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Description

[0001] The invention relates to a sensor arrangement for detecting a physiological substance in a body material.
[0002] Moreover, the invention relates to a monitoring system for monitoring a physiological substance in a physiological
subject.
[0003] Beyond this, the invention relates to a method of detecting a physiological substance in a body material.
[0004] Furthermore, the invention relates to a method of manufacturing a sensor arrangement for detecting a physi-
ological substance in a body material.
[0005] For patients who have to permanently monitor the concentration of a specific analyte in the body and provide
to the body medicaments for adapting this analyte concentration to physiological values, a considerable effort arises.
So, for example patients with diabetes have to measure multiple times a day the blood glucose values which are used
as a basis for a therapy decision. In doing so, the skin is perforated for example with a lancet and the thereby emerging
blood is applied on a measuring strip as part of a measuring system. After availability of the measurement value the
insulin dose is calculated wherein the insulin is injected into the subcutaneous tissue by means of a needle. This
measurement/injection cycle is associated with two skin penetrations causing pain. Further, the insulin is administered
in a "non-physiological" dosage. For optimizing the uniform dosage, insulin pumps have been developed which contin-
uously deliver the insulin through an implantable catheter. Besides the advantage of the continuous delivery of the
insulin, the pump catheter may reside in the tissue for a longer time, whereby a multiple piercing is omitted and the
inconveniences associated therewith can be avoided.
[0006] WO 2010/142590 discloses a device for the transcutaneous, in vivo measurement of the concentration of at
least one analyte in a living organism, comprising a carrier which can be introduced into the organism, and a luminescence
indicator, which is immobilized on the carrier and which reacts to a change in the concentration of the analyte to be
measured with a change in at least one optical property, wherein the luminescence indicator is transcutaneously con-
nected to a source for providing the excitation radiation and a detector for detecting the measuring radiation. The
luminescence indicator is immobilized on the outer circumference of a catheter, which is used to dispense a fluid medium,
for example a medication, into the organism or to drain a body fluid.
[0007] Hence, the system according to WO 2010/142590 provides a compact device for measuring the glucose level.
However, in the unlikely event of a failure of the luminescence indicator, a measurement of the glucose level is no longer
reliably possible.
[0008] US 2013/0060105 discloses a continuous glucose monitoring system which may include a hand-held monitor,
a transmitter, an insulin pump, and an orthogonally redundant glucose sensor, which may comprise an optical glucose
sensor and a non-optical glucose sensor. The former may be a fiber optical sensor, including a competitive glucose
binding affinity assay with a glucose analog and a luminophore-labeled glucose receptor, which is interrogated by an
optical interrogating system, for instance a stacked planar integrated optical system. The non-optical sensor may be an
electrochemical sensor having a plurality of electrodes distributed along the length thereof. Proximal portions of the
optical and electrochemical sensors may be housed inside the transmitter and operationally coupled with instrumentation
for, for instance, receiving signals from the sensors, converting to respective glucose values, and communicating the
glucose values. The sensors’ proximal portions may be inserted into a user’s body via a single delivery needle and may
be co-located inside the user’s body.
[0009] The system according to US 2013/0060105 has the advantage that the glucose level measurement is still
possible when one of the two orthogonal redundant glucose sensor fails. It is however a shortcoming of such a system
that the resulting devices require a lot of space.
[0010] It is an object of the invention to provide a failure robust and accurate sensor arrangement for detecting a
physiological substance in a body material which can be manufactured in a compact way.
[0011] In order to achieve the object defined above, a sensor arrangement for detecting a physiological substance in
a body material, a monitoring system for monitoring a physiological substance in a physiological subject, a method of
detecting a physiological substance in a body material, and a method of manufacturing a sensor arrangement for detecting
a physiological substance in a body material according to the appended claims are provided.
[0012] According to an exemplary embodiment of the invention, a sensor arrangement for detecting information in-
dicative of a physiological substance (for instance for detecting a concentration of the physiological substance) in a body
material (such as subcutaneous tissue, interstitial fluid and/or blood) of a physiological subject is provided, wherein the
sensor arrangement comprises a substrate, a first sensor structure connected to (for instance integrally formed with or
formed on and/or in and/or above) the substrate and being configured for (qualitatively or quantitatively) sensing the
physiological substance electrochemically (wherein electrochemical may denote any interaction or interconversion of
electric and chemical phenomena), and a second sensor structure connected to the substrate (for instance integrally
formed with or formed on and/or in and/or above the substrate and/or the first sensor structure) and being configured
for sensing the physiological substance (qualitatively or quantitatively) by a luminescence detection (wherein lumines-
cence particularly covers fluorescence and phosphorescence; luminescence can be denoted as the emission of elec-
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tromagnetic radiation by a substance resulting from cold body radiation, rather than by heat, and can be caused by
chemical reactions).
[0013] According to another exemplary embodiment of the invention, a monitoring system for monitoring a physiological
substance in a body material of a physiological subject is provided, wherein the monitoring system comprises a catheter
(which may comprise the above mentioned substrate as an integral part of the catheter, or alternatively the substrate
may be provided as a separate member attached to the catheter) being implantable (partly or completely) in the phys-
iological subject, a sensor arrangement having the above mentioned features and being integrated with the catheter so
that the first sensor structure and the second sensor structure are brought in interaction with the body material comprising
the physiological substance in the physiological subject when the catheter is implanted in the physiological subject, an
evaluation unit configured for evaluating a first sensor signal and a second sensor signal of the sensor arrangement in
common (i.e. using both the first sensor signal and the second sensor signal for deriving the information indicative of
the physiological substance and being output as an overall result of the measurement), wherein the first sensor signal
is detected as an electrochemical response of the first sensor structure upon interaction of the physiological substance
with the first sensor structure, and the second sensor signal is detected as a response (such as a change) of luminescence
properties of the second sensor structure upon interaction with the physiological substance.
[0014] According to still another exemplary embodiment of the invention, a method of detecting a physiological sub-
stance in a body material of a physiological subject is provided, wherein the method comprises bringing a sensor
arrangement in interaction with the body material comprising the physiological substance, wherein the sensor arrange-
ment has a substrate connected with a first sensor structure configured for sensing the physiological substance elec-
trochemically and connected with a second sensor structure configured for sensing the physiological substance by a
luminescence detection, detecting a first sensor signal indicative of the physiological substance based on an electro-
chemical response of the first sensor structure upon interaction with the physiological substance, detecting a second
sensor signal indicative of the physiological substance based on luminescence properties of the second sensor structure
upon interaction with the physiological substance, and evaluating the first sensor signal and the second sensor signal
in common.
[0015] According to still another exemplary embodiment of the invention, a method of manufacturing a sensor arrange-
ment for detecting information indicative of a physiological substance in a body material is provided, wherein the method
comprises connecting a first sensor structure to (particularly directly onto) a substrate and configuring the first sensor
structure for sensing the physiological substance electrochemically, and connecting a second sensor structure to the
substrate (particularly connecting the second sensor structure directly onto the first sensor structure which may, in turn,
be connected directly onto the substrate) and configuring the second sensor structure for sensing the physiological
substance by a luminescence-based detection.
[0016] The term "catheter" may particularly denote a tube (or any differently shaped geometrical structure) that can
be inserted into a physiological body, wherein upon inserting the catheter into the physiological body, the catheter may
generate itself a cavity in which the catheter is accommodated. A catheter may be a flexible tube. In other embodiments,
a catheter may be a stiff tube. Its diameter may vary particularly between 0.2 mm and 10 mm.
[0017] The term "physiological subject" or biological object may particularly denote any human being, any animal, and
any plant (any organism).
[0018] The term "physiological substance" may particularly denote any substance which occurs naturally within a
physiological subject and is therefore related to the physiology of a living organism, for instance the metabolism, etc.
Such a physiological substance may include a biochemically active molecule (such as glucose), a hormone, a protein, etc.
[0019] The term "physiologically active substance" may particularly denote any substance which may have an effect
on the physiology of the living organism, for instance a medication, a drug, etc.
[0020] A gist of an exemplary embodiment is that an orthogonally redundant detection system for detecting a physi-
ological substance in a body material is provided in which an electrochemically-based sensor and a luminescence-based
sensor are integrated together within a single common substrate (for instance an integral layer stack in which both an
electrochemical sensor structure as well as a luminescent sensor structure is embedded) so as to obtain a high com-
pactness as well as a high reliability of the measurement at the same time. Layers of such a layer stack may have a
thickness in one dimension which is significantly smaller, particularly at least five times smaller, than extensions of the
layer in other dimensions. When one sensor fails in an exceptional case, the other one is still able to provide the desired
information. When both sensors work, the orthogonal redundancy provides for an improved high accuracy of the meas-
urement result. The integral formation of both sensor structures on and/or in and/or above the same substrate results
in a small dimensioned sensor arrangement and in the occurrence of the sensor events related to both the electrochem-
ically-based measurement as well as the luminescence-based measurement basically at the same location and therefore
based on the same physical sample of physiological substance. In other words, the first sensor structure and the second
sensor structure can be arranged in such a close spatial relationship that one and the same educts and/or products of
one and the same biochemical reaction have simultaneously an impact on both the luminescence-based measurement
and to the electrochemical measurement. Thus, exemplary embodiments allow to efficiently suppress artefacts which
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conventionally result from the use of different volumes of sample material for different measurements of the physiological
substance at different locations. Thus, the comparability of the measurements as well as the result of the common
evaluation can be significantly improved.
[0021] More specifically, an exemplary embodiment of the invention allows the manufacture of a sensor arrangement
providing orthogonal redundancy by the combination of two sensing technologies on one and the same sensor arrange-
ment: an electrochemical sensor for detecting a physiological substance such as glucose, which electrochemical sensor
benefits from a cover layer which can be formed as a diffusion barrier for the physiological substance and electrically
detects the glucose level by an electrode buried beneath the cover layer; and a luminescence-based sensor, such as
a fluorescence-based glucose sensor, which can be realized by implementing a luminescence substance, such as a
fluorescent dye, in the cover layer. Consequently, the conversion of the same physiological substance (such as glucose)
can be read out electrochemically at the electrode as well as optically by inspecting the luminescence substance of the
cover layer. By such embodiments, it is possible to read out one and the same sensor optically as well as electrochemically.
The area consumption of such a sensor arrangement is very small (for instance can be reduced in comparison with two
separate sensors by a factor of two), while making benefit of the advantages of an orthogonally redundant measurement.
[0022] In the following, further exemplary embodiments of the sensor arrangement, the monitoring system, the method
of detecting a physiological substance in a body material, and the method of manufacturing a sensor arrangement will
be explained.
[0023] In an embodiment, both the first sensor structure and the second sensor structure are configured for detecting
glucose as the physiological substance. Such a glucose monitoring may be performed in a body fluid (such as blood or
interstitial fluid), in solid body material (such as subcutaneous adipose tissue), etc., as the body material. For example,
a chemical reaction used as a basis for the electrochemical and luminescence-based detection is:

