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Description

FIELD OF THE INVENTION

[0001] The invention relates generally to analytical de-
vices and methods which allow to monitor the concen-
tration of an analyte using a subcutaneous sensor.

BACKGROUND OF THE INVENTION

[0002] The monitoring of the level of endogenous an-
alytes such as glucose, lactate, creatinine or oxygen, in
certain individuals, is vitally important for their health.
Certain substances such as glucose can also be admin-
istered for diagnostic stress-tests. In addition, monitoring
of the level of xenobiotics such as inulin, and certain
drugs and their metabolites is important for diagnosis of
e.g. kidney and liver function and can be vitally important
for the choice and correct dosing in drug treatment. For
a chosen drug, monitoring of its pharmacokinetics under
treatment conditions in a given patient can allow individ-
ualized optimization of treatment schedule and help to
avoid potentially serious drug-drug interactions. For such
applications a reliable device which allows monitoring of
analyte concentration in body fluids such as e.g. subcu-
taneous interstitial fluid for several hours to a few days
is necessary. To achieve acceptance from patients and
non-specialized health care professionals, convenience
and minimal invasiveness are extremely important fea-
tures.
[0003] A convenient alternative to frequent blood sam-
pling is to measure the concentration of the analyte in
dermal interstitial fluid since the concentration of certain
analytes such as e.g. glucose is highly correlated be-
tween these two fluid compartments (Bantle, et al., J Lab
Clin Med 1997; 130: 436-441). Sensors for e.g. glucose
monitoring in interstitial fluid are known in the art, for ex-
ample US Patent 6579690, published June 17, 2003 by
Bonnecaze et al. Bonnecaze et al describe various em-
bodiments of such sensor devices. One important feature
of these devices as well as of devices prior in the art is
that the sensor is first implanted into the body and in a
second step, on the patient, has to be connected to a
control unit. Such a procedure especially with miniatur-
ized components needs a high level of skill and the use
of mounting tools is complicated. These drawbacks se-
verely limit the acceptance and can easily lead to incor-
rect functioning. Fully implantable sensors including
wireless transmitters avoid the problems of mounting to-
gether the several components after implantation of the
sensor. On the other hand, their size necessitates a sur-
gical procedure for implantation with the associated in-
conveniences for the patient and needs qualified health
care professionals for the implantation. The damage in-
flicted on the subcutaneous tissue upon implantation of
the sensor results in inflammatory tissue reactions which
can alter the performance of the sensor and even lead
to changes in the availability of analytes surrounding the

sensor. Therefore, for reliable measurements, minimal
invasiveness is very important. This can only be achieved
by miniaturization of the implanted parts of the sensor
and optimization of the sensor shape and insertion
means to avoid tissue damage upon insertion as much
as possible. The sensors and insertion mechanisms of
prior art are far from optimal in this respect.
[0004] To circumvent the inherent handling problems
with implantable sensors, several approaches were tak-
en to withdraw subcutaneous fluid by making holes into
the skin by lancing or with a laser beam, or to withdraw
fluid with an electric current. Since the volume which can
be withdrawn by these means is very small, usually below
1 Pl, the determination of analyte concentrations is tech-
nically difficult and not reliable and many factors, e.g.
sweating can lead to changes of the composition and to
massively wrong determinations.
[0005] Document WO 03/037403 represents the clos-
est prior art disclosure and shows a device for the in-vivo
measurement of the concentration of an analyte in a body
fluid comprising a component with a surface, means for
securing adherence of that surface to the skin, a rigid
part holding one or more subcutaneously implantable
sensors, means to position the sensors relative to the
surface in such a way that in a first position the sensors
are concealed by the surface and in a second position
the implantable parts of the sensors are exposed above
the surface and a mechanism to bring the sensors from
one to the other position.

SUMMARY OF THE INVENTION

[0006] The subject invention overcomes the problems
with current subcutaneous sensors by incorporating tai-
lored functional elements such as sensor, implantation
means and control and measuring means into one single
device unit which is attached to the skin of the patient.
The subject invention allows for a construction circum-
venting the need to move the sensors relative to all the
other elements included in the device. This allows in par-
ticular for a rigid connection between the sensors and
the analyte monitoring/control system resulting in much
simpler construction and higher reliability for perform-
ance than flexible connections. Assembly of the entire
system including all connections and setting it into a
ready-to-use state is done before placing the device on
the skin of the patient and all functional procedures such
as adhesion to the skin, implantation of the sensor and
start of the measurements can be accomplished with one
single and easy manipulation step, such as pressing a
release button. The construction allows also for an un-
precedented miniaturization and optimization of the de-
sign of the implanted part of the sensors, thus becoming
minimally invasive and therewith painless and of high
reliability. In addition, the device of the subject invention
can accommodate many different types of sensors in an
optimal way.
[0007] More particularly the invention relates to a de-
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vice for the in-vivo measurement of the concentration of
an analyte in a body fluid comprising a) a component with
a flexible surface, b) means for securing adherence of
that surface to the skin, c) a rigid part holding one or more
subcutaneously implantable sensors, d) means to posi-
tion the flexible surface relative to the sensors in such a
way that in a first position the sensors are concealed by
the surface and in a second position the implantaple parts
of the sensors are exposed above the surface, and e) a
mechanism to deform the surface to a convex shape and
to bend it from one to the other position. The invention
further relates to methods for the measurement of the
concentration-time profiles of endogenous and exoge-
nous substances and the use of these methods for au-
tomatic dose adjustments.

Definitions

[0008] When used herein, the following definitions de-
fine the stated term
[0009] Analyte means any endogenous or exogenous
substance the concentration of which can be used to di-
agnose the health, organ function, metabolic status, or
drug metabolizing capacity of an individual or of an ani-
mal. Examples of endogenous substances are glucose,
lactate, oxygen, creatinine, etc. Examples of exogenous
substances are drugs, metabolites of such drugs, diag-
nostic substances (e.g. inulin) etc.
[0010] Body fluid is interstitial fluid or blood.
[0011] Component with a flexible surface is made up
of a casing which is preferentially cylindrical and which
has a flexible base. This base plate is constructed in such
a way that it can be deformed to a convex shape (position
1) with the central part protruding e.g. like a cone. An
additional feature of this base is that it can shoot from
the convex shape into a flat shape (position 2) with suf-
ficient velocity and force that this movement can provide
the driving energy for implantation of the sensors. Such
a flexible surface can be constructed by appropriate seg-
mentation of the surface with hinge regions acting like
springs and/or by using materials with the necessary re-
versible stretching characteristics. Such a component
with a flexible surface can be manufactured by injection
moulding of suitable plastics but also by using other ma-
terials like steel, composite or ceramic materials, etc. The
base of this element has a hole, preferentially in the cent-
er, as opening for the implantable part of the sensors.
The sensors are positioned axially to this base in such a
way that in position 1 they are entirely covered up, where-
as in position 2 they protrude above the base.
[0012] Means securing adherence to the skin is an
adhesive layer for temporary wearing on the body made
of materials with strong adhesive properties, stretchabil-
ity and minimal allergenicity. This adhesive layer is fixed
on the flexible base of the device in such a way that it
does not interfere with its flexibility. Preferentially the sur-
face of the adhesive layer which is fixed to the skin is
larger than its surface which is fixed to the flexible base

