between one and four hours. This results in a
need to replace the lancet/sensors at reasonable inter-
vals, for example twice a day, once a day, or once every
other day. The timing can also be shorter, for example
every minute, or can be selected using a logic circuit.
Thus, for example, in the case of a rapidly changing glu-
cose level (as determined by the difference between two
successive measurements), the logic circuit in the meter
may be configured to decrease the interval between sub-
sequent measurements until such time as the glucose
level stabilizes. The meter may also be configured to take
several initialreadings at shorttime intervals to determine
a suitable baseline test interval based on the degree of
variations in the results. This baseline test interval may
be used for all subsequent measurements in the test cy-
cle, or it may be shortened as described above in re-
sponse to changes in glucose levels.

[0029] A suitable format for an embodiment of the in-
vention in which the housing contains a plurality of lan-
cet/sensor pairs is the watch-type format as shown in
Figs. 8A and 8B. The apparatus comprises the housing
81 and a strap 82. The housing has a bottom side 83,
through which contact is made between the lancets and
the skin of the user (shown in Fig. 8A), and a top side 84
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(shownin Fig. 8B) on which the test results are displayed.
The device may be strapped like a watch around the wrist
of a user, as shown in Fig. 8B, or about the forearm or
upper arm. Once in place, the device is activated and a
number of tests may be automatically performed without
further action by the user and the result are displayed,
individually or as a summary of a number of tests on the
display. Alternatively, the device or the sensor disk may
be self-attaching (for example using a skin-compatible
adhesive). This provides utility on any body surface, and
eliminates the need for a strap.

[0030] Figs. 8C-F show an exploded view of the com-
ponent parts of an apparatus m accordance with this em-
bodiment of the invention. Closest to the bottom side 83
of the apparatus is a sensor disk 84. The sensor disk 84
comprises a substrate 810 on which are formed a plurality
of sensors 812. Each sensor includes areagent pad 814
in contact with a pair of electrodes 816, 818. The sensor
disk 84 has a central opening to allow the trigger mech-
anism (the spindle/ramp) to pass through. The sensor as
a whole is bonded together with glue, ultrasonic welding
or with snap-together fittings.

[0031] Above and coaxial with the sensor disk 84 is
placed a spacer ring 85 (Fig. 8D). The spacer ring 85
provides a defined area surrounding each sensor 812,
so that fluids contacting one sensor will not interact with
adjacent sensors. Alternatively, the insulation print or
capillary channels can provide this isolation. As shown,
spacer ring 85 has a hub 820, a rim 822 and a plurality
of spokes 824. The spacer ring 85 is placed over the
sensor disk 84 such that one sensor 812 is positioned in
the space between each adjacent pair of spokes 824.
The rim may include electrical contacts for conducting
signal indicative of the amount of analyte from the elec-
trodes 816, 818 of each sensor pair.

[0032] Over and coaxial with the spacer ring 85 is
placed a cam ring 86 (Fig. 8E). The cam ring has a ramp
portion 830, such that rotation of the cam ring 85 results
in an increase in the thickness of the cam ring 86 when
viewed at a fixed location. The cam ring 86 has a central
opening through which a screw or similar fastener is in-
serted to assemble the completed device. The opening
preferably has a faceted or toothed edge, however, to
allow engagement of the cam ring 86 with a drive mech-
anism for rotating the cam ring.

[0033] Overand coaxial with the camring 86 is a lancet
ring 87. The lancet ring 87 has a rim 840 and a plurality
of lancet spokes 842, each of which has a free center
end. Thelancetring 87 is positioned such that each lancet
spoke 842 is aligned with a space between the spokes
824 of the separator ring 85. The lancet spokes 842 are
made of a flexible material with substantial memory such
as spring steel. A lancet 844 is attached to each lancet
spoke 842 near the center-end of the lancet spoke 842,
oriented in a downward direction so that the point of the
lancet 844 is directed towards the sensor disk 84. The
lancet spokes 842 are of a length such that they interact
with the cam ring 86 lying beneath the lancet spokes.
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When the device is first assembled, one of the lancet
spokes (arbitrarily referred to as the first lancet spoke) is
substantially aligned with highest part of the ramp portion
830 and is thus deflected upwards from its neutral or rest
position. When the cam ring 86 is rotated a partial turn,
this first lancet spoke is moved off the end of the ramp
and springs downward, piercing through the underlying
sensor disk 84 and the skin of the user. At the same time,
the "second" lancet spoke is moved into position at the
highest part of the ramp portion 830, and each of the
other lancet spokes is shifted to a position of increased
deflection. Thus, each partial rotation of the cam ring 86
brings about one sampling and measurement activity.
[0034] Fig. 8 G shows a cross section of an assembled
device incorporating a sensor system assembly of the
type shown in Figs. 8A-F. Spacerring 85 is received with-
in an opening on the bottom of a housing 801. Sensor
disk 84 is disposed exterior to the housing, and has a
larger diameter than the spacer ring 85 such that it can
make electrical contact with contacts 802 disposed on
the bottom of the housing. A small motor 803, such as a
stepper motor, is engaged with the cam ring 86 to rotate
it with respect to the sensor assembly, thereby sequen-
tially activating the lancets associated with the sensors.
The motor 803 is controlled by electronics 804, which
also receive signal from the contacts 802, process the
signal and transmit instructions for an appropriate display
to the display 805. A small vacuum pump 806 (for exam-
ple amembrane pump or actuator pump) is also disposed
within the housing 801 to create a suction which draws
sample into the sensors. This pump may be on continu-
ously, or it may be controlled by the electronics to be
active for a period of time spanning the activation of the
motor to rotate the cam ring. Alternatively, the vacuum
pump could be activated prior to lancing, with a sufficient
underpressure acting as a signal to start the lancing cy-
cle.