glucose + oxygen -> (catalysed by glucose oxidase) -> gluconolactone + hydrogen peroxide

[0024] The glucose oxidase enzyme (GOx) is hence an oxido-reductase that catalyses the oxidation of glucose to
hydrogen peroxide and D-glucono-δ-lactone.
[0025] The electrochemical detection of glucose as physiological substance can be performed by measuring a change
of the electric properties (such as a change in the current flow or a voltage) of an electrode of the first sensor structure
as a result of the oxidation of the hydrogen peroxide generated by the above reaction. For instance, the current flow at
the electrodes is considered to be dependent on the concentration of hydrogen peroxide produced by the above reaction.
[0026] The luminescence based detection of glucose as physiological substance can be performed by measuring the
change of the partial oxygen pressure at the second sensor structure, since the oxygen pressure in the second sensor
structure influences the luminescence properties of a luminescent substance in the second sensor structure. For instance,
a fluorescent dye as luminescent substance may have optical properties (in terms of absorption of electromagnetic
radiation and re-emission of other electromagnetic radiation after the absorption) which depend on the surrounding
oxygen concentration. Oxygen, in turn, is consumed by the above chemical reaction in an amount which corresponds
to the glucose concentration. Hence, a change of the optical properties at the second sensor structure is a fingerprint
of the present glucose level in the body material.
[0027] In terms of glucose monitoring, the biocompatibility of the sensor arrangement in the optical measurements
path can be further increased, since the electrochemical sensor advantageously promotes a decomposition of hydrogen
peroxide generated upon an oxidation reaction of the glucose.
[0028] Although glucose monitoring is an important application of a sensor arrangement according to an exemplary
embodiment, it should be mentioned that the detection of other physiological substances is possible as well according
to other embodiments. For instance, the lactate level in a body material may be measured, wherein a suitable enzyme
may be used for catalyzing a corresponding reaction, as known by those skilled in the art.
[0029] In an embodiment, the substrate comprises a foil (such as a sheet) and/or a tube (such as a hollow cylindrical
structure). Since the first sensor structure and the second sensor structure can be formed by applying (for instance
depositing) layers of appropriate material on the substrate, basically any substrate can be used as a support for such
layer-based sensor structures. When applying such sensor structure layers directly on a tube, the tube itself can in turn
be configured as a catheter for insertion into the physiologic object. When forming the sensor structure on a sheet, this
sheet can in turn be attached to a support (such as a tube) for performing the dual measurement on the support. For
example, such a support can again be a catheter.
[0030] In an embodiment, at least one of the first sensor structure and the second sensor structure is configured as
at least one layer formed in and/or on and/or above the substrate. By configuring the sensor arrangement as a layer or
a layer sequence on the supporting substrate, a highly compact structure is obtained which is suitable for implantation
into the physiological subject. By selecting the order of the application of the layers, it is possible to adapt the sensor
arrangement to be particularly sensitive in combination with optionally used further external components, such as an
optical emitter and an optical detector and/or an electric emitter and an electric detector.
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[0031] In an embodiment, the first sensor structure comprises an electrode (for instance made of one or more metals
such as gold or platinum, or metaloxides such as iron oxides, ruthenium oxides and manganese oxides) and an enzyme
(which may catalyze a chemical reaction involving the physiological substance to be detected, for instance glucose
oxidase when sensing glucose as physiological substance) included in an enzyme comprising structure (which may, in
turn, comprise a matrix in which the enzyme is embedded). In an embodiment, the electrode may be configured for
detecting a product (such as hydrogen peroxide in case of glucose monitoring) of an enzyme-catalyzed chemical reaction
between the physiological substance and a further educt substance (which may also be denoted as a reactant or a
starting substance, such as oxygen in the case of glucose monitoring). Via such an electrode, an electric signal such
as an electric current may be measured when the reaction product is oxidized at the electrode..
[0032] In an embodiment, the second sensor structure comprises a luminescent substance (for instance a fluorescent
substance such as a porphyrine) having luminescent properties which change upon change of an amount of an educt
(such as oxygen in case of glucose monitoring) of a chemical reaction between the physiological substance (such as
glucose) and the educt. For example, when oxygen is consumed by a glucose-oxygen reaction, the reduction of the
partial pressure of oxygen can be detected, since this will also change the fluorescent properties of a fluorescent agent
interacting with oxygen. The reduction of the oxygen pressure due to consumption by a glucose-oxygen reaction allows
deriving information concerning the concentration of glucose. Hence, the second sensor structure may be configured
for sensing the physiological substance by a fluorescent detection as the luminescence detection. According to the
invention, the electrode is arranged directly on the substrate, the luminescent substance is arranged in a surface portion
of the sensor arrangement in direct contact with the body material, and the enzyme is arranged in an enzyme section
(such as an enzyme layer) between the electrode and the luminescent substance. In such an embodiment, the physio-
logical substance may be capable of passing the layer accommodating the luminescent substance in which also a further
educt (such as oxygen in the case of glucose monitoring) for a physiological substance-educt reaction is present. In the
surface layer, interaction between the luminescent substance and one educt occurs. This can be detected optically by
directing electromagnetic radiation onto the surface layer and detecting the luminescent response. Arranging the lumi-
nescent substance in the surface layer of the sensor arrangement is therefore advantageous for performing the optical
measurement with high accuracy. The physiological substance having passed the surface layer comes in interaction
with the enzyme layer beneath where the actual catalyzed physiologic substance-educt reaction occurs. The product of
this reaction is therefore already in close spatial relationship with the electrode beneath the enzyme layer so that a highly
sensitive electrochemical detection of the product is enabled by performing an electric measurement. The reaction in
the enzyme layer consumes one educt (oxygen in the case of glucose monitoring). The change in educt concentration
leads to a change of the optical properties of the luminescent substance in the surface layer which can be detected
optically by directing electromagnetic radiation onto the surface layer and detecting the luminescent response. Therefore,
the described arrangement of the individual components of the sensor structures provides for an extremely compact
and accurate orthogonally redundant measurement of the level of the physiological substance, or of other properties
thereof.
[0033] In an embodiment, the surface portion is permeable (to a full or to a limited extent) for the physiological substance.
For instance, the surface portion may be formed as a permeable membrane in which the luminescent substance (such
as luminescent particles) are embedded.
[0034] In an embodiment, the enzyme comprising structure (such as an enzyme layer below the layer with the lumi-
nescent substance) is permeable for the product. When the enzyme section is permeable for the product, the product
may diffuse towards the electrode, for instance directly beneath the enzyme comprising structure, for performing the
electrochemical detection.
[0035] In an embodiment, the surface portion is impermeable for the enzyme. By taking this measure, the enzyme is
prevented from diffusing out of the enzyme layer into the body material. At the same time, the surface portion may be
permeable for the physiological substance so as to bring the latter in interaction with the enzyme.
[0036] In an embodiment, at least a part of the first sensor structure and at least a part of the second sensor structure
are integrated into a common physical body (such as a common layer or layer sequence) so that a sensor event detectable
by the first sensor structure and a sensor event detectable by the second sensor structure both occur within the common
physical body. On the one hand, this has the advantage that the required volume for or space consumption of the sensor
arrangement is extremely small, so that it can be conveniently implanted into a physiological subject such as a human
patient. On the other hand, however this has the additional advantage that the spatial volume in which the electrochemical
detection takes place and the spatial volume in which the optical detection take place, strongly overlap or maybe even
identical, so that the sensor results of both complementary measurements are directly comparable and therefore provide
meaningful results. Thus, artifacts resulting from the fact that the measurements are performed on different portions of
the body material may be suppressed efficiently.
[0037] In an embodiment, the first sensor structure, the second sensor structure and the substrate are formed as an
integral inseparable structure. Therefore, it is easy for a user to operate the sensor arrangement, since only a single
piece is to be handled, such as a catheter with the sensor arrangement thereon.
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[0038] In an embodiment, the second sensor structure is formed on the first sensor structure so that the latter spaces
the substrate with regard to the second sensor structure. In other words, the first sensor structure (such as one or more
first sensor layers) may be sandwiched between the substrate and the second sensor structure (such as one or more
second sensor layers). By this spatial configuration, the optical measurement can be performed in a surface portion of
the sensor arrangement which simplifies optical excitation and renders optical detection more accurate. On the other
hand, the electrochemical detection can be performed below the surface of the sensor arrangement so that it is not
negatively influenced by a direct interaction between the body material and a detection electrode.