of the device. This can be accomplished e.g. by an ad-
hesive layer extending beyond the surface of the base
of the device or, preferentially by using a shape for the
adhesive surface to the skin similar to the surface of the
flexible surface of the device but fixing it to the latter in
such a way that an outer annular zone is not fixed to the
base of the device.
[0013] A rigid part holding one or more subcutaneous-
ly implantable sensors is constructed in such a way that
it forms a bridge to the casing of the component with the
flexible surface and allows a firm and rigid attachment to
the casing holding the non-implanted parts of the sensors
and the control and measuring means. In particular, in
the case that the device can be assembled using a dis-
posable and a reusable part, it allows the correct electri-
cal and/or optical coupling between the implantable, sin-
gle-use parts of the sensors and their reusable measur-
ing means. In addition, it contains means such as recog-
nition codes for the logical coupling between the dispos-
able and reusable part of the device, relevant for correct
functioning of the control and measuring means. The im-
plantable parts of the sensors are hold in such a way that
they are fixed in an axial geometry relative to the flexible
surface and in a well defined geometry relative to each
other, allowing well defined sterical conditions for optimal
performance even if several implantable sensor ele-
ments are used together for measurements, as described
later. In addition, this rigid part can hold a removable cap
to protect the implantable parts of the sensors during
storage in a defined environment, such as humidity and
allows maintaining sterility.
[0014] Means to position the flexible surface relative
to the sensors in two defined positions consists of ele-
ments which can bring about the deformation of the flex-
ible surface to a convex, pre-stressed shape (position 1)
and allow a rapid release from this position to adopt a
flat, relaxed shape (position 2) in a coordinated way for
the entire surface. This can be accomplished preferen-
tially by several pin-shaped elements protruding from a
central pressure plate and pushing onto the flexible sur-
face, but other constructions using screws, ramps, levers
etc. are also possible.
[0015] A mechanisms to bring the surface from one
to the other position, in a first step, transmits the energy
and movement needed for deformation of the flexible sur-
face, such as a manual pressure or torsion, to the means
to position the flexible surface described above. This can
be a knob pressing on a pressure plate, an element which
can be turned and pushes ramps or actuates screws or
other constructional elements. When the predefined po-
sition 1 of the flexible surface is reached, this mechanism
results automatically in the fixation of this pre-stressed
position e.g. by a catch mechanism. In the next step,
upon an easy manipulation, e.g. by pressing a button or
a minimal turning movement, the fixation to the pre-
stressed position 1 of the flexible surface gets released
and the mechanism allows for an immediate relaxation
to position 2.
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[0016] The sensor consists of a non-implantable part
and an implantable part which is a rigid, full, thin needle
shaped device, preferentially a pin coated with a sensing
layer and which can be inserted into the skin in a mini-
mally invasive and painless way. This can be achieved
if the diameter of this implantable part is very small, pref-
erentially below 0.3 mm, preferably 0.1 to 0.2 mm and
has a pointed tip. The pin can have several forms, such
as a sectional area of a circle, oval or polygonal. It has
a hard core of steel, gold or other metals, or alternatively
of glass, carbon, modified glassy carbon, or other fibers,
fused silica or composite materials. The surface can be
coated with noble metal, polymers or other composite
materials. The pin contains a sensing layer at its surface
which provides some signal (e.g. electrochemical or op-
tic) according to the concentration of the analyte, or forms
part of an electrochemical or optical system. The surface
of the pin can be smooth or modeled in such a way that
the sensing layer is mechanically protected from stripping
when penetrating the skin e.g. by the application of im-
pressions or grooves. In addition, the surface can be in-
creased by an appropriate geometry to increase the sig-
nal generated by the sensing layer.
[0017] A variety of methods for the composition and
structuring of suitable sensing layers has been described
in the literature. These include also methods which pre-
vent the leakage of components of the sensing layer while
implanted into the skin and at the same time allow the
diffusion of the analytes of interest e.g. by the use of
suitable biocompatible polymers or by coating with semi-
permeable membranes.
[0018] In the case of electrochemical sensors the pins
are constructed as electrodes selective for the chosen
analyte e.g. glucose. In the case of optical sensors the
pins are constructed as optical fibers and can contain
also elements for the selective optical detection of ana-
lytes in form of suitable coating and sensing layers and/or
measurement chambers. In the case of thermometric,
piezoelectric or magnetic sensors, the pins are construct-
ed in such a way that they can transduce the respective
signal in an optimal way.
[0019] An additional advantage of the present inven-
tion is that by the exact positioning of the implanted part
of the sensors relative to each other, arrays of pins can
be constructed in such a way that they form parts of one
measuring system such as working electrode and coun-
ter electrode, or light source and light collector.

Brief description of the figures

[0020] An exemplified embodiment of the invention
and several examples of sensors will now be described
with reference to the accompanying drawings in which

Fig. 1 is a diagrammatic representation of a device
for diagnostic analyte monitoring according to one
embodiment of the invention. Fig. 1a shows the sec-
tional view of the device in operation mode and Fig.

1b is an explosion drawing depicting the flexible base
plate in the pre-stressed position, for better clarity.

Fig. 2 is a diagrammatic representation of one em-
bodiment of the device composed of a reusable and
a disposable part with a tool for assembly, ready-to-
use preparation and disassembly of the device. Fig.
2a shows a sectional view of the disposable part of
the device, in a disposable mounting tool. Fig. 2b
shows the mounting tool in a 3D representation.

Fig. 3 is a diagrammatic representation of the han-
dling operations using the mounting tool. Fig 3a
shows the assembled reusable and disposable parts
in the tool. Fig 3b shows the assembled device made
ready-to-use in the tool with loaded implantation
mechanism, Fig 3c shows the tool with the removed
protection of the sensors and of the adhesive after
the ready-to-use device has been taken out and Fig
3d shows the ready-to-use device.

Fig. 4 is a schematic representation of different em-
bodiments for optical sensors. Fig 4a shows a hori-
zontal and an axial cross section of the light-emitting
and light assembling fibers. Fig 4b shows examples
of optical arrangements to follow changes in the con-
centration of analytes and Fig 4c shows an optical
sensor based on the use of immobilized binding mol-
ecules.