[0035] The sensor disk 84 can be fabricated in much
the same way as the sensor shown in Figs. 5A-C. Thus,
asillustrated in Figs. 9A and B, contacts 91 are deposited
around the periphery of a electrodes are deposited on
substrate 92 in sets of three radially outwards from open-
ings (or weak spots) 93. One of the electrodes in each
setis areference electrode, while the other two are work-
ing electrodes which include reagents appropriate for
generating a signal indicative of the amount of the target
analyte. Next, a mesh strip 94 is applied over each open-
ing 93 and each set of electrodes. Over the top of the
mesh an insulation layer 95 is formed. Once the sensor
disk is formed, it is assembled with the other components
to form the complete device.

[0036] Fig. 9C provides a further view of such adevice,
which includes a skin contactring 96 on the lower surface.
The skin contact ring 96 surrounds an opening 97 through
which the lancets 98 pass to pierce the skin of the user.
This opening 96 moves with the rotation of the spindle
99, such that comes successively into alignment with
each of the electrode sets. In the embodiment shown in
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Fig. 9C, the lancets are pre-tensioned by the spindle
when the sensor assembly is put together. Slot 990 in
the top of the spindle 99 allows the aligned lancet to drop
through the spindle, to pierce the underlying skin. The
upper case 901 of the assembly seals to the base portion
902 with an O-ring 903 seal. Electrical contact is made
between this upper case 901 and contacts 91 via contact
904. This allow the analytical electronics to be located
away from the sensor disk where they are not at risk of
being exposed to fluid, and where they can be reused.
Because of the sealing engagement of the upper case
901 with the base portion 902, the contact 904 also ro-
tates and comes into contact with one electrode set at a
time. In the case of a device "permanently" attached to
the skin there would be as many skin-contact rings as
there are sensors. Only the spindle moves, testing with
a fresh lancet and a fresh sensor at a different sampling
site each time.

[0037] Fig. 10 shows a schematic representation of the
electronics which can incorporated in a device in accord-
ance with the invention. As shown, input signals are pro-
vided from the sensors and from any included skin-con-
tact or sufficient-sample detector systems to a signal
processing system. These signals are transmitted via an-
alog circuitry to a processor which performs data analy-
sis. This processor provides a signal to display driver
which is connected (via a wired or wireless connection)
to an output display. The processor may also provide a
signal via a wired or wireless connection to an alarm gen-
erator. The display and the alarm generator together con-
stitute the output portion of the device. The data analysis
processor also communicates with a memory device, for
example an EEPROM, in which informationincluding cal-
ibration information and previous results may be stored.
A timer is also provided which is activated by the data
analysis software. This timer provides functional output
signals to control a steeper motor (for rotating the sensor
disk or spindle) and a vacuum generator (if present). Val-
ues from the timer may also be stored in the memory
EEPROM for utilization by the data analysis processor.
[0038] The foregoing descriptions of various embodi-
ments show specific combinations of features. These de-
scriptions and combinations should be viewed as merely
exemplary, however, and do not exclude alternative im-
plementations. For example, while the lancet ring 87 is
shown with the free-ends of the lancets towards the cent-
er of the ring, it will be appreciated that an alternative
geometry could be used in which the lancet ring has a
star-like configuration in which the free-ends are pointed
outwards. Similarly, the lancet ring could be pre-ten-
sioned, in which case the cam ring would act to release
rather than create tension. A further alternative is the use
of a single actuating cam or hammer to activate the lan-
cets. one-by-one, in turns, as they rotate through the po-
sition of the actuator.

[0039] The devices described may incorporate a vari-
ety of additional features which enhance the character-
istics of the device and make it easier to use. For exam-
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ple, the devices may include an audible or otherwise de-
tectable alarm which alerts the user that it is time to take
a measurement. In the case of the device shown in Fig.
1, this alarm would indicate to the user that they need to
insert a new lancet and sensor (if not already done) and
take a measurement. In the case of a device such as that
shown in Figs 8 or 9, the alarm may actually precede the
taking of a sample, so that the user will not be surprised
by the lancet and will know to look at the display to ob-
serve the result.