[0039] In an embodiment, the catheter may be made of a plastic material which may be permeable or impermeable.
[0040] In an embodiment, the catheter is a catheter tube, wherein the sensor arrangement is arranged circumferentially
at a proximal position (i.e. at or close to an end of the catheter tube facing the or directed towards the physiological
subject) of the catheter tube. Particularly, the sensor arrangement may be provided as an annular structure extending
around a perimeter at or next to a proximal end of the catheter tube. It is alternatively also possible that the sensor
arrangement is provided as a sheet (such as a strip) adhered to or deposited on the catheter. By locating the sensor
arrangement at a proximal position of the catheter tube, it is at a position at which the interaction with the body material
is not negatively influenced by effects which may occur close to a surface of the physiological subject.
[0041] In an embodiment, the monitoring system comprises a supply unit configured for supplying a physiologically
active substance (for instance in form of a fluid), particularly a medication such as insulin, to the physiological subject
(such as a human or an animal) in a quantity depending on a result of the evaluation unit. In view of the high accuracy
of the redundant dual measurement of the level of the physiological substance by the sensor arrangement according to
an exemplary embodiment, the result of the measurement is precise enough to base a quantitative supply of a physio-
logically active substance (for influencing a physiological state of the physiological subject) to the physiological subject
(particularly to the body material) in accordance with the measurement results. For example, when the glucose level
has been determined electrochemically and optically, an amount of insulin to be supplied to the physiological subject to
compensate for an undesired change of the glucose level or deviation of the glucose level from a target value can be
calculated based on the measurement results and can be supplied to the physiological subject by the supply unit. The
supply unit may comprise a pump being controlled by the evaluation unit. The pump may deliver, under control of the
evaluation unit, an amount of physiologically active substance which can be adjusted by adjusting the pumping perform-
ance.
[0042] In an embodiment, the supply unit is configured for supplying the physiologically active substance to the phys-
iological subject via a permeable section of the catheter. In one embodiment, a through hole is formed in the catheter,
for instance at a proximal end of a tubular catheter (for example at a flange face thereof). In another embodiment, the
material of the wall of the catheter may be configured, partly or entirely, as a permeable membrane or as a mesh of
filaments through which the physiologically active substance may diffuse or may be pressed. It is also possible that the
wall of the catheter is at least partially slitted so that the physiologically active substance may be supplied to the body
material via one or more slits. Thus, a compact system of monitoring the level of the physiological substance and of
delivering a physiologically active substance in an amount corresponding to the result of the monitoring may be provided.
[0043] In an embodiment, the monitoring system comprises an electrically conductive signal supply structure (such
as a first wiring) configured for transmitting an electric stimulus signal to the first sensor structure, and an electrically
conductive detection structure (such as a second wiring) configured for transmitting an electric detection signal to the
evaluation unit. The electric detection signal may be generated or modified at the first sensor structure in response to
the electric stimulus signal upon interaction of the sensor arrangement with the physiological substance. For instance,
an electric voltage may be applied to the electrically conductive signal supply structure and consequently to a measure-
ment electrode of the first sensor structure (particularly may be applied between the electrically conductive signal supply
structure and the electrically conductive detection structure), and a resulting current flow may be detected via the elec-
trically conductive detection structure. Such a current is characteristically influenced by the present level of the physio-
logically active substance when a product of a chemical reaction consuming the physiological substance is oxidized at
the electrode inducing an electrical current to the electrode.
[0044] In an embodiment, at least one of the electrically conductive signal supply structure and the electrically con-
ductive detection structure is accommodated at least partially on and/or integrated within a wall of the catheter. For
example, a corresponding wiring structure may be guided along an interior and/or along an exterior surface of the catheter
tube (for example along an axial direction thereof) and/or may be integrated within the wall of such a catheter tube. Such
a wiring structure may be adhered to the wall of the catheter or may be sputtered onto a surface of the catheter tube
(for instance with a thickness of 10 nm to 100 nm). Optionally, the wiring structure may be electrically insulated.
[0045] In an embodiment, the monitoring system comprises an electromagnetic radiation source (such as a light
source) configured for transmitting primary electromagnetic radiation to the second sensor structure, and an electro-
magnetic radiation detector (such as a light detector) configured for detecting secondary electromagnetic radiation
generated at the second sensor structure (for instance by fluorescence) in response to the primary electromagnetic
radiation upon interaction with the physiological substance, and configured for transmitting a corresponding detection
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signal to the evaluation unit (which may also be configured as a control unit for controlling operation of the entire monitoring
system). Such an electromagnetic radiation source may be a light emitting diode (LED)/photodiode irradiating electro-
magnetic radiation in an appropriate wavelength range so as to excite fluorescent material of the luminescence agent
in the second sensor structure. For instance, such an LED may emit electromagnetic radiation in a range between 600
nm and 800 nm. In response to the absorption of this electromagnetic radiation, the luminescent agent will emit a
secondary electromagnetic radiation having a longer wavelength, for instance in a range between above 600 nm and
900 nm. The electromagnetic radiation detector may be configured for detecting electromagnetic radiation in this wave-
length range and may for instance be configured as a photodetector/photodiode.
[0046] In an embodiment, the monitoring system comprises a support body (such as a plastic plate) to be located
outside of the physiological subject and accommodating the electromagnetic radiation source and the electromagnetic
radiation detector. Such a support body may be attached to a surface such as the skin of the physiological subject/body
material, i.e. in close spatial relationship to the catheter inserted into the physiological subject. Thus, an interaction
between the optics within the support body on the one hand and the second sensor structure implanted into the physi-
ological subject is enabled. For instance, the support body may be a lightweight plastic structure. In the support body,
further components such as the evaluation unit may be integrated as well.
[0047] In an embodiment, the catheter (which may be implanted at least partly in the physiological object) with the
sensor arrangement on the one hand and the support body (which may be attached to an outer surface of the physiological
object) with the electromagnetic radiation source and the electromagnetic radiation detector on the other hand may be
aligned relative to one another in such a way that the primary electromagnetic radiation propagates from the support
body through the body material towards the second sensor structure to generate the secondary electromagnetic radiation
which, in turn, propagates back from the second sensor structure through the body material towards the support body.
[0048] In an embodiment, the monitoring system comprises an insertion needle configured to be selectively insertable
into the catheter for inserting, in turn, the catheter into the physiological subject, or to be retactable out of the catheter
and out of the physiological subject after the insertion of the catheter into the physiological subject. For implementing
the catheter into the physiological subject, the needle within the lumen of the catheter and the catheter itself may both
be inserted into the physiological subject, wherein a sharp tip or lancet of the needle may simplify insertion. After the
insertion, the needle may be retracted from the catheter so that the catheter alone may remain within the physiological
subject so that its lumen may then be used for other purposes, for instance for conducting a physiologically active
substance into the body material.
[0049] In an alternative embodiment, the monitoring system comprises a hollow insertion needle configured so that
the catheter is selectively insertable into the insertion needle for inserting the catheter into the physiological subject and
that the insertion needle is retactable relative to the catheter after the insertion of the catheter into the physiological
subject. According to this embodiment, the catheter is received in an interior lumen of the needle (which may hence be
shaped as a hollow, for example tubular, body) for implanting into the physiological body. After implanting, the needle
can then be removed by retracting it relative to the catheter, so that the catheter alone remains in the physiological body.
This has the advantage that the needle serves as a as a circumferential protection of the catheter during the implantation.
[0050] According to an exemplary embodiment of the invention, a sensor arrangement, a catheter or a monitoring
system having the above mentioned features is used for measuring at least one physiological parameter (such as a
concentration) of the physiological substance in the physiological subject (or alternatively may be used for in vitro
applications). The term "physiological parameter" may particularly denote any parameter which is related to the physiology
of a living organism, for instance the metabolism, etc. Such a physiological parameter may be the value of the concen-
tration of the physiological substance.
[0051] The aspects defined above and further aspects of the invention are apparent from the examples of embodiment
to be described hereinafter and are explained with reference to these examples of embodiment.
[0052] The invention will be described in more detail hereinafter with reference to examples of embodiment but to
which the invention is not limited.