Fig. 5 is a diagrammatic view of one example for a
sensor array for glucose monitoring comprising 7
electrodes for subcutaneous implantation. Fig. 5a is
a cross section showing the positioning of the elec-
trodes relative to each-other, Fig. 5b is an axial cross
section and Fig 5c shows a schematic drawing of
one electrode with the sensing layer for glucose.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0021] The invention will now be described in terms of
its preferred embodiment. This embodiment is set forth
to aid in the understanding of the invention, but is not to
be construed as limiting.
[0022] The exemplified embodiment is described with
reference to the drawings. This embodiment is a diag-
nostic device which can be worn and operated by the
patient. One aim of the present invention is to insert the
sensors into the skin of a patient substantially without
pain, thus avoiding the natural reluctance of the patient
to invasive procedures and to reduce the reactions of the
body to injury to a minimum. Another aim is to maintain
an exact positioning of the implanted parts of the sensors
relative to the device, to the skin and to each other leading
to measurements with improved reliability. Further, im-
movable connections between the implantable part of
the sensors and the measuring equipment, which be-
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comes possible according to the present invention, great-
ly improves the reliability of the sensors and makes the
constructions much simpler. In addition, the necessary
handling by the patient is reduced to a minimum of easy
manipulations, like the pressing of a knob, which do not
require nimble fingers for implanting the sensors and/or
making the connections to the control and measuring in-
struments.
[0023] In contrast to known sensor devices, in the
present inventive device the implanted parts of the sen-
sors are inserted by thrust of a pre-stressed flexible sur-
face which is attached to the skin by means of an adhe-
sive layer and forms the base plate of the device. In the
ready-to-use position, this flexible surface projects be-
yond the tips of the implantable parts of the sensors (Fig.
1b). In this position it holds the skin away from the tips
when the device is placed on a suitable body area, pref-
erably the abdomen, the thigh or the forearm, and by
gentle pressing is attached by means of the adhesive
layer. To insert the sensors into the skin, the base plate
is released from its pre-stressed position, preferentially
by pressing the cover plate of the device. This reinforces
the attachment to the skin and by relaxation of the bottom
plate into a flat position, the skin is moved relative to the
sensors and is penetrated by the tips. It has been sur-
prisingly found that a construction according to the
present invention, preferably by a combination of a radi-
ally segmented flexible base plate with a stretchable ad-
hesive layer, can move the skin with enough impulse that
even an array of several closely spaced pins can pre-
cisely be inserted into the skin basically without sensa-
tion. A construction which allows to operate the implan-
tation process by pressing on a release mechanism like
a knob vertically to the skin surface results in even better
performance since adherence to the skin and the exact
geometric positioning of the implanted parts of the sen-
sors is greatly improved as compared e.g. to a rotary
movement. A great advantage of the construction ac-
cording to the present invention compared to similar
known devices is that all connections to the implanted
parts of the sensors are rigid and no new connections
have to be established after the insertion of the sensors
- with known devices, such connections have to be es-
tablished after the implantation of the sensors.
[0024] FIG 1a shows a diagnostic device of this kind
in section comprising a casing having a cylindrical side-
wall 1 a disk-like flexible baseplate 2 in the flat position
1 of the operation mode and a cover 3 which can be
moved against the baseplate and used as a release knob
to start the implantation and measuring process. The
baseplate has a radial segmentation, preferably into 5 to
8 segments 4 (see Fig 1b) with a spacing between them
and a central concentric opening. The segments are at-
tached to the casing by springy hinge regions and are in
addition preferentially made of a flexible material. On its
underside, the baseplate has an annular adhesive layer
6 for securing the device to the patient’s skin with a con-
centric central opening similar to the baseplate. This ad-

hesive layer is composed of three parts, a glue 7 for fixing
to the flexible baseplate, a textile 5 providing the neces-
sary flexibility and a glue for fixing on the skin. Suitable
materials with low allergenicity potential are commercial-
ly available. The adhesive layer is protected during stor-
age with a suitable sheet. In this example, the adhesive
layer 6 has the same circumference as the device but its
attachment 7 to the baseplate leaves an outer zone 8
where it is not connected to the housing. The implantable
parts of the sensors 9 protrude through the opening of
the baseplate and during operation are inserted into the
skin.
[0025] FIG 1b shows the internal constructive ele-
ments of such a device as an explosion drawing. The
flexible baseplate 2 is depicted in the pre-stressed posi-
tion 2 of the ready-to-use mode. The cylindrical side-wall
1 has grooves and rectangular openings 10 serving in
the attachment between the disposable and the reusable
part of the device as guidance and catch mechanism.
Radial bridge elements 11 attached to the side wall hold
in their center an element 12 with the array of the im-
plantable parts of the sensors. This element 12 consists
of a central part 13 which fixes the sensor array in a ge-
ometrically well defined axial position, hold a removable
protection cap 14 and at its upper surface provides the
connections to the reusable parts of the sensors and the
measuring means and provides a recognition code. The
protection cap provides the necessary long-term sterility
and maintains an environment which is required for a
long shelf-life.
[0026] The means to position the flexible surface in
two defined positions is composed in the described em-
bodiment of two pieces, a pressure element 15 and a
holding-back element 16. The pressure element 15 has
a pressure plate 17 and pressure-pins 18 which press
onto the segments 4 of the baseplate. The holding-back
element 16 functions also as the casing of the reusable
part of the device and is in a reversible way connected
to the cylindrical side wall 1 which is at the same time
part of the housing of the disposable part of the device.
This connection is achieved guided by ribs with flexible
barbs 19 which hook into the openings 10. Concentrically
positioned catches 20 serve to withhold the pressure
plate 17 allowing to maintain the pre-stressed position of
the flexible baseplate. These catches are formed in such
a way that upon pressure from the top-side by a concen-
tric cylinder 21 attached to the inner surface of the cover
3 they bend and release the pressure plate.
[0027] The control and measuring means are fixed in
the space between the bottom of the casing 16 of the
reusable part and the cover 3 of the device on a support
22. The connective elements to the disposable parts of
the sensors are also attached to this support (not shown
in the figures).
[0028] The handling operations necessary to prepare
the device ready-to-use are now described for the em-
bodiment discussed above as example. A very important
feature of the subject invention is that the connections
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between the implanted part of the sensors and the other
parts of the device are stationary and therefore no con-
nections have to be made manually after the implantation
process. As compared to similar devices of prior art this
is a big advantage for reliability, easy handling and user
acceptance. This advantage is even further improved by
a mounting tool which guides all necessary operations
and reduces manual handling essentially to push-pull
movements enabling also people with reduced level of
manual skill, e.g. elderly patients with manual disable-
ments to correctly use the device. This mounting tool
allows also for easy and correct assembly and disassem-
bly if a realization of the device is chosen with a reusable
part containing all more expensive elements and a dis-
posable part which contains the elements which should
be replaced after each use such as the implanted parts
of the sensors and the adhesive to the skin.
[0029] The embodiment in FIG 2 shows schematically
a solution for such a mounting tool and FIG 3 shows the
different steps of the handling process. In this example,
the disposable part of the device is delivered in the dis-
posable mounting tool according to FIG 2a. It contains
the casing with the flexible baseplate 2, the adhesive
layer 6 and the implantable part of the sensor array fixed
in the central part 13. A 3D representation of the mounting
tool 23 is shown in FIG 2b. It has a fixation element 24
for removing the protection cap of the sensors and one
25 (shown in FIG 2a) for removal of the protection of the
adhesive layer. The disposable part of the device is po-
sitioned and hold reversibly in the mounting tool by the
groove 26. Guided by grooves 10, and corresponding
ribs 19 on the reusable part of the device the reusable
part can be placed only in one position into the casing of
the disposable part as shown in FIG 3a. Upon pushing
down the reusable part, the two parts get assembled by
a hook-mechanism (10 and 19, FIG 1b). Loading the
implantation mechanism through bringing the flexible
baseplate 2 into the pre-stressed position is depicted in
FIG 3b and is accomplished by pressing a stick 27 down
through the central opening of the cover 3. Alternatively,
assembly of the two parts of the device and loading of
the implantation mechanism can also be accomplished
in one single step by a suitable coupling mechanism.
Pulling out of the assembled and pre-loaded device from
the mounting tool removes the protection cap 14 of the
sensor tips and the protection 25 of the adhesive layer 6
as shown in FIG 3c. The now ready-to-use device shown
in FIG 3d can be applied to the prepared skin by securing
antiseptic conditions and good attachment by shaving
the area if necessary. By pressing the cover the implan-
tation mechanism is released and the measurement sys-
tem actuated.
[0030] Upon termination of the measurement period,
the device is removed from the skin and put back into
the mounting tool. This can be done only in one prede-
fined position assured by a rib and groove system 28
(see Fig. 2b). By pressing the device into the mounting
tool, the disposable part gets caught by the catch of 28

irreversibly to the tool and the hooks holding the dispos-
able and the reusable part of the device together by the
system 10/19 are release by means of a rib 29 (see Fig.
2b). Pulling the disassembled reusable part of the device
out of the mounting tool puts the control and measuring
means back to the stand-by mode, ready for downloading
of the measured data and for assembly with a new dis-
posable part. The used disposable part caught and pro-
tected in the mounting tool is now ready for disposal.
[0031] Upon reading this specification, various alter-
native embodiments will become obvious to the skilled
artisan. For example, the implantation mechanism could
be achieved via numerous chemical, mechanical, or elec-
trical devices. For the recognition between the disposa-
ble and reusable part of the device several mechanical,
optical or magnetic codes could be used and a large va-
riety of sensor arrays as well as control and measuring
means can be accommodated with the device.