[0040] The device, particularly the device of the type
shown in Fig. 1, may also or additionally include an au-
dible or otherwise detectable alarm which alerts the user
that sufficient sample has been collected, and that the
device can be removed. An audible alarm could take the
form of a click, caused by the release of a detent within
the device, or might be a beep generated electronically
in the device. One way to achieve sufficient-sample in-
dication is to assume that a pre-defined period of time is
sufficient to collect the sample. In this case, the first ap-
pearance of a signal between one of the working elec-
trodes and the reference, or between the separate sam-
ple-monitoring pair of electrodes starts a timer and the
sufficient-sample indication is given some pre-defined
period of time (for example 2 seconds) later. Sufficient
sample may also be determined using an electrode pair
having a spatial location and separation such that an
electrical signal is only possible between the electrodes
when sufficient sample is present. In either case, the sig-
nal which is collected can be any type of electronic signal,
including signals based on conductivity, potential differ-
ences, or current flow (amperometric).

[0041] While the embodiment shown in Fig. 1 incorpo-
rates a skin-contact ring as a means to help with the
expression of blood or fluid from the puncture, this
skin-contact ring is optional, and can be replaced with
other components such as a suction force generated by
a mechanical or electrical pump for accomplishing the
same function. A variable, user-selected vacuum force
can be used to ensure sufficient bulging of the skin. A
feedback mechanism tells the user that the skin made
contact with the sensor. Two simple contacts bridged by
the skin can achieve this. In an apparatus where the user
is creating the vacuum (for example by drawing on a
plunger), once the apparatus has detected the skin, the
user is alerted, for example by an audible or visual signal
that no more vacuum has to be created. In an automated
apparatus, the pump mechanism can be shut down in
response to this signal.

[0042] The device may include capacity for providing
counseling to a user when abnormal readings are ob-
tained for the analyte. Such counseling might be in the
form of a prompt to call a physician, or might in appro-
priate cases instruct the user to administer medications.
The audible signal can function as a hypoglycemic alarm,
particularly in the multiple test embodiments. Such de-
vices can also be used for overnight surveillance to alert
the user or other concerned individual (for example a
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partner, parent or nurse) to changes in glucose levels.

[0043] The devices of the present invention offer a va-
riety of advantages over existing devices for the meas-
urement of glucose levels. To advantages flow directly
from the incorporation of sampling and analysis functions
in a single device. First, such devices require the user to
perform fewer steps. Second, the user is not required to
manipulate a small electrode into a slot in the meter. This
allows for the utilization of smaller electrodes, which are
both less expensive to make and more accurate in pro-
viding glucose measurements. Moreover, for embodi-
ments in which there are a plurality of lancet/sensor pairs,
the sampling site can be automatically varied throughout
the course of a day, thus reducing injury resulting from
repetitive punctures in the same location. The invention
also allows the utilization of very small samples, which
might otherwise be difficult to transfer to a sensor strip.
This not only facilitates the taking of measurements with
less pain, it can also provide for a more accurate result
because of the benefits associated with small-sample
measurements. In addition, the taking of a small sample
which is optimally utilized by the device reduces or elim-
inates disposal issues for sample-contaminated waste.

Claims

1. An apparatus, configured to be attached to a body
surface of a user and remain attached for a number
of tests, for detection and quantitation of an electro-
chemically-detectable analyte in blood or interstitial
fluid, comprising:

a plurality of electrochemical sensors provided
on a sensor disk (84) and an equal plurality of
corresponding cutting members provided on a
cutting member ring (87);

a meter unit comprising a housing, means dis-
posed within the housing for engaging within the
housing one of the cutting members and moving
the engaged cutting member, a connector dis-
posed within the housing for engaging one of
the electrochemical sensors specific for the an-
alyte and transmitting a signal from the sensor
indicative of the amount of analyte, and a display
operatively-associated with the connector for
displaying the amount of the analyte to a user;
wherein

each electrochemical sensor comprises a sam-
ple uptaking or accepting member for the uptake
of a sample of blood or interstitial fluid, wherein
the means for engaging and moving the corre-
sponding cutting member is configured to move
the engaged cutting member in a cycle from an
initial position to a piercing position in which skin
of the user is pierced, and wherein the electro-
chemical sensor is disposed such that the sam-
ple uptaking or accepting member takes up a
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sample from the pierced skin of the user when
it is pierced by the engaged cutting member
without movement of the apparatus; and
wherein the means for engaging and moving the
cutting members is arranged so that a fresh sen-
sor and a fresh corresponding cutting member
are deployed at different sampling locations
each time a test is carried out; and

wherein the means for engaging and moving the
corresponding cutting member is acamring (86)
with a ramp portion, such thatrotation of the cam
ring results in an increase in the thickness of the
cam ring when viewed at a fixed location, the
cam ring placed between the sensor disk and
the cuttingmember ring, such that when the cam
ring is rotated a partial turn, a first cutting mem-
ber is moved off the end of the highest part of
the ramp and springs downward to pierce the
skin of the user, a second cutting member is
moved into position at the highest part of the
ramp, and each of the other cutting members is
shifted to a position of increased deflection.