Figure 1 shows a monitoring system for monitoring a physiological substance in a physiological subject according
to an exemplary embodiment of the invention.
Figure 2 to Figure 7 show a cross-sectional views of sensor arrangements for detecting a physiological substance
in a body material.
Figure 8 shows a monitoring system for monitoring a physiological substance in a physiological subject according
to another exemplary embodiment of the invention.

[0053] The illustration in the drawing is schematically. In different drawings, similar or identical elements are provided
with the same reference signs.
[0054] Figure 1 shows a monitoring system 150 for monitoring glucose as a physiological substance in a human as
a physiological subject 106 according to an exemplary embodiment of the invention.
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[0055] The monitoring system 150 comprises a tubular plastic catheter 108 with an impermeable side wall enclosing
a lumen 114 for supplying a fluid (see arrows 172) pumped through the lumen 114 to body material 102 via an opening
of the catheter 108 at a proximal flange face. A proximal end of the catheter 108 has an open flange face via which a
fluid guided through the lumen 114 of the catheter 108 can be transferred into subcutaneous adipose tissue as the body
material 102. Hence, the catheter 108 is presently implanted into the body material 102. The body material 102 also
comprises a certain concentration of glucose as physiological substance. Via at the open end of the catheter 108, a
medication such as insulin can be supplied, as the above-mentioned fluid, to the body material 102 in a defined quantity.
[0056] A sensor arrangement 100 according to an exemplary embodiment, which will be explained below in further
detail, is formed as an integral part of the catheter 108 and is shaped as a ring surrounding an outer circumference
surrounding the catheter 108 close to the proximal end thereof. An outer surface of the sensor arrangement 100 is
therefore in direct contact and fluid exchange with the body material 102. Via the sensor arrangement 100, the present
glucose level in the body material 102 can be sensed accurately by an orthogonally redundant dual measurement. In
the present embodiment, the wall of the catheter 108 serves as substrate 104 of the sensor arrangement 100, so that
a first sensor structure (compare reference numeral 202 in Figure 2) and a second sensor structure (compare reference
numeral 204 in Figure 2) can be formed or applied onto the substrate 104.
[0057] An evaluation unit 110, which may also be denoted as a control unit and which may be embodied as a micro-
processor or a central control unit, CPU, is configured for evaluating in common sensor signals from an electrochemical
measurement and from a fluorescence measurement performed by the sensor arrangement 100. Hence, the different
individual measurements of an orthogonally redundant dual measurement architecture are both considered (for instance
are averaged, compared, etc.) to increase the accuracy of an overall sensor result of the monitoring system 150. The
evaluation unit 110 uses the result of the determination of the glucose level in the body material 102 to determine which
amount of insulin should be delivered to the body material 102 so as to adjust the glucose level to assume a target value.
The evaluation unit 110 then sends a control signal to a fluid pump 112 to supply a predefined amount of insulin from
an insulin reservoir 160 to the lumen 114 of the catheter 108 and from there into the body material 102. In view of the
high accuracy of the complementary redundant measurement of the glucose level by the sensor arrangement 100, the
result of the glucose level determination can be taken as a basis for the calculation of an appropriate insulin supply level.
[0058] Figure 2 shows an enlarged cross-sectional view of the sensor arrangement 100 of the monitoring system 150
according to Figure 1. The sensor arrangement 100 for detecting the glucose level in the body material 102 comprises,
as substrate 104 for the below described sensor structures, an annular section of the catheter 108. Alternatively, it is
possible to provide a separate tubular or sheet-like substrate 104 to be connected to the catheter 108 by sliding, adhering,
etc., as a basis for the deposition or formation of the sensor structures, as described below.
[0059] As can be taken from Figure 2, a first sensor structure 202 being configured for sensing the physiological
substance electrochemically is formed and located directly on the substrate 104. On top of the first sensor structure 202,
therefore indirectly connected to but also integrally formed with the substrate 104, there is provided a second sensor
structure 204 being configured for sensing the physiological substance by a fluorescence based detection. In the shown
embodiment, both the first sensor structure 202 as well as the second sensor structure 204 are provided as layer(s) or
layer sequence on the substrate 104, thereby forming an integral layer stack. Consequently, the sensor arrangement
100 can be formed in a compact way.
[0060] The first sensor structure 202 comprises an electrode 206 which can be made of gold and which is deposited
directly on the substrate 104. The electrode 206 can be formed on the plastic substrate 104 by sputtering. It may have
a thickness of for instance 50 nm. An enzyme layer 216 comprising an enzyme 208, in the present embodiment comprising
or consisting of glucose oxidase, is deposited on the electrode 206. The electrode 206 in combination with the enzyme
layer 216 form the first sensor structure 202.
[0061] A fluorescent dye 212, for instance benzoporphyrine, is embedded in a permeable membrane 222 to thereby
form the second sensor structure 204. The permeable membrane 222 has the function to protect the enzyme 208 particles
in the enzyme layer 216 and to limit or control the access of glucose into the sensor arrangement 100. An upper surface
of the second sensor structure 204 forms an outer surface 210 of the sensor arrangement 100, i.e. being exposed to
the body material 102. In one embodiment, the fluorescent dye 212 may be dissolved in material (such as a precursor)
which later forms the permeable membrane 222 by curing or hardening. Alternatively, it is possible to disperse particles
of the fluorescent dye 212 into a precursor of the permeable membrane 222. This mixture may then be applied to the
first sensor structure 202 by spray coating, dip coating, dispensing, etc. The material of the permeable membrane 222
may be a hydrogel and/or a polymer, both dissolved in an appropriate solvent. The solvent may then be evaporated so
that the permeable membrane 222 with the embedded fluorescent dye 212 remains on top of the first sensor structure
202 to thereby constitute the second sensor structure 204.
[0062] By means of the described configuration of the sensor arrangement 100 it is possible to perform two measure-
ments of the glucose level within the body material 102, which measurements are based on different detection principles
and therefore provide independent information but are nevertheless performed on one and the same fluidic sample, i.e.
a part of the body material 102 diffusing into and through the permeable membrane 222, to thereby interact with the first
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sensor structure 202 and the second sensor structure 204.
[0063] As visually indicated in Figure 2,the electrochemical first sensor structure 202 is constituted by the electrode
206 and the enzyme comprising structure 216. As visually indicated in Figure 2 as well, the optochemical second sensor
structure 204 is constituted by the luminescent agent comprising structure 212 and the enzyme comprising structure 216.
[0064] The chemical reaction used as a basis for the electrochemical detection and for the fluorescence-based detection
is:

glucose + oxygen -> (catalysed by glucose oxidase) -> oxidized glucose + hydrogen peroxide

[0065] As indicated schematically in Figure 2, glucose ("G") as the physiological substance to be detected diffuses
from the body material 102 through the permeable membrane 222 of the sensor arrangement 100 into the top layer of
the first sensor structure 202, i.e. the enzyme layer 216. In the enzyme layer 216, the mentioned chemical reaction takes
place in a considerable amount thanks to the catalysing effect of the glucose oxidase as enzyme 208 being present in
the enzyme layer 216. As a result or product of this chemical reaction, hydrogen peroxide (H2O2) is generated which
has the effect to trigger a pronounced oxidation of a surface portion of the electrode 206. Thus, the value of the ohmic
resistance/impedance of electrode 206 is characteristically modified in accordance with the glucose level in the body
material 102, since the glucose level has a strong impact on the amount of hydrogen peroxide produced. The corre-
sponding change in the electrical properties of electrode 206 can be detected in terms of the above-mentioned electro-
chemical detection.
[0066] As can be taken from the above equation, the mentioned chemical reaction also consumes oxygen ("O2") and
produces oxidized glucose ("GO"). The reduction of the oxygen level in the enzyme layer 206 and in its surrounding,
therefore also in the layer forming the second sensor structure 204, has an impact on all processes depending on the
local partial oxygen pressure. Consequently, also the fluorescent properties of the fluorescent dye 212 in the second
sensor structure 204 are influenced by this glucose level-related consumption of oxygen. This can be detected optically,
as described below.
[0067] Since the first sensor structure 202 and the second sensor structure 204 are integrated into the same physical
body, i.e. an annulus surrounding the catheter 108, a sensor event detected by the first sensor structure 202 and a
sensor event detected at the second sensor structure 204 both occur within a common, inseparable physical body and
in the context of one and the same chemical reaction. Therefore, the measurement results of the first sensor structure
202 and of the second sensor structure 204 are directly comparable, but are nevertheless based on different physical
principles and effects, thereby providing complementary or orthogonal information.
[0068] Coming back to Figure 1, the monitoring system 150 furthermore comprises an electrically conductive signal
supply structure 120 in form of an electrically conductive wiring which is connected between the electrode 206 and the
evaluation unit 110 for transmitting a primary electric signal as a stimulus to the electrode 206 of the first sensor structure
202. An electrically conductive detection structure 122, here embodied also as an electrically conductive wiring, is
connected to conduct current from the electrode 206 to the evaluation unit 110. Hence, a secondary electric signal which
is generated at the electrode 206 in response to the application of the primary electric signal after the interaction between
the physiological substance and the sensor arrangement 100 can be supplied to the evaluation unit 110. Thus, the
change of the ohmic resistance/impedance of the electrode 206 being oxidized by the reaction product hydrogen peroxide
can be detected by measuring a current flow through the electrode 206 in response to the application of an electric
stimulus. The electrically conductive signal supply structure 120 and the electrically conductive detection structure 122
are embodied in Figure 1 as wiring structures aligned in parallel to one another and to a longitudinal axis of the catheter 108.
[0069] Coming to the optical measurement, an electromagnetic radiation source 124 embodied as a photodiode or
light emitting diode (LED) is provided for transmitting primary electromagnetic radiation 126 to the second sensor structure
204. When the electromagnetic radiation is in the wavelength range between 600 nm and 800 nm, it excites the fluorescent
dye 212 of the second sensor structure 204. In response to this excitation, the fluorescence dye 212 re-emits secondary
electromagnetic radiation having a larger wavelength as compared to the primary electromagnetic radiation, for instance
in a range between above 600 nm and 900 nm. An electromagnetic radiation detector 128, which may be embodied as
a photodiode, is arranged for measuring the secondary electromagnetic radiation. Since the educt of the above mentioned
chemical reduction, i.e. oxygen, is consumed in an amount depending on the glucose level in the body material 102,
and since the presence of oxygen has an impact on the characteristics of the fluorescent dye 212, the change of the
secondary electromagnetic radiation detected by the electromagnetic detector 128 is a fingerprint of the glucose level.
This signal is supplied to the evaluation unit 110 which can correspondingly derive a result of the optic/luminescence
measurement.
[0070] Both the electromagnetic radiation source 124 and the electromagnetic tradition detector 128 are located within
a support body 132 of plastic which is to be located outside of the physiological body 106, particularly on a skin of the
body material 102. The support body 132 may also comprise gripping elements 152 to simplify handling of the support
body 132 by a user.
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[0071] The evaluation unit 110 may then determine an actual value of the glucose level in the body material 102 by
combining the measurement results of the electrochemical detection as well as of the optical detection. For instance,
an arithmetic average may be calculated. If the deviation of the arithmetic average from the individual measurement
results becomes larger than a predefined threshold value, the evaluation unit 110 may output that the measurement
result is doubtful. If one of the two measurement values is unreasonably small or large, the evaluation unit 110 may only
use the other, reasonable value and may indicate this to a user.
[0072] An event triggered by the evaluation unit 110 after having performed the measurement may be to display the
result on a display unit (not shown) of the monitoring system 150. Another result may be the output of a warning signal
(for instance an optical and/or an acoustical warning signal) indicating that the measurement result is not reliable.
Furthermore, the insulin amount to be administered to the body material 102 may be calculated in dependence of the
determined glucose level, and the supply unit 112 may be controlled accordingly.
[0073] A corresponding control signal may be sent from the evaluation unit 110 to the pump 112. The pump 112 may
be fluidically connected to the catheter 108 via a tube or hose 174 (which may for instance have a length between 60
cm and 120 cm). The pump 112 may be carried in a pocket of trousers worn by a user. Alternatively, the pump 112 may
also be integrated in the support body 102 (not shown). It is possible that the pump 112 is a patch pump to be adhered
on the skin 158 of the physiological subject 106.
[0074] Figure 1 furthermore shows an insertion needle 132, made of a metallic material and having a sharp tip 156.
The insertion needle 132 may be inserted into the lumen 114 of the tubular catheter 108 when the latter is to be implanted
or inserted into the physiologic object 106. After insertion, the insertion needle 132 is no longer needed and may be
retracted from the catheter 108. According to Figure 1, an outer diameter d of the needle 132 is slightly smaller than an
outer diameter D of the catheter 100.
[0075] It should be mentioned that the slanted orientation of the catheter 108 with regard to a surface or skin 158 of
the physiological subject 102 is only exemplary, and that other orientations are possible as well.
[0076] Figure 3 shows a sensor arrangement 100 for detecting glucose as a physiological substance in subcutaneous
adipose tissue as a body material not forming part of the invention. The embodiment of Figure 3 differs from the em-
bodiment of Figure 2 in that the enzyme layer 216 and the permeable membrane/fluorescent dye 212 layer are combined
to a single common layer 300.
[0077] Figure 4 shows a sensor arrangement 100 for detecting glucose as a physiological substance in subcutaneous
adipose tissue as a body material not forming part of the invention. The embodiment of Figure 4 differs from the em-
bodiment of Figure 3 in that membrane layer 222 is provided separately from and above the second sensor structure
204 having both the enzyme 208 particles and the fluorescent dye 212.
[0078] Figure 5 shows a sensor arrangement 100 for detecting glucose as a physiological substance in subcutaneous
adipose tissue as a body material according to an exemplary embodiment of the invention. The embodiment of Figure
5 differs from the embodiment of Figure 4 in that the fluorescent dye 212 particles are provided in a separate surface
layer 500 above the membrane layer 222 which is, in turn, located above the enzyme layer 216.
[0079] Figure 6 shows a sensor arrangement 100 for detecting glucose as a physiological substance in subcutaneous
adipose tissue as a body material not forming part of the invention. The embodiment of Figure 6 differs from the em-
bodiment of Figure 5 in that the two uppermost layers are interexchanged.
[0080] Figure 7 shows a sensor arrangement 100 for detecting glucose as a physiological substance in subcutaneous
adipose tissue as a body material not forming part of the invention. The embodiment of Figure 7 differs from the em-
bodiment of Figure 6 in that the two layers between the electrode 206 and the membrane layer 222 are interexchanged.
[0081] Figure 8 shows a monitoring system 150 for monitoring glucose as a physiological substance in a human as
physiological subject 106 according to another exemplary embodiment of the invention.
[0082] The embodiment of Figure 8 differs from the embodiment in Figure 1 substantially in that the monitoring system
150 comprises a hollow insertion needle 132 configured so that the catheter 100 is selectively insertable into the insertion
needle 132 for inserting the catheter 100 into the physiological subject 106 and that the insertion needle 132 is retactable
relative to the catheter 100 after the insertion of the catheter 100 into the physiological subject 106. According to Figure
8, the catheter 100 is received in an interior lumen 800 of the needle 132 during the implanting procedure. After implanting,
the needle 132 can then be removed by retracting it relative to the catheter 100 which remains in the physiological body
102. In other words, an outer diameter L of the needle 132 is here slightly larger than an outer diameter D of the catheter
100.
[0083] It should be noted that the term "comprising" does not exclude other elements or steps and the "a" or "an" does
not exclude a plurality. Also elements described in association with different embodiments may be combined.
[0084] It should also be noted that reference signs in the claims shall not be construed as limiting the scope of the claims.
[0085] Implementation of the invention is not limited to the preferred embodiments shown in the figures and described
above. Instead, a multiplicity of variants are possible which use the solutions shown and the principle according to the
invention even in the case of fundamentally different embodiments.
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Claims