EXAMPLES OF METHODS FOR MEASURING ANA-
LYTES FOR DIAGNOSTIC MONITORING

[0032] Preferred sensors for analytes fitting well with
the specifications of the subject device can be construct-
ed following state of the art procedures for electrochem-
ical and optical sensors. The construction of electro-
chemical sensors is straight-forward by coating part of
the surface of the implanted part of the sensor with a
suitable sensing layer, as will be described e.g. in Exam-
ple 1 for glucose. For the construction of optical sensors
a wide variety of methods can be optimally adapted as
described in the following for direct determination of the
analyte or for indirect monitoring using suitable indica-
tors. Such general methods can be coupled to analyte-
specific enzyme reactions or to specific binding to recep-
tors or antibodies.

Optical systems and direct determination of analytes

[0033] It is well known from the literature that clinically
relevant analytes such as glucose, alcohol, urea, creat-
inine etc. can be determined directly by taking NIR, IR or
Raman spectra from body fluids (serum, blood, salvia
urine etc) and by using statistical techniques such as PLS
or PCA or neural networks for evaluation. Many optical
arrangements have been claimed in the past for meas-
uring clinical parameters through the finger, the tongue
or ear. A disadvantage of these arrangements is that ra-
diation has to cross the skin which shows a large spec-
troscopic variance not only from individual to individual
but can change its spectroscopic properties also for a
single individual within a day. The arrangement suggest-
ed herein has the advantage that measurements are per-
formed within the tissue using the subject device.
[0034] As depicted in FIG 4a, a preferred arrangement
consists of one (or several) central light transmitting fibre
(s) 30 that transmit light from the light source 31 to the
subcutaneous tissue. An efficient coupling-out of light
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from this optically isolated fibre 32 can be achieved by
introducing refractive index inhomogeneity into the ter-
minal part of the stripped fibre which act as efficient light
scatters 33. Alternatively specially tapped fiber tips can
be prepared with optimized geometries for the in- and
out-coupling of light. This central fibre 30 which transmits
the light to the tissue to be analyzed is surrounded by
several fibres 34 which have the ability to couple-in and
transmit back to a detector 35 light that is emitted from
the central fibre. The light emerging from these fibres can
pass a filter in order to allow monitoring optical density
at different wave lengths. The light assembling fibres
should have different distance from the central one in
order to allow measurements over different optical path
length. To cope for differences in light scattering by the
tissue special modulation techniques as described for
instance by G. Spanner et al. (Fresenius, J. Anal. Chem.
1996, 354, 306) can be applied.

Optical enzyme sensors based on monitoring fluores-
cence or absorption of indicators

[0035] Optical enzyme sensors are based on the fact
that an enzymatic reaction in general not only changes
the concentration of its substrate but changes also the
concentration of molecules such as O2, H3O+ or CO2 that
are produced or consumed by the enzymatic reaction. A
concentration change of such molecules can easily be
followed using absorbing or fluorescing molecules, so
called indicators that change their absorption or fluores-
cence behaviour specifically with the concentration
change of above mentioned molecules. In a fibre optical
enzyme sensor the reaction phase with enzyme and in-
dicator is fixed to an optical fibre that transmits light from
the light source to the reaction phase and back to a de-
tector as described by E.A.H. Hall (Biosensoren, Spring-
er Verlag Berlin, 1995, 351 ff).
[0036] Several fiber optical arrangements to follow
changes in the concentration of small molecules in a re-
action phase containing enzyme and indicator are de-
picted in FIG 4b. A bifurcated fibre arrangement can be
used to transmit light from a light source 31 to the immo-
bilized reagent phase and back to a detector 35. The
reagent phase can then consist of a porous tube of ap-
proximately 1-2mm length which serves to hold the rea-
gents (enzyme, indicator) in place. The porous tube 36
should be chosen to allow analyte molecule to penetrate
into the reagent phase but can also act as a filter mem-
brane to separate the analyte molecule from other com-
ponents of body fluids which could interfere with the en-
zymatic reaction or which could influence absorption and
fluorescence behaviour of the indicator. A cap 37 at the
end of the porous tube blocks the incident light from di-
rectly interacting with the sample avoiding a potential
source of interference. In case of a homogeneous phase
between fibre end and cap the cap can also act as a
reflector to bounce light back into that fibre 34 which
transmits light back to the detector. However, the com-

partment between fibre end and cap can also contain
solid particles, which serve on one hand as a solid phase
to immobilize enzymes and indicators and on the other
hand as light scatters for the incident radiation so that
some of it is redirected into the fibre transmitting light to
the detector.
[0037] A similar arrangement can also be realized with
a single fibre 38. Incident and light transmitted to the
detector are then separated at the end of the light trans-
mitting fibre by a semi permeable mirror 39.
[0038] Alternatively, an optical fibre can also be
stripped off from the optical isolation 40. The reaction
phase 41 can then be mounted directly to this part of the
fibre. The incident light interacts with the indicator mole-
cules in the reaction phase via the evanescent field to
monitor changes in absorption and to excite fluores-
cence. Emitted light from the fluorophores is analogously
coupled into this fibre 38 again via this evanescent
field.This evanescent field could be enhanced by cover-
ing the surface of the stripped fibre with a thin gold layer.
Within this gold layer, a so called surface plasmon could
be excited. The electromagnetic field of this evanescent
field is by orders of magnitude stronger then the electro-
magnetic field of the evanescent field of a non covered
optical fibre. This surface plasmon effect can therefore
be explored to monitor absorption changes more sensi-
tively and to excite more efficiently the fluorescence of
fluorophores immobilized within the penetration depth of
that evanescent field.
[0039] By-products of enzymatic reactions such as
H3O+, O2 or CO2 or NH3 can be measured using the
following reaction phases:

pH sensors can be constructed by immobilizing pH
indicators on the surface. A prerequisite of such in-
dicators is that they have a pKa close to the relevant
pH range of the analysis matrix. An indicator that has
been used by J. Peterson et al. (Anal. Chem. 1980,
52, 864) is phenol red with a pKa of 7.6. It was dem-
onstrated that such sensors work in the physiological
range from 7.4 - 7.0 with a resolution of 0.01 pH units.
Immobilizing pH sensitive fluorophores is another
possibility. Such fluorescence indicators change
with pH either the wavelength of excitation or the
wavelength of emission. D.W. Lüebbers et al. uses
methylumbeliferon (Z. Naturforsch.,C: Biol. 1975,
30c, 532) whereas Wolfbeis (Anal. Chem. 1983, 314,
119) takes 8-hydroxy-1,3,6-pyrenetrisulfonic acid.
Fluorescein and its derivatives can also be used as
fluorimetric pH indicators as demonstrated by Mi-
lanovitch (Proc. SPIE-Int. Soc. Opt. Engl. 1984, 494,
18).