An apparatus, configured to be attached to a body
surface of a user and remain attached for a number
of tests, for detection and quantitation of an electro-
chemically-detectable analyte in blood or interstitial
fluid, comprising:

a plurality of electrochemical sensors provided
on a sensor disk (84) and an equal plurality of
corresponding cutting members provided on a
cutting member ring (87);

a meter unit comprising a housing (81), means
disposed within the housing for engaging within
the housing one of the cutting members and
moving the engaged cutting member, a connec-
tor disposed within the housing for engaging one
of the electrochemical sensors specific for the
analyte and transmitting a signal from the sensor
indicative of the amount of analyte, and adisplay
operatively-associated with the connector for
displaying the amount of the analyte to a user;
wherein

each electrochemical sensor comprises a sam-
ple uptaking or accepting memberfor the uptake
of a sample of blood or interstitial fluid, wherein
the means for engaging and moving the corre-
sponding cutting member is configured to move
the engaged cutting member in a cycle from an
initial position to a piercing position in which skin
of the user is pierced, and wherein the electro-
chemical sensor is disposed such that the sam-
ple uptaking or accepting member takes up a
sample from the pierced skin of the user when
it is pierced by the engaged cutting member
without movement of the apparatus; and
wherein the means for engaging and moving the
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cutting members is arranged so that a fresh sen-
sor and a fresh corresponding cutting member
are deployed at different sampling locations
each time a test is carried out; and

wherein the means for engaging and moving the
corresponding cutting member is a rotatable
spindle (99) placed between the sensor disk and
the cutting member ring, the spindle pre-ten-
sioning the cutting members, and the spindle
comprising a slot at the top of the spindle which
allows an aligned cutting member to drop
through the spindle to pierce underlying skin as
the spindle is rotated.

The apparatus of claim 1 or 2, wherein the housing
is a flattened disk having a top and a bottom surface,
and further comprising a strap (82) for holding the
bottom surface of the housing against the skin of a
user, wherein the electrochemical sensors are dis-
posed adjacent to the bottom surface and the cutting
members move to pierce the skin adjacent to the
bottom surface.

The apparatus of claim 1, 2 or 3, wherein the elec-
trochemical sensors and the cutting members are
disposed such thatthe means for engaging and mov-
ing the cutting member causes the cutting member
to pierce the sensor prior to piercing the skin of the
user

The apparatus of any preceding claim, further com-
prising a skin-contact ring disposed to apply pres-
sure to an area surrounding the piercing of the skin
when the apparatus is pressed against the skin of
the user.

The apparatus of any of the preceding claims, further
comprising a vacuum mechanism disposed within
the housing to accelerate extraction of sample after
piercing when the apparatus is pressed against the
skin of the user.

The apparatus of claim 6, wherein the means for
holding the bottom surface of the housing against
the skin of the user is a strap or skin-compatible ad-
hesive.

The apparatus of claim 7, wherein the display is vis-
ible to the user when the bottom surface is held
against the skin of the user.

The apparatus of any of claims 1, 2, 3, 5, 6 or 7,
wherein the cutting members are hollow cannulas
having a proximal end and a distal end, and wherein
the proximal end is in juxtaposition with the electro-
chemical sensor to permit absorption of fluid passing
through the hollow cannula by the sample uptaking
or accepting member.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

The apparatus of any preceding claim, further com-
prising a timer operatively connected to the plurality
of cutting members for automatically taking and eval-
uating a sample at predefined time intervals.

The apparatus of claim 10, wherein the time intervals
are adjusted in response to amounts of analyte as
determined by the apparatus.

The apparatus of claim 10 in which the timer is con-
figured to take several initial readings at short inter-
vals to determine a suitable baseline interval based
on the degree of variation in the results.

The apparatus of claim 11 or 12 in which the timer
is configured to decrease the interval between sub-
sequent measurements until such time as the glu-
cose level stabilises.

The apparatus of any preceding claim, further com-
prising an alarm for indicating to the user that suffi-
cient sample has been collected.

The apparatus of any preceding claim, further com-
prising an alarm for indicating to the user that it is
time to take a sample.

The apparatus of any preceding claim, further com-
prising an alarm for indicating measured levels of
analyte which are above or below pre-established
thresholds.

The apparatus of claim 16, wherein the alarm trans-
mits a signal to a remote receiver.

The apparatus of any preceding claim wherein the
sample uptaking or accepting members comprise a
mesh strip placed over a set of electrodes of the sen-
Ssor.

Patentanspriiche

1.