1. A sensor arrangement (100) for detecting information indicative of a physiological substance in a body material
(102) of a physiological subject (106), the sensor arrangement (100) comprising:

a substrate (104);
a first sensor structure (202) connected to the substrate (104) and being configured for sensing the physiological
substance electrochemically;
a second sensor structure (204) connected to the substrate (104) and being configured for sensing the physi-
ological substance by a luminescence detection,
wherein the first sensor structure (202) comprises an electrode (206) and an enzyme (208) comprising structure
(216), the electrode (206) being configured for electrically detecting a product of an enzyme-catalyzed chemical
reaction between the physiological substance and an educt substance,
wherein the second sensor structure (204) comprises a luminescent substance (212) having luminescent prop-
erties which change upon change of an amount of an educt of a chemical reaction between the physiological
substance and the educt,
characterized in that
the electrode (206) is arranged directly on the substrate (104), the luminescent substance (212) is arranged in
a surface portion (210) of the sensor arrangement (100) in direct contact with the body material (102), and the
enzyme (208) comprising structure (216) is arranged between the electrode (206) and the luminescent substance
(212).

2. The sensor arrangement (100) of claim 1,
wherein the substrate (104) comprises at least one of a foil and a tube; and/or
wherein at least one of the first sensor structure (202) and the second sensor structure (204) is configured as at
least one layer formed in and/or on and/or above the substrate (104), wherein particularly the first sensor structure
(202) and the second sensor structure (204) together constitute a layer sequence on the substrate (104).

3. The sensor arrangement (100) of claim 1 or 2,
wherein the surface portion (210) is permeable for the physiological substance; and/or
wherein the enzyme (208) comprising structure (216) is permeable for the product; and/or
wherein the surface portion (210) is impermeable for the enzyme (208).

4. The sensor arrangement (100) of any of claims 1 to 3, wherein the second sensor structure (204) comprises a
permeable membrane in which the luminescent substance (212) is embedded.

5. The sensor arrangement (100) of any of claims 1 to 4,
wherein the second sensor structure (204) is configured for sensing the physiological substance by a phosphores-
cence detection and/or by a fluorescent detection, as the luminescence detection; and/or
wherein at least a part of the first sensor structure (202) and at least a part of the second sensor structure (204) are
integrated into a common physical body so that a sensor event detectable by the first sensor structure (202) and a
sensor event detectable by the second sensor structure (204) both occur within the common physical body; and/or
wherein the first sensor structure (202), the second sensor structure (204) and the substrate (102) are formed as
an integral inseparable structure, particularly as a layered stack; and/or
wherein the second sensor structure (204) is formed directly on the first sensor structure (202) and the first sensor
structure (202) is formed directly on the substrate (204) to thereby space the substrate (104) with regard to the
second sensor structure (204); and/or
wherein both the first sensor structure (202) and the second sensor structure (204) are configured for detecting
glucose as the physiological substance.

6. A monitoring system (150) for monitoring a physiological substance in a body material (102) of a physiological
subject (106), the monitoring system (150) comprising:

a catheter (108) being implantable in the physiological subject (106);
a sensor arrangement (100) of any of claims 1 to 5 integrated with the catheter (108) so that the first sensor
structure (202) and the second sensor structure (204) are brought in interaction with the body material (102)
comprising the physiological substance in the physiological subject (106) when the catheter (108) is implanted
in the physiological subject (106);
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an evaluation unit (110) configured for evaluating a first sensor signal and a second sensor signal of the sensor
arrangement (100) in common, wherein the first sensor signal is detected as an electrochemical response of
the first sensor structure (202) upon interaction of the physiological substance with the first sensor structure
(202), and the second sensor signal is detected as a response of luminescence properties of the second sensor
structure (204) upon interaction with the physiological substance.

7. The monitoring system (150) of claim 6,
wherein the catheter (108) is a catheter tube, wherein the sensor arrangement (100) is arranged circumferentially
at the catheter tube, particularly at a proximal position of the catheter tube; and/or
wherein the monitoring system (150) comprises a supply unit (112) configured for supplying a physiologically active
substance, particularly a medication such as insulin, to the physiological subject (106) in a quantity depending on
a result of the evaluation of the evaluation unit (110), in particular wherein the supply unit (112) is configured for
supplying the physiologically active substance to the physiological subject (106) via a permeable section (114) of
the catheter (108).