[0040] Most optical O2 sensors reported to date are
based on fluorescence quenching. Linear calibration
curves can be obtained by plotting the fluorescence in-
tensity in the absence of O2 versus the intensity of O2 at
a given oxygen pressure. A variety of reagent phases
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have been used in optical oxygen sensors, such as
pyrenebutyric acid immobilized on solid substrate or
perylenebutyrate.
[0041] A blood NH3-optical sensor is described by
Smock et al. (Anal. Chem. 1979, 51, 505). The reaction
phase consists of a polymer matrix which contains nin-
hydrin. The optical change is based on the formation of
the characteristic Ruhemann Purple colour in the pres-
ence of NH3.
[0042] Any of the above described optical sensors can
be modified for monitoring clinically relevant parameters.
The modification includes immobilization of a suitable en-
zyme within the reaction phase. The substrate of the im-
mobilized enzyme represents the analyte molecule to be
monitored. The enzyme acting on the substrate changes
the concentration of the chemical parameter for which
the optical measurement is sensitive (for instance O2,
pH, CO2 etc.). Numerous such enzymes have been sug-
gested in the literature (in Biosensors, Fundamentals and
Applications, A.P.F. Turner et al eds, Oxford Sci Publ.
1987 pp. 135). The most prominent one is Glucose Ox-
idase which catalyzes the reaction from glucose to glu-
conic acid whereby the O2 and the pH are changed in
the reaction phase. By coupling this enzyme to a pH- or
O2-optode enables monitoring of glucose in biological
fluids as demonstrated by N. Uwira et al. (Adv. Exp. Med.
Biol 1984, 169, 913). The catalytic transformation of pen-
icillin to penicillin acid is accompanied by a change in pH
which can be monitored by a pH-optode when the en-
zyme is coupled to the reactive phase containing fluo-
rescein as an indicator as described by O.S. Wolfbeis et
al. (Anal. Chem. 1988, 332, 255).

Optical biosensors based on the use of immobilized re-
ceptor or binding molecules

[0043] Such sensors can be designed for several an-
alytes like e.g. glucose. A general device fulfilling these
requirements is depicted in FIG 4c. Such a device needs
an optically isolated fibre 38 with an aperture 42 that il-
luminates as a light cone 43 only the inner part of the
reagent phase and not the porous membrane 44 where
receptor molecules 45 are immobilized. A ligand 46 of
the receptor which cannot penetrate the porous mem-
brane and which is labelled by a fluorescent label is in-
corporated into the inner compartment of the reagent
phase. In the absence of any competing ligand the la-
belled ligand binds to the receptor molecule immobilized
on the porous membrane. Intensity of fluorescence light
is small because due to the small aperture of the fibre
the incident light can not excite the fluorescent labels
bound to the receptors. If however competing non fluo-
rescent labelled ligand (the analyte) diffuses into the re-
agent phase and displaces the labelled ligand, the con-
centration of labelled ligand in the illuminated volume in-
creases and so does the fluorescence intensity.
[0044] A sensor working along this principle has been
described by F.F. Bier et al. (Sensors and Actuators

1992, 7, 509) for measuring glucose concentration. Con-
canavalin A serves as the receptor. Dextran labelled with
fluorescein represents the labelled macromolecular lig-
and that binds to the receptor but does not penetrate the
porous membrane. Glucose is the analyte which com-
petes with dextran for the binding sites on concanavalin
A. At equilibrium, the level of free fluorescein labelled
dextran is measured and is correlated to the external
glucose concentration.
[0045] The invention will be further characterized by
the following examples. These examples are not meant
to limit the scope of the invention which has been set
forth in the foregoing description. Variations within the
concepts of the invention are apparent to those skilled in
the art.

Example 1

Device for measurement of the concentration of glucose 
in subcutaneous interstitial fluid over 1 to 3 days

[0046] The device according to the preferred embod-
iment as described above was equipped with an array of
seven implantable electrodes of 150 Pm diameter and 4
mm implantable length. The arrangement of the elec-
trode array is shown in FIG. 5. Four electrodes were coat-
ed with a glucose sensing layer, as described below, two
at an injection depth of 3.0 mm 47 and two of 2.0 mm 48.
Two electrodes served as Ag/AgCl reference 49 and the
central electrode was a Pt counter-electrode 50. This ar-
rangement results in several advantages as compared
to implantable sensors described in prior art which all
contribute to superior reliability concerning the accuracy
of the glucose level determined. The well defined geo-
metric arrangement of the implanted electrodes allows
to separate sensing electrode and counter-electrode as
different pins and allows therewith to optimize by minia-
turization for minimal invasiveness with, at the same time,
a sufficiently large surface for the sensing layer. First, a
larger sensing layer improves measurement signal level
and stability. Second, one of the biggest problems in
achieving reliable measurements of glucose over pro-
longed time in subcutaneous interstitial fluid is the influ-
ence of the body reaction to injury fouling the sensor.
Minimal invasiveness minimizes these reactions. In ad-
dition, the use of several glucose sensors depicted in FIG
5c in parallel and at different insertion depth allows to
correct the glucose determination over time. The re-
sponse of the individual sensors can first be adjusted
against each other and later the highest signal achieved
can be used since reaction to injury always decreases
the signal and is a partly random process. Alternatively,
one or several sensors in the array can be used to monitor
endogeneous substances with a low level of diurnal var-
iation like e.g. citrate and used for correction of sensor
fouling over time.
[0047] The pin-like implantable part of the glucose sen-
sors depicted in FIG 5c is made of stainless steel 51 and
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has an electrolytically prepared sharp point at the tip and
a circular recess of 0.03 mm depth and 1 mm width on
the shaft, with the center of the recess 1.0 or 2.0 mm
from the tip. After cathodic activation to remove the oxide
film from the surface, the stainless steel is coated with
rhodium 52 by galvanostatic electrodeposition under
constant current (50 A/m2). The surface outside, except
the recess area, was insulated with a polyimide layer 53.
The recess area was coated with a glucose sensing layer
essentially following the description by Wagner et al
(Proc. Natl. Acad. Sci. 1998, 95: 6379-6382). It was built
up of a wired enzyme sensing layer 54, a mass transport
controlling membrane 55 and covered by a biocompatible
polyethylene oxide film 56.
[0048] The "wired" enzyme sensing layer was formed
by crosslinking glucose oxidase to poly[(1-vinylimida-
zole)osmium(4,4’-dimethylbipyridine)2Cl] via poly(ethyl-
ene glycol) diclycidyl ether 400 (Polysciences). The glu-
cose flux restricting layer was formed by sequentially fill-
ing the recess and curing twice with 1% solution of cel-
lulose acetate in cyclohexanone; once with a 0.5% solu-
tion of Nafion (Aldrich) in n-propanol; and once with a
freshly prepared solution of poly(vinylpyridine) acetate
(25 mg/ml in water) and polyfunctional aziridine (XAMA-
7, E.I.T., Lakewillie, SC) (30 mg/ml in water) in a 1:2
volume ratio.
[0049] All glucose sensors are connected to an am-
perometric sytem via multiplexing and operated as work-
ing electrodes in connection with the Pt counter and the
Ag/AgCl reference electrodes preferentially at a low op-
erating potential of - 0.1 V. The signals are processed
every two minutes into calculated glucose concentra-
tions. These values are stored in the memory of the in-
built microprocessor for off-line downloading and com-
puter analysis and are in parallel transmitted wireless to
a wrist-watch which converts the signals into a colour-
coded signal message through an LCD dial plate for
averting the patient about his actual glucose status and
the trend of changes. Alternatively, this wireless trans-
mitted signal can be used as a control element for an
insulin infusion pump.
[0050] Other endogenous analytes, like lactate, urea,
creatinine etc but also drugs and xenobiotics like alcohol
can easily be measured using the same principles with
appropriate selective enzymes.