Gerat, das dazu ausgelegt ist, an einer Kérperflache
eines Anwenders befestigt zu werden und fir eine
Reihe von Tests daran befestigt zu bleiben, zum
Nachweis und zur Quantifizierung eines elektroche-
misch nachweisbaren Analyten im Blut oder in inter-
stitieller Gewebefllssigkeit, umfassend:

eine Vielzahl von elektrochemischen Sensoren
auf einer Sensorscheibe (84) und eine gleiche
Vielzahl von entsprechenden Schneidelemen-
ten auf einem Schneidelementring (87),

eine Messeinheit mit einem Gehause, einem im
Gehause angeordneten Mittel zum Eingriff in ei-
nes des Schneidelemente im Gehause und zur
Bewegung des eingegriffenen Schneidele-
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ments, einem im Gehduse angeordneten Ver-
bindungsglied zum Eingriff in einen der elektro-
chemischen analytenspezifischen Sensoren
und zur Ubertragung eines Signals von dem
Sensor, das einen Hinweis auf die Analyten-
menge liefert, sowie einer Anzeige in Wirkver-
bindung mit dem Verbindungsglied zur Anzeige
der Analytenmenge an einen Anwender; worin
jeder elektrochemische Sensor ein Probenauf-
nahme- oder Probenannahmeelement zur Auf-
nahme einer Probe von Blut oder interstitieller
Gewebeflissigkeit umfasst, worin das Mittel
zum Eingriff und zur Bewegung des Schneid-
elements das eingegriffene Schneidelement in
einem Zyklus von einer Ausgangsstellung in ei-
ne Einstichstellung, in der die Haut des Anwen-
ders eingestochen wird, bewegen kann und
worin der elektrochemische Sensor so angeord-
net ist, dass das Probenaufnahme- oder Probe-
nannahmeelement eine Probe von der einge-
stochenen Haut des Anwenders ohne Bewe-
gung des Gerats aufnimmt, wenn diese von dem
eingegriffenen Schneidelement eingestochen
wird; und

worin das Mittel zum Eingriff und zur Bewegung
der Schneidelemente so angeordnet ist, dass
jedes Mal, wenn ein Test durchgeflhrt wird, ein
frischer Sensor und ein frisches entsprechen-
des Schneidelement an verschiedenen Proben-
entnahmestellen eingesetzt werden; und

worin das Mittel zum Eingriff und zur Bewegung
des entsprechenden Schneidelements ein Nok-
kenring (86) mit einem Rampenabschnitt ist, so
dass eine Drehung des Nockenrings zu einer
Zunahme der Dicke des Nokkenrings flhrt, an
einer bestimmten Stelle gesehen, wobei der
Nockenring zwischen der Sensorscheibe und
dem Schneidelementring angeordnet ist, so
dass bei einer Drehung des Nockenrings um ei-
ne Teilwindung ein erstes Schneidelement vom
Ende des héchsten Teils der Rampe weg be-
wegt wird und nach unten springt, um in die Haut
des Anwenders einzustechen, ein zweites
Schneidelement in Position auf dem hdchsten
Teil der Rampe bewegt wird und jedes der an-
deren Schneidelemente in eine Position mit er-
héhter Auslenkung verschoben wird.

Geréat, das dazu ausgelegtist, an einer Kérperflache
eines Anwenders befestigt zu werden und fiir eine
Reihe von Tests daran befestigt zu bleiben, zum
Nachweis und zur Quantifizierung eines elektroche-
misch nachweisbaren Analyten im Blut oder in inter-
stitieller Gewebeflissigkeit, umfassend:

eine Vielzahl von elektrochemischen Sensoren
auf einer Sensorscheibe (84) und eine gleiche
Vielzahl von entsprechenden Schneidelemen-
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ten auf einem Schneidelementring (87),

eine Messeinheit mit einem Gehéause (81), ei-
nem im Gehaduse angeordneten Mittel zum Ein-
griff in eines des Schneidelemente im Gehause
und zur Bewegung des eingegriffenen Schnei-
delements, einem im Gehduse angeordneten
Verbindungsglied zum Eingriff in einen der elek-
trochemischen analytenspezifischen Sensoren
und zur Ubertragung eines Signals von dem
Sensor, das einen Hinweis auf die Analyten-
menge liefert, sowie einer Anzeige in Wirkver-
bindung mit dem Verbindungsglied zur Anzeige
der Analytenmenge an einen Anwender; worin
jeder elektrochemische Sensor ein Probenauf-
nahme- oder Probenannahmeelement zur Auf-
nahme einer Probe von Blut oder interstitieller
Gewebeflissigkeit umfasst, worin das Mittel
zum Eingriff und zur Bewegung des Schneid-
elements das eingegriffene Schneidelement in
einem Zyklus von einer Ausgangsstellung in ei-
ne Einstichstellung, in der die Haut des Anwen-
ders eingestochen wird, bewegen kann und
worin der elektrochemische Sensor so angeord-
netist, dass das Probenaufnahme- oder Probe-
nannahmeelement eine Probe von der einge-
stochenen Haut des Anwenders ohne Bewe-
gungdes Gerats aufnimmt, wenn diese von dem
eingegriffenen Schneidelement eingestochen
wird; und