8. The monitoring system (150) of claim 6 or 7, comprising:

an electrically conductive signal supply structure (120) configured for transmitting an electric stimulus signal to
the first sensor structure (202); and
an electrically conductive detection structure (122) configured for transmitting an electric detection signal to the
evaluation unit (110), the electric detection signal being generated at the first sensor structure (202) in response
to the electric stimulus signal upon interaction of the sensor arrangement (100) with the physiological substance,
in particular wherein at least one of the electrically conductive signal supply structure (120) and the electrically
conductive detection structure (122) is accommodated at least partially on a wall of the catheter (108) and/or
integrated within a wall of the catheter (108).

9. The monitoring system (150) of any of claims 6 to 8, comprising:

an electromagnetic radiation source (124) configured for transmitting primary electromagnetic radiation (126)
to the second sensor structure (204); and
an electromagnetic radiation detector (128) configured for detecting secondary electromagnetic radiation (113)
generated at the second sensor structure (204) in response to the primary electromagnetic radiation (126) upon
interaction of the sensor arrangement (100) with the physiological substance, and configured for transmitting
a corresponding detection signal to the evaluation unit (110); and
optionally a support body (132) to be located outside of the physiological subject (106) and accommodating the
electromagnetic radiation source (124) and the electromagnetic radiation detector (128).

10. The monitoring system (150) of any of claims 6 to 9,
wherein the monitoring system (150) comprises an insertion needle (132) configured to be selectively insertable
into the catheter (108) for inserting the catheter (108) into the physiological subject (106) or retactable out of the
catheter (108) after the insertion of the catheter (108) into the physiological subject (106) or
wherein the monitoring system (150) comprises a hollow insertion needle (132) configured so that the catheter (108)
is selectively insertable into the insertion needle (132) for inserting the catheter (108) into the physiological subject
(106) and that the insertion needle (132) is retactable relative to the catheter (108) after the insertion of the catheter
(108) into the physiological subject (106).

11. The monitoring system (150) of any of claims 6 to 10,
wherein the substrate (104) of the sensor arrangement (100) is formed as part of the catheter (108).

12. A method of detecting a physiological substance in a body material (102) of a physiological subject (106), the method
comprising:

triggering an interaction between a sensor arrangement (100) as defined in any of claims 1 to 5 and the body
material (102) comprising the physiological substance;
detecting a first sensor signal indicative of the physiological substance based on an electrochemical response
of the first sensor structure (202) upon interaction with the physiological substance;
detecting a second sensor signal indicative of the physiological substance based on luminescence properties
of the second sensor structure (204) upon interaction with the physiological substance;
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evaluating the first sensor signal and the second sensor signal in common.

13. A method of manufacturing a sensor arrangement (100) for detecting information indicative of a physiological sub-
stance in a body material (102) as defined in any of claims 1 to 5, the method comprising:

connecting, particularly integrally connecting, a first sensor structure (202) to a substrate (104) and configuring
the first sensor structure (202) for sensing the physiological substance electrochemically;
connecting, particularly integrally connecting, a second sensor structure (204) with the substrate (104) and
configuring the second sensor structure (204) for sensing the physiological substance by a luminescence de-
tection.

Patentansprüche

1. Eine Sensoranordnung (100) zum Detektieren von Information, die indikativ für eine physiologische Substanz in
einem Körpermaterial (102) eines physiologischen Subjekts (106) ist, wobei die Sensoranordnung (100) Folgendes
umfasst:

ein Substrat (104);
eine erste Sensorstruktur (202), die mit dem Substrat (104) verbunden ist und zum elektrochemischen Erfassen
der physiologischen Substanz konfiguriert ist;
eine zweite Sensorstruktur (204), die mit dem Substrat (104) verbunden ist und zum Erfassen der physiologi-
schen Substanz durch eine Lumineszenzdetektion konfiguriert ist,
wobei die erste Sensorstruktur (202) eine Elektrode (206) und eine ein Enzym (208) umfassende Struktur (216)
aufweist, wobei die Elektrode (206) zum elektrischen Detektieren eines Produkts einer Enzym-katalysierten
chemischen Reaktion zwischen der physiologischen Substanz und einer Eduktsubstanz konfiguriert ist,
wobei die zweite Sensorstruktur (204) eine lumineszierende Substanz (212) aufweist, die lumineszierende
Eigenschaften hat, die sich ändern bei einer Änderung einer Menge eines Edukts einer chemischen Reaktion
zwischen der physiologischen Substanz und dem Edukt,
dadurch gekennzeichnet, dass
die Elektrode (206) direkt auf dem Substrat (104) angeordnet ist, die lumineszierende Substanz (212) in einem
Oberflächenteilbereich (210) der Sensoranordnung (100) in direktem Kontakt mit dem Körpermaterial (102)
angeordnet ist und die ein Enzym (208) umfassende Struktur (216) zwischen der Elektrode (206) und der
lumineszierenden Substanz (212) angeordnet ist.

2. Die Sensoranordnung (100) nach Anspruch 1,
wobei das Substrat (104) mindestens eines von einer Folie oder einem Schlauch umfasst; und/oder
wobei mindestens eine von der ersten Sensorstruktur (202) und der zweiten Sensorstruktur (204) als mindestens
eine Schicht konfiguriert ist, die in und/oder auf und/oder über dem Substrat (104) gebildet ist, wobei insbesondere
die erste Sensorstruktur (202) und die zweite Sensorstruktur (204) zusammen eine Abfolge von Schichten auf dem
Substrat (104) darstellen.

3. Die Sensoranordnung (100) nach Anspruch 1 oder 2,
wobei der Oberflächenteilbereich (210) für die physiologische Substanz durchlässig ist; und/oder
wobei die ein Enzym (208) umfassende Struktur (216) für das Produkt durchlässig ist; und/oder
wobei der Oberflächenteilbereich (210) für das Enzym (208) undurchlässig ist.

4. Die Sensoranordnung (100) nach einem der Ansprüche 1 bis 3, wobei die zweite Sensorstruktur (204) eine permeable
Membran umfasst, in der die lumineszierende Substanz (212) eingebettet ist.

5. Die Sensoranordnung (100) nach einem der Ansprüche 1 bis 4,
wobei die zweite Sensorstruktur (204) zum Erfassen der physiologischen Substanz durch eine Phosphoreszenz-
detektion und/oder durch eine Fluoreszenzdetektion als die Lumineszenzdetektion konfiguriert ist; und/oder
wobei zumindest ein Teil der ersten Sensorstruktur (202) und zumindest ein Teil der zweiten Sensorstruktur (204)
in einem gemeinsamen physischen Körper integriert sind, so dass ein Sensorereignis, dass durch die erste Sen-
sorstruktur (202) detektierbar ist, und ein Sensorereignis, dass durch die zweite Sensorstruktur (204) detektierbar
ist, beide innerhalb des gemeinsamen physischen Körpers auftreten; und/oder
wobei die erste Sensorstruktur (202), die zweite Sensorstruktur (204) und das Substrat (102) als eine integrale
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untrennbare Struktur gebildet sind, insbesondere als ein geschichteter bzw. mehrlagiger Stapel; und/oder
wobei die zweite Sensorstruktur (204) direkt auf der ersten Sensorstruktur (202) gebildet ist und die erste Sensor-
struktur (202) direkt auf dem Substrat (104) gebildet ist, um dadurch das Substrat (104) in Bezug auf die zweite
Sensorstruktur (204) zu beabstanden; und/oder
wobei sowohl die erste Sensorstruktur (202) als auch die zweite Sensorstruktur (204) zum Detektieren von Glukose
als die physiologische Substanz konfiguriert sind.