Example 2

Inulin clearance to assess renal function

[0051] As an example, the use of antibiotics can largely
be improved esp. in life-threatening conditions by dose-
adjustment according to renal function. Success of treat-
ment in severe nosocomial infections is often a question
of finding the optimal individualized dosage resulting in
high enough plasma levels over sufficient time to kill the
pathogens (time over MIC). On the other hand, severe
dose-dependent side effects can result due to over-dos-

age. The severity of the clinical condition and the use of
several antibiotics and other drugs in parallel make the
choice of the optimal dosage even more problematic. The
results of a recent trial of the University of Milan (F. Scagl-
ione, 8th ISAP Symposium, 2002) demonstrated that ad-
justment of antibiotic treatment in such a condition ac-
cording to renal clearance could halve the failure rate
and of the mortalities (from 10% to 5%) and shorten the
length of hospitalization by one third. There are no con-
venient methods available to determine renal clearance
at the bed-side. Serial blood samplings and relatively
complicated laboratory analysis prevent the routine ap-
plication of the creatinine or the inulin clearance test for
renal function.
[0052] The inulin clearance test is the gold standard
for assessing glomerular filtration rate and can be meas-
ured after a single bolus injection of 5 g of inulin by fol-
lowing the disappearance over several hours (K. Jung et
al. Clin. Chem. 1992, 38, 403-407). Inulin readily equili-
brates to the interstitial fluid and therefore its excretion
can be readily followed with the subcutaneous diagnostic
device of the subject invention.
[0053] The sensor for determination of inulin concen-
tration over time was constructed essentially in the same
manner as outlined above for glucose in Example 1. The
selective electrochemical determination of inulin made
use of a two-step enzymatic reaction, first the hydrolysis
of inulin via inulinase as described by Kuehnle et al (Ne-
phron 1992; 62: 104-107) followed by amperometric de-
termination of fructose using the enzyme fructose dehy-
drogenase and the mediator tetrathiafulvalene co-immo-
bilized by cross-linking with glutaraldehyde following the
procedure described by S. Capuzano et al (Anal. Bioanal.
Chem. 2003; 377: 600-607).The incorporation of sensors
with the same construction but omitting inulinase into the
array allows for correction of the measured values for
unspecific signals.
[0054] The sensitivity of the electrode can be further
improved by increasing the sensing layer by means such
as fluted or dent shaft, nanotubes, porous anorganic or
organic coatings or polymers.
[0055] In one embodiment for convenient bedside use
the cap of the device was constructed in such a way that
it incorporated a LCD display showing the calculated
clearance in mL/min and the corresponding recommend-
ed dose of the selected antibiotics in % of the standard
dose chosen by the physician assuming normal renal
function. A microprocessor in the device can be loaded
with recommended values for a variety of antibiotics and
the antibiotics in actual use can be called up onto the
display. It is obvious that many variations according to
convenience of application of the device are possible.
[0056] The example above describes only one of many
possible applications. Determination of renal function
based on the clearance of inulin or using alternative sen-
sors for creatinine, p-aminohippuric acid or other clinical-
ly well established substances can be very important for
the correct dosing also of other drugs and for diagnostic
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purposes.

Example 3

Pharmacokinetics of drugs to guide choice of best treat-
ment alternative and dosing schedule.

[0057] Adverse drug reactions were conservatively es-
timated to account for as many as 2.2 million hospital
events, and as many as 100,000 deaths a year in the US
alone (Pomeranz, JAMA 1998; 279: 1216-1217). An im-
portant cause of such adverse drug reactions is caused
by inadequate individual dosing due to large variations
in the pharmacokinetics of the drugs in different individ-
uals. The reasons for such variations are partly the ge-
netic makeup but also environmental factors, the general
condition and concomitant drug treatments of a patient
play an important role. For many drugs such unpredict-
able variations even among normal individuals result in
standard deviation in the values observed for the main
pharmacokinetic descriptors F, CL and Vss of about 20%,
50% and 30% respectively. This means that 95% of the
time the plasma concentration that is achieved with a
standard dose will be between 35% and 270% of the
target; this is an unacceptably wide range for a drug with
a low therapeutic index. The variation in a population with
various illnesses and concomitant drug treatments can
be even more pronounced.
[0058] Of particular interest in this context are drugs
with a narrow therapeutic window like e.g. the blood thin-
ner warfarin and indications in which the efficacy of the
drug becomes apparent only after prolonged treatment
of several weeks like antidepressants and antipsychotic
drugs.
[0059] As an example a diagnostic device for the si-
multaneous determination of the pharmacokinetics of 3
frequently used antidepressants fluoxetin, paroxetin and
venlafaxine given at sub-therapeutic dose is described.
[0060] The sensors for the three drugs were construct-
ed as optical sensors essentially following the design de-
picted in FIG 4c and described by S. Mansouri and J.S.
Schultz (Biotechnology 1984, 2: 885). Monoclonal anti-
bodies were prepared against albumin-drug conjugates
serving as haptens and selected for high affinity for the
parent drug and somewhat lower affinity for the conjugate
in order to increase the sensitivity of the sensors. The
antibodies were immobilized on the inside wall of a Cu-
prophan dialysis fiber (Enka, Wuppertal, Germany), con-
stituting 1 mm of the implanted part of the sensor. The
conjugates were labeled with FITC and introduced into
the porous fiber chamber at a concentration which was
almost totally bound by the immobilized antibody. The
optical system used a laser diode as light source and
commercially available miniaturized components. The
entire optical system and the electronics were placed into
the reusable part of the device and the optical coupling
with the disposable part was achieved through a single
optical fiber.

[0061] Various modifications and changes may be
made without departing from the spirit and scope of the
invention. For instance, larger molecular weight sub-
stances like hormones such as insulin or other proteins
can be preferably monitored with sensors using the prin-
ciple of surface plasmon resonance.
[0062] It is obvious that besides the electrochemical
principles described for sensors in examples 1 and 2, the
optical principles described above, especially in combi-
nation with established technologies such as immuno-
detection, electrochemoluminiscence can form a com-
mon detection platform, which greatly facilitates the de-
sign and construction of devices according to the subject
invention, and allow the determination of several analytes
in parallel with sensors of different selectivities. With such
a design and the selection of panels of xenobiotics/drugs
which are proven to be safe if administered to patients
at low dosage for diagnostic purposes and span the in-
volvement of several metabolic pathways for their elim-
ination, a phenotypic profiling of an individual patient at
a given time can be achieved. Examples of such com-
pounds are i.a. xanthin, coffein or antipyrin, which results
in 3 different metabolites, depending on the individuals
P450 isozyme pattern and which can be measured in
parallel using the subject sensor device. Such a pheno-
typing gives a global picture of the individuals drug me-
tabolizing capacity, covers also, but is not restricted to,
the important hepatic metabolic functions, e.g. the inter-
play of the P450 isozymes which can show wide interin-
dividual variations due to the genotype but also due to
acquired individual factors such as life style, disease his-
tory, concomitant medications, alcohol consumption and
other environmental factors. The necessary actual in vivo
data from an individual can be conveniently obtained with
suitable diagnostic devices according to the subject in-
vention. The data can be downloaded to a diagnostics
information system using state-of-the art transmission
tools, well established through internet and telecommu-
nication, for further processing. Using advanced algo-
rithms like physiology based pharmacokinetic modeling
together with diagnostic data of the patient, such as e.g.
age, body mass index, drug treatments allows to provide
the physician with relevant information for an individual-
ized drug treatment and optimized dosing schedule. Ad-
ditional information e.g. of renal function and genomic
profiling can further improve the predictions.
[0063] The invention has been described with refer-
ence to a few specific and preferred embodiments, tech-
niques and applications. However, it will be apparent to
one of ordinary skill in the art that many variations and
modifications and adaptations to special applications and
needs can be made while remaining within the scope of
the invention.