worin das Mittel zum Eingriff und zur Bewegung
der Schneidelemente so angeordnet ist, dass
jedes Mal, wenn ein Test durchgefiihrt wird, ein
frischer Sensor und ein frisches entsprechen-
des Schneidelement an verschiedenen Proben-
entnahmestellen eingesetzt werden; und
worin das Mittel zum Eingriff und zur Bewegung
des entsprechenden Schneidelements eine
drehbare Spindel (99) zwischen der Sensor-
scheibe und dem Schneidelementring ist, wobei
die Spindel die Schneidelemente vorspannt und
einen Schlitz auf der Oberseite der Spindel um-
fasst, durch den ein ausgerichtetes Schneidele-
ment durch die Spindel fallen kann, um die dar-
unter liegende Haut beim Drehen der Spindel
zu durchstechen.

Gerat nach Anspruch 1 oder 2, worin das Gehause
eine abgeflachte Scheibe mit einer Oberseite und
einer Unterseite ist und ferner einen Gurt (82) zum
Halten der Unterseite des Gehauses an der Haut
eines Anwenders, worin die elektrochemischen Sen-
soren neben der Unterseite angeordnet sind und die
Schneidelemente sich zum Einstechen in die Haut
neben der Unterseite bewegen.

Gerat nach Anspruch 1, 2 oder 3, worin die elektro-
chemischen Sensoren und die Schneidelemente so
angeordnet sind, dass die Mittel zum Eingriff und zur
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Bewegung des entsprechenden Schneidelements
daflr sorgen, dass das Schneidelement vor dem
Einstechenindie Hautdes Anwendersinden Sensor
einsticht.

Geréat nach einem der vorhergehenden Anspriche,
das ferner einen Hautkontaktring umfasst, der an-
geordnet ist, um Druck auf einen Bereich um den
Einstich in der Haut aufzubringen, wenn das Gerat
an die Haut des Anwenders angedriickt wird.

Geréat nach einem der vorhergehenden Anspriche,
dasferner einen Vakuummechanismus umfasst, der
im Gehause angeordnet ist, um die Extraktion einer
Probe nach dem Einstechen zu beschleunigen,
wenn das Gerat an die Haut des Anwenders ange-
driickt wird.

Gerat nach Anspruch 6, worin das Mittel zum Halten
der Unterseite des Gehauses an die Haut des An-
wenders ein Gurt oder ein hautvertraglicher Kleb-
stoff ist.

Gerat nach Anspruch 7, worin die Anzeige fiir den
Anwender sichtbar ist, wenn die Unterseite an die
Haut des Anwenders gehalten wird.

Gerat nach Anspruch 1, 2, 3, 5, 6 oder 7, worin die
Schneidelemente Hohlkanilen mit einem proxima-
len Ende und einem distalen Ende sind und worin
das proximale Ende neben dem elektrochemischen
Sensor angeordnet ist, damit durch die Hohlkaniile
flieRende Flissigkeit von dem Probenaufnahme-
oder Probenannahmeelement absorbiert werden
kann.

Geréat nach einem der vorhergehenden Anspriche,
das ferner einen Timer umfasst, der mit der Vielzahl
von Schneidelementen zur automatischen Entnah-
me und Untersuchung einer Probe in vorbestimmten
Zeitintervallen in Wirkverbindung steht.

Gerat nach Anspruch 10, worin die Zeitintervalle als
Reaktion auf Analytenmengen, die vom Gerat ermit-
telt werden, angepasst werden.

Gerat nach Anspruch 10, worin der Timer so ausge-
legt ist, dass er mehrere Anfangsmessungen in kur-
zen Intervallen durchfiihrenkann, um ein geeignetes
Baselineintervall auf Grundlage des Schwankungs-
grads der Ergebnisse zu ermitteln.

Gerat nach Anspruch 11 oder 12, worin der Timer
so ausgelegt ist, dass er das Intervall zwischen auf-
einanderfolgenden Messungen verringern kann, bis
sich der Blutzuckerspiegel stabilisiert hat.

Geréat nach einem der vorhergehenden Anspriche,
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das ferner einen Alarm als Hinweis fliir den Anwen-
der, dass geniigend Probe gesammelt wurde, um-
fasst.

Gerat nach einem der vorhergehenden Anspriiche,
das ferner einen Alarm als Hinweis fliir den Anwen-
der, dass es Zeit ist, eine Probe zu entnehmen, um-
fasst.

Gerat nach einem der vorhergehenden Anspriiche,
das ferner einen Alarm als Hinweis auf die gemes-
senen Analytenmengen, die oberhalb oder unter-
halb von vorab festgelegten Schwellwerten liegen,
umfasst.

Gerat nach Anspruch 16, worin der Alarm ein Signal
an einen Fernempfanger tbertragt.

Gerat nach einem der vorhergehenden Anspriiche,
worin die Probenaufnahme- oder Probenannahme-
elemente einen Netzstreifen umfassen, der lber ei-
nen Elektrodensatz des Sensors platziert ist.

Revendications

Appareil, configuré de maniére a étre fixé a lasurface
du corps d’'un utilisateur et rester fixé pendant un
certain nombre d’analyses, destiné a détecter et a
quantifier un analyte électrochimiquement détecta-
ble dans le sang ou dans un fluide interstitiel,
comportant :

une pluralité de capteurs électrochimiques four-
nis sur un disque (84) de capteurs et une plura-
lité égale d'organes coupants correspondants
fournis sur une couronne (87) d’organes
coupants ;

un compteur comportant un boitier, un moyen
disposé a l'intérieur du boitier pour mettre en
prise a l'intérieur du boitier un des organes cou-
pants et pour déplacer I'organe coupant mis en
prise, un connecteur disposé al'intérieur du boi-
tier pour mettre en prise un des capteurs élec-
trochimiques spécifiques a l'analyte et pour
transmettre un signal depuis le capteur indicatif
de la quantité d’analyte, et un affichage associé
de maniere fonctionnelle au connecteur pour af-
ficher la quantité d’analyte a lintention d’un
utilisateur ; dans lequel

chaque capteur électrochimique comporte un
organe d’aspiration ou d’acceptation d’échan-
tillon pour I'aspiration d’un échantillon de sang
ou de fluide interstitiel, dans lequel le moyen
destiné a mettre en prise et déplacer I'organe
coupant correspondant est configuré de manie-
readéplacer 'organe coupant mis en prise dans
un cycle d’une position initiale a une position de
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percage dans laquelle la peau de I'utilisateur est
percée, et dans lequel le capteur électrochimi-
que est disposé de telle sorte que I'organe d’as-
piration ou d’acceptation d’échantillon prend un
échantillon depuis la peau percée de I'utilisateur
lorsqu’elle est percée par I'organe coupant mis
en prise, sans déplacement de I'appareil ; et
dans lequel le moyen destiné a mettre en prise
et déplacer les organes coupants est disposé
de maniére a ce qu’un nouveau capteur et un
nouvel organe coupant correspondant soient
déployés a des emplacements d’échantillonna-
ge différents chaque fois qu’'une analyse est
effectuée : et

dans lequel le moyen destiné a mettre en prise
et a déplacer I'organe coupant correspondant,
est une couronne (86) a came présentant une
partie de rampe, de sorte que la rotation de la
couronne a came entraine une augmentation de
I'épaisseur de la couronne a came lorsque vi-
sualisée a un emplacement fixe, la couronne a
came étant placée entre le disque de capteurs
etlacouronne d’'organes coupants, de telle sorte
que lorsque lacouronne a came esttournée d’'un
tour partiel, un premier organe coupant s’écarte
de I'extrémité de la partie la plus élevée de la
rampe etrebonditvers le bas pour percerlapeau
de l'utilisateur, un second organe coupant est
mis en place au niveau de la partie la plus haute
de la rampe, et chacun des organes coupants
est décalé a une position de déflexion augmen-
tée.

Appareil, configuré de maniére a étre fixé ala surface
du corps d’un utilisateur et a rester fixé pendant un
certain nombre d’analyses, destiné a détecter et a
quantifier un analyte électrochimiquement détecta-
ble dans le sang ou dans un fluide interstitiel,
comportant :

une pluralité de capteurs électrochimiques four-
nis sur un disque (84) de capteurs et une plura-
lité égale d’'organes coupants correspondants
fournis sur une couronne (87) dorganes
coupants ;

un compteur comportant un boitier (81), un
moyen disposé a l'intérieur du boitier pour met-
tre en prise al'intérieur du boitier undes organes
coupants et pour déplacer I'organe coupant mis
en prise, un connecteur disposé a l'intérieur du
boitier pour mettre en prise un des capteurs
électrochimiques spécifiques a I'analyte et pour
transmettre un signal depuis le capteur indicatif
de la quantité d’analyte, et un affichage associé
de maniere fonctionnelle au connecteur pour af-
ficher la quantité d’analyte a lintention d'un
utilisateur ; dans lequel

chaque capteur électrochimique comporte un
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organe d’aspiration ou d’acceptation d’échan-
tillon pour I'aspiration d’'un échantillon de sang
ou de fluide interstitiel, dans lequel le moyen
destiné a mettre en prise et a déplacer I'organe
coupant correspondant est configuré de manie-
readéplacer 'organe coupant mis en prise dans
un cycle d’une position initiale a une position de
percage dans laquelle la peau de I'utilisateur est
percée, et dans lequel le capteur électrochimi-
que est disposé de telle sorte que I'organe d’'as-
piration ou d’acceptation de I'échantillon prend
un échantillon depuis la peau percée de I'utili-
sateur quand elle est percée par 'organe cou-
pant mis en prise, sans déplacement de
I'appareil ; et