Claims

1. Device for the in-vivo measurement of the concen-
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tration of an analyte in a body fluid comprising a) a
component with a flexible surface, b) means for se-
curing adherence of that surface to the skin, c) a rigid
part holding one or more subcutaneously implanta-
ble sensors, d) means to position the flexible surface
relative to the sensors in such a way that in a first
position the sensors are concealed by the surface
and in a second position the implantable parts of the
sensors are exposed above the surface, and e) a
mechanism to deform the surface to a convex shape
and to bend it from one to the other position

2. Device according to claim 1 wherein control and
measuring means are integrated

3. Device according to claims 1 to 2, where the implant-
able part of a sensor is a full, rigid, thin pin-shaped
module

4. Device according to claims 1 to 3, where the implant-
able part of a sensor has a diameter below 250 Pm
and an implantation depth of 1 to 5 mm.

5. Device according to claims 1 to 4, where the implant-
able part of a sensor is a pin coated with a sensing
layer

6. Device according to claims 1 to 5, where the implant-
able part of a sensor includes a probe serving as a
semi-permeable interface between the body fluid
and the sensing layer

7. Device according to claims 1 to 6, where the implant-
able part of a sensor includes a light conducting el-
ement

8. Device according to claims 1 to 6, where the implant-
able part of a sensor is a ion-selective probe

9. Device according to claims 1 to 6, where the implant-
able part of a sensor is a sonnar probe

10. Device according to claims 1 to 6, where the implant-
able part of a sensor is a surface plasmon resonance
probe

11. Device according to claims 1 to 10, where the im-
plantable parts of the sensors consist of more than
one functionally similar or different elements

12. Device according to claims 1 to 11, where the im-
plantable part of the sensors has a structured surface
in such a way that the exposed surface of the sensing
layer is increased and protected from stripping dur-
ing insertion into the skin

13. Device according to claims 1 to 12, where several
sensors are used each being selective for a specific

analyte

14. Device according to claims 1 to 13, where the means
for securing adherence to the skin is an adhesive
layer for temporary wearing on the body, and the
adhesive layer is fixed on the flexible surface of the
device by a reduced surface in comparison to the
adhesive surface to the skin.

15. Device according to claims 1 to 14, where the means
for bending the flexible surface into two distinct po-
sitions relative to the implantable tip of the sensors
makes use of the flexibility of this surface for a rapid
movement from the first to the second position by
relaxation from an enforced tense position

16. Device according to claims 1 to 15, where the means
for bending the flexible surface into two distinct po-
sitions is a mechanism actuated by pressing a knob
or the cap of the device, respectively.

17. Device according to claims 1 to 16, where control
and measuring means a) survey the correct func-
tioning of the device, b) transform sensor signals into
analyte measurements, c) store, display and trans-
mit analyte measurements online or batch-wise, and
d) give warning signals if analyte measurement is
not within a predefined range

18. Device according to claims 1 to 17, where the device
is composed of a reusable part comprising all control
elements and a disposable part comprising at least
the elements for adhesion to the skin and insertion
into the skin

19. Device according to claims 1 to 18, where the reus-
able part can be combined with a variety of dispos-
able parts with different sensors and there is an au-
tomatic recognition by means of a code on the dis-
posable part

20. Device according to claims 1 to 19, where the dis-
posable part is housed in a tool which allows, essen-
tially through push-pull manipulations the assembly
with the reusable part as well as all operations for
making the device ready-to-use, and after use to dis-
assemble the two parts

Patentansprüche

1. Vorrichtung für die In-vivo-Messung der Konzentra-
tion eines Analyten in einer Körperflüssigkeit, um-
fassend a) einen Bestandteil mit einer flexiblen Flä-
che, b) ein Mittel zur haftenden Anbringung dieser
Fläche auf der Haut, c) ein starres, mit einem oder
mehreren transkutan implantierbaren Sensoren ver-
sehenes Teil, d) Mittel zur Positionierung der flexi-
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blen Fläche im Verhältnis zu den Sensoren derart,
dass in einer ersten Stellung die Sensoren von der
Fläche verdeckt und in einer zweiten Stellung die
implantierbaren Teile der Sensoren auf der Fläche
freigelegt sind, und e) einen Mechanismus zum ge-
wölbten Verformen der Fläche und zu deren Biegung
von einer Stellung in die andere.

2. Vorrichtung nach Anspruch 1, mit integrierten Mitteln
zur Steuerung und Messung.

3. Vorrichtung nach den Ansprüchen 1 bis 2, wobei der
implantierbare Teil eines Sensors aus einem dün-
nen, starr-massiv ausgeführten stiftförmigen Modul
besteht.

4. Vorrichtung nach den Ansprüchen 1 bis 3, wobei der
implantierbare Teil eines Sensors einen Durchmes-
ser von weniger als 250 Pm und eine Implantations-
tiefe von 1 bis 5 mm aufweist.

5. Vorrichtung nach den Ansprüchen 1 bis 4, wobei der
implantierbare Teil eines Sensors als ein mit einer
Messbeschichtung versehener Stift ausgeführt ist.

6. Vorrichtung nach den Ansprüchen 1 bis 5, wobei der
implantierbare Teil eines Sensors eine Sonde als
halbdurchlässige Grenzfläche zwischen der Körper-
flüssigkeit und der Messbeschichtung aufweist.

7. Vorrichtung nach den Ansprüchen 1 bis 6, wobei der
implantierbare Teil eines Sensors ein lichtleitendes
Element einschließt.

8. Vorrichtung nach den Ansprüchen 1 bis 6, wobei der
implantierbare Teil eines Sensors als ionenselektive
Sonde ausgeführt ist.

9. Vorrichtung nach den Ansprüchen 1 bis 6, wobei der
implantierbare Teil eines Sensors als Ultraschall-
sonde ausgeführt ist.

10. Vorrichtung nach den Ansprüchen 1 bis 6, wobei der
implantierbare Teil eines Sensors als Oberflächen-
plasmonresonanzsonde ausgeführt ist

11. Vorrichtung nach den Ansprüchen 1 bis 10, wobei
die implantierbaren Teile der Sensoren aus mehre-
re, funktionsmäßig gleichartigen oder unterschiedli-
chen Elementen bestehen.

12. Vorrichtung nach den Ansprüchen 1 bis 11, wobei
der implantierbare Teil der Sensoren eine derart
strukturierte Oberfläche aufweist, dass die freilie-
gende Oberfläche der Messbeschichtung vergrö-
ßert und beim Einführen in die Haut gegen Abstreifen
geschützt wird.

13. Vorrichtung nach den Ansprüchen 1 bis 12, wobei
mehrere, jeweils selektiv für einen bestimmten Ana-
lyten vorgesehene Sensoren zum Einsatz gelangen.