dans lequel le moyen destiné a mettre en prise
et a déplacer les organes coupants est disposé
de maniére a ce qu’un nouveau capteur et un
nouvel organe coupant correspondant soient
déployés a des emplacements d’échantillonna-
ge différents chaque fois qu’une analyse est
effectuée : et

dans lequel le moyen destiné a mettre en prise
et a déplacer I'organe coupant correspondant
est une bobine (99) rotative placée entre le dis-
que de capteurs et la couronne d’organes cou-
pants, la bobine mettant en précontrainte les or-
ganes coupants, et la bobine comportant une
fente au niveau du haut de la bobine qui permet
a un organe coupant aligné de tomber a travers
la bobine afin de percer la peau sous-jacente au
fur et a mesure que la bobine tourne.

Appareil selon la revendication 1 ou 2, dans lequel
le boitier est un disque aplati présentant un haut et
une surface inférieure, et comportant en outre une
sangle (82) destinée a maintenir la surface inférieure
du boitier contre la peau d’un utilisateur, dans lequel
les capteurs électrochimiques sont disposés a cété
de la surface inférieure et les organes coupants se
déplacent pour percer la peau a c6té de la surface
inférieure.

Appareil selon larevendication 1, 2 ou 3, dans lequel
les capteurs électrochimiques et les organes cou-
pants sont disposés de telle sorte que le moyen des-
tiné a mettre en prise et a déplacer I'élément coupant
entraine le percage par I'organe coupant du capteur
avant le pergage de la peau de l'utilisateur.

Appareil selon 'une quelconque des revendications
précédentes, comportant en outre une couronne en
contact avec la peau disposée de maniére a exercer
une pression sur une zone entourant I'endroit ou la
peau est percée lorsque I'appareil est appuyé contre
la peau de I'utilisateur.

Appareil selon I'une quelconque des revendications
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précédentes, comportant en outre un mécanisme a
vide disposé a l'intérieur du boitier pour accélérer
I'extraction de I’échantillon aprés le pergage lorsque
I'appareil est appuyé contre la peau de I'utilisateur.

Appareil selon la revendication 6, dans lequel le
moyen destiné a maintenir la surface inférieure du
boitier contre la peau de I'utilisateur est une sangle
ou un adhésif compatible avec la peau.

Appareil selon la revendication 7, dans lequel I'affi-
chage est visible pour I'utilisateur lorsque la surface
inférieure est maintenue contre la peau de I'utilisa-
teur.

Appareil selon I'une quelconque des revendications
1,2, 3, 5, 6 ou 7, dans lequel les organes coupants
sont des canules creuses présentant une extrémité
proximale et une extrémité distale, et dans lequel
I'extrémité proximale estjuxtaposée au capteur élec-
trochimique afin de permettre I'absorption du fluide
passant a travers la canule creuse par 'organe d’as-
piration ou d’acceptation d’échantillon.

Appareil selon 'une quelconque des revendications
précédentes, comportant en outre une minuterie re-
liée de maniére fonctionnelle a la pluralité d’'organes
coupants destinée a prendre et évaluer automati-
quement un échantillon a des intervalles de temps
prédéfinis.

Appareil selon la revendication 10, dans lequel les
intervalles de temps sont réglés en réponse aux
quantités d’analyte telles que déterminées par I'ap-
pareil.

Appareil selon la revendication 10 dans lequel la mi-
nuterie est configurée de maniére a effectuer plu-
sieurs lectures initiales a des intervalles de temps
courts afin de déterminer un intervalle de base qui
convientbasé sur le degré de variation des résultats.

Appareil selon la revendication 11 ou 12 dans lequel
la minuterie est configurée de maniére a diminuer
lintervalle de temps entre les mesures ultérieures
jusqu’a ce que le niveau de glucose se stabilise.

Appareil selon I'une quelconque des revendications
précédentes, comportant en outre une alarme des-
tinée a indiquer a l'utilisateur que suffisamment
d’échantillon a été prélevé.

Appareil selon I'une quelconque des revendications
précédentes, comportant en outre une alarme des-
tinée aindiquer a l'utilisateur qu’il est temps de pren-
dre un échantillon.

Appareil selon I'une quelconque des revendications
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précédentes, comportant en outre une alarme des-
tinée a indiquer les niveaux d’analyte mesurés se
situant au-dessus ou en dessous de seuils prééta-
blis.

Appareil selon la revendication 16, dans lequel l'alar-
me transmet un signal a un récepteur a distance.

Appareil selon I'une quelconque des revendications
précédentes dans lequel les organes d’aspiration ou
d’acceptation d’échantillon comporte une bande
grillagée placée sur un ensemble d’électrodes du
capteur.
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