14. Vorrichtung nach den Ansprüchen 1 bis 13, wobei
das Mittel zur haftenden Anbringung auf der Haut
aus einer vorübergehend am Körper zu tragenden
Klebeschicht besteht und diese Klebeschicht fest an
der flexiblen Fläche der Vorrichtung über einen im
Vergleich zur Adhäsionsfläche auf der Haut gerin-
geren Bereich anliegt.

15. Vorrichtung nach den Ansprüchen 1 bis 14, wobei
sich die Mittel zum Biegen der flexiblen Fläche in
zwei unterschiedliche Stellungen in Bezug auf die
implantierbare Spitze der Sensoren die Biegsamkeit
dieser Fläche für einen schnellen Wechsel von der
ersten in die zweite Stellung durch Entspannung ei-
ner gespannten Zwangsstellung zunutze machen.

16. Vorrichtung nach den Ansprüchen 1 bis 15, wobei
die Mittel zum Biegen der flexiblen Fläche in zwei
unterschiedliche Stellungen aus einem Mechanis-
mus bestehen, der durch Drückern eines Knopfes
bzw. des Deckels der Vorrichtung betätigt wird.

17. Vorrichtung nach den Ansprüchen 1 bis 16, wobei
die Mittel zur Steuerung und Messung a) die korrekte
Funktion der Vorrichtung überwachen, b) die Sen-
sorsignale in Analytenmesswerte umwandeln, c) die
Analytenmesswerte im Online- oder Stapelbetrieb
speichern, anzeigen und weiterleiten und d) Warn-
signale abgeben, wenn die Analytenmessungen
nicht in einem vorbestimmten Bereich liegen.

18. Vorrichtung nach den Ansprüchen 1 bis 17, wobei
die Vorrichtung aus einem wiederverwendbaren Teil
mit allen Steuerelementen und einem zumindest die
Elemente zur haftenden Anbringung auf und Einfüh-
rung in die Haut enthaltenden Einwegteil besteht.

19. Vorrichtung nach den Ansprüchen 1 bis 18, wobei
das wiederverwendbare Teil mit diversen, unter-
schiedliche Sensoren enthaltenden Einwegteilen
kombiniert werden kann und mittels eines Codes am
Einwegteil eine automatische Erkennung erfolgt.

20. Vorrichtung nach den Ansprüchen 1 bis 19, wobei
sich das Einwegteil in einem Werkzeug befindet,
durch dessen im wesentlichen aus Schub und Zug
bestehenden Betätigung die Zusammenfügung mit
dem wiederverwendbaren Teil samt aller Vorrich-
tungs-Bereitschaftsfunktionen sowie nach dem Ge-
brauch die Trennung der beiden Teile erfolgt.

21 22 



EP 1 706 019 B1

13

5

10

15

20

25

30

35

40

45

50

55

Revendications

1. Dispositif destiné à mesurer in vivo la concentration
d’un analyte dans un liquide organique comprenant
a) un composant avec une surface souple, b) un
moyen d’assurer l’adhérence de ladite surface à la
peau, c) une partie rigide maintenant un ou plusieurs
capteurs implantables de manière sous-cutanée, d)
un moyen de positionner la surface souple par rap-
port aux capteurs de sorte que dans une première
position, les capteurs soient cachés par la surface
et dans une deuxième position, les parties implan-
tables des capteurs soient exposées au-dessus de
la surface, et e) un mécanisme destiné à déforme la
surface en une forme convexe et à la plier d’une
position à l’autre

2. Dispositif selon la revendication 1, dans lequel un
moyen de commande et de mesure sont intégrés

3. Dispositif selon les revendications 1 et 2, dans lequel
la partie implantable d’un capteur est un module
plein, rigide, mince en forme de tige

4. Dispositif selon les revendications 1 à 3, dans lequel
la partie implanlable d’un capteur a un diamètre in-
férieur à 250 Pm et une profondeur d’implantation
de 1 à 5 mm.

5. Dispositif selon les revendications 1 à 4, dans lequel
la partie implantable d’un capteur est une tige revê-
tue d’une couche de détection

6. Dispositif selon les revendications 1 à 5, dans lequel
la partie implantable d’un capteur comprend une
sonde servant d’interface semi-perméable entre le
liquide organique et la couche de détection

7. Dispositif selon les revendications 1 à 6, dans lequel
la partie implantable d’un capteur comprend un élé-
ment photoconducteur

8. Dispositif selon les revendications 1 à 6, dans lequel
la partie implantable d’un capteur est une sonde à
ions sélectifs

9. Dispositif selon les revendications 1 à 6, dans lequel
la partie implantable d’un capteur est une sonde so-
nar

10. Dispositif selon les revendications 1 à 6, dans lequel
la partie implantable d’un capteur est une sonde à
résonance plasmonique de surface

11. Dispositif selon les revendications 1 à 10, dans le-
quel les parties implantables des capteurs consis-
tent en plusieurs éléments fonctionnellement simi-
laires ou différents

12. Dispositif selon les revendications 1 à 11, dans le-
quel la partie implantable des capteurs a une surface
structurée de manière à ce que la surface exposée
de la couche de détection soit augmentée et proté-
gée du décapage lors de l’insertion dans la peau

13. Dispositif selon les revendications 1 à 12, dans le-
quel les divers capteurs sont utilisés, chacun étant
sélectif pour un analyte spécifique

14. Dispositif selon les revendications 1 à 13, dans le-
quel le moyen d’assurer l’adhérence à la peau est
une couche adhésive à porter temporairement sur
le corps, et la couche adhésive est fixée sur la sur-
face souple du dispositif par une surface réduite par
rapport à la surface adhésive à la peau.

15. Dispositif selon les revendications 1 à 14, dans le-
quel le moyen de plier la surface souple en deux
positions distinctes par rapport à l’embout implanta-
ble des capteurs utilise la flexibilité de ladite surface
pour un mouvement rapide de la première à la
deuxième position par un relâchement depuis une
position tendue appliquée

16. Dispositif selon les revendications 1 à 15, dans le-
quel le moyen de plier la surface souple en deux
positions distinctes est un mécanisme actionné en
appuyant respectivement sur un bouton ou sur le
capuchon du dispositif.

17. Dispositif selon les revendications 1 à 16, dans le-
quel un moyen de commande et de mesure a) con-
trôle le bon fonctionnement du dispositif, b) transfor-
me les signaux des capteurs en mesures de l’ana-
lyte, c) stocke, affiche et transmet les mesures de
l’analyte en ligne ou par lots, et d) émet des signaux
d’avertissement si une mesure de l’analyte ne se
trouve pas dans une plage prédéfinie

18. Dispositif selon les revendications 1 à 17, composé
d’une partie réutilisable comprenant tous les élé-
ments de commande et d’une partie jetable compre-
nant au moins les éléments pour l’adhérence à la
peau et l’insertion dans la peau

19. Dispositif selon les revendications 1 à 18, dans le-
quel la partie réutilisable peut être combinée à une
variété de parties jetables avec différents capteurs
et où une reconnaissance automatique est possible
au moyen d’un code sur la partie jetable

20. Dispositif selon les revendications 1 à 19, dans le-
quel la partie jetable est logée dans un outil qui per-
met, essentiellement au moyen de manipulations ti-
rer-pousser, l’assemblage avec la partie réutilisable
ainsi que toutes les opérations visant à rendre le
dispositif prêt à l’emploi et qui, après l’utilisation, per-
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met de démonter les deux parties
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