6. Ein Überwachungssystem (150) zum Überwachen einer physiologischen Substanz in einem Körpermaterial (102)
eines physiologischen Subjekts (106), wobei das Überwachungssystem (150) Folgendes umfasst:

einen Katheter (108), der in dem physiologischen Subjekt (106) implantierbar ist;
eine Sensoranordnung (100) nach einem der Ansprüche 1 bis 5, die in dem Katheter (108) integriert ist, so
dass die erste Sensorstruktur (202) und die zweite Sensorstruktur (204) in Interaktion mit dem Körpermaterial
(102), das die physiologische Substanz in dem physiologischen Subjekt (106) umfasst, gebracht wird, wenn
der Katheter (108) in dem physiologischen Subjekt (106) implantiert ist;
eine Auswerteeinheit (110), die zum gemeinsamen Auswerten eines ersten Sensorsignals und eines zweiten
Sensorsignals der Sensoranordnung (100) konfiguriert ist, wobei das erste Sensorsignal als eine elektroche-
mische Antwort der ersten Sensorstruktur (202) bei der Interaktion der physiologischen Substanz mit der ersten
Sensorstruktur (202) detektiert wird und das zweite Sensorsignal als eine Antwort von lumineszierenden Ei-
genschaften der zweiten Sensorstruktur (204) bei der Interaktion mit der physiologischen Substanz detektiert
wird.

7. Das Überwachungssystem (150) nach Anspruch 6,
wobei der Katheter (108) ein Katheterschlauch ist, wobei die Sensoranordnung (100) an dem Umfang des Kathe-
terschlauchs angeordnet ist, insbesondere an einer proximalen Position des Katheterschlauchs; und/oder
wobei das Überwachungssystem (150) eine Zuführeinheit (112) umfasst, die zum Zuführen einer physiologisch
aktiven Substanz, insbesondere einer Medikation, wie zum Beispiel Insulin, zu dem physiologischen Subjekt (106)
in einer Menge, die von einem Ergebnis der Auswertung der Auswerteeinheit (110) abhängt, konfiguriert ist, insbe-
sondere wobei die Zuführeinheit (112) konfiguriert ist zum Zuführen der physiologisch aktiven Substanz zu dem
physiologischen Subjekt (106) über einen permeablen Abschnitt (114) des Katheters (108).

8. Das Überwachungssystem (150) nach Anspruch 6 oder 7, umfassend:

eine elektrisch leitfähige Signalzuführstruktur (120), die zum Übertragen eines elektrischen Stimulussignals zu
der ersten Sensorstruktur (202) konfiguriert ist; und
eine elektrisch leitfähige Detektionsstruktur (122), die zum Übertragen eines elektrischen Detektionssignals zu
der Auswerteeinheit (110) konfiguriert ist, wobei das elektrische Detektionssignal an der ersten Sensorstruktur
(202) in Antwort auf das elektrische Stimulussignal bei Interaktion der Sensoranordnung (100) mit der physio-
logischen Substanz erzeugt wird,
insbesondere wobei mindestens eine von der elektrisch leitfähigen Signalzuführstruktur (120) und der elektrisch
leitfähigen Detektionsstruktur (122) zumindest teilweise auf einer Wand des Katheters (108) untergebracht ist
und/oder innerhalb einer Wand des Katheters (108) integriert ist.

9. Das Überwachungssystem (150) nach einem der Ansprüche 6 bis 8, umfassend:

eine Quelle (124) für elektromagnetische Strahlung, die zum Übertragen von primärer elektromagnetischer
Strahlung (126) zu der zweiten Sensorstruktur (204) konfiguriert ist; und
einen Detektor (128) für elektromagnetische Strahlung, der zum Detektieren von sekundärer elektromagneti-
scher Strahlung (113) konfiguriert ist, die an der zweiten Sensorstruktur (204) in Antwort auf die primäre elek-
tromagnetische Strahlung (126) bei Interaktion der Sensoranordnung (100) mit der physiologischen Substanz
erzeugt wird, und die zum Übertragen eines entsprechenden Detektionssignals zu der Auswerteeinheit (110)
konfiguriert ist; und
optional einen Haltekörper (132), der außerhalb des physiologischen Subjekts (106) gelegen vorgesehen ist
und die Quelle (124) für elektromagnetische Strahlung und den Detektor (128) für elektromagnetische Strahlung
beherbergt.

10. Das Überwachungssystem (150) nach einem der Ansprüche 6 bis 9,
wobei das Überwachungssystem (150) eine Einführnadel (132) umfasst, die konfiguriert ist, um in den Katheter
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(108) selektiv einführbar zu sein zum Einführen des Katheters (108) in das physiologische Subjekt (106) oder um
aus dem Katheter (108) zurückziehbar zu sein nach dem Einführen des Katheters (108) in das physiologische
Subjekt (106), oder
wobei das Überwachungssystem (150) eine hohle Einführnadel (132) umfasst, die so konfiguriert ist, dass der
Katheter (108) in die Einführnadel (132) selektiv einführbar ist zum Einführen des Katheters (108) in das physiolo-
gische Subjekt (106) und dass die Einführnadel (132) zurückziehbar ist relativ zu dem Katheter (108) nach dem
Einführen des Katheters (108) in das physiologische Subjekt (106).

11. Das Überwachungssystem (150) nach einem der Ansprüche 6 bis 10,
wobei das Substrat (104) der Sensoranordnung (100) als ein Teil des Katheters (108) gebildet ist.

12. Ein Verfahren zum Detektieren einer physiologischen Substanz in einem Körpermaterial (102) eines physiologischen
Subjekts (106), wobei das Verfahren Folgendes umfasst:

Auslösen einer Interaktion zwischen einer Sensoranordnung (100), wie in einem der Ansprüche 1 bis 5 definiert,
und dem Körpermaterial (102), das die physiologische Substanz umfasst;
Detektieren eines ersten Sensorsignals, das indikativ für die physiologische Substanz ist, basierend auf einer
elektrochemischen Antwort der ersten Sensorstruktur (202) bei Interaktion mit der physiologischen Substanz;
Detektieren eines zweiten Sensorsignals, das indikativ für die physiologische Substanz ist, basierend auf lumi-
neszierenden Eigenschaften der zweiten Sensorstruktur (204) bei Interaktion mit der physiologischen Substanz;
gemeinsames Auswerten des ersten Sensorsignals und des zweiten Sensorsignals.

13. Ein Verfahren zur Herstellung einer Sensoranordnung (100) zum Detektieren von Information, die indikativ für eine
physiologische Substanz in einem Körpermaterial (102) ist, wie in einem der Ansprüche 1 bis 5 definiert, wobei das
Verfahren Folgendes umfasst:

Verbinden, insbesondere integrales Verbinden, einer ersten Sensorstruktur (202) mit einem Substrat (104) und
Konfigurieren der ersten Sensorstruktur (202) zum elektrochemischen Erfassen der physiologischen Substanz;
Verbinden, insbesondere integrales Verbinden, einer zweiten Sensorstruktur (204) mit dem Substrat (104) und
Konfigurieren der zweiten Sensorstruktur (204) zum Erfassen der physiologischen Substanz durch eine Lumi-
neszenzdetektion.

Revendications

1. Agencement de capteur (100) pour détecter des informations indiquant une substance physiologique dans un
matériel corporel (102) d’un sujet physiologique (106), l’agencement de capteur (100) comprenant :

un substrat (104) ;
une première structure de capteur (202) connectée au substrat (104) et conçue pour capter la substance
physiologique par voie électrochimique ;
une seconde structure de capteur (204) connectée au substrat (104) et conçue pour capter la substance phy-
siologique par une détection de luminescence,
dans lequel la première structure de capteur (202) comprend une électrode (206) et une structure (216) com-
prenant une enzyme (208), l’électrode (206) étant conçue pour détecter électriquement un produit d’une réaction
chimique catalysée par une enzyme entre la substance physiologique et une substance réactive,
dans lequel la seconde structure de capteur (204) comprend une substance luminescente (212) ayant des
propriétés luminescentes qui changent lors du changement d’une quantité d’un réactif d’une réaction chimique
entre la substance physiologique et le réactif,
caractérisé en ce que
l’électrode (206) est agencée directement sur le substrat (104), la substance luminescente (212) est agencée
sur une portion de surface (210) de l’agencement de capteur (100) en contact direct avec le matériel corporel
(102), et la structure (216) comprenant une enzyme (208) est agencée entre l’électrode (206) et la substance
luminescente (212).

2. Agencement de capteur (100) selon la revendication 1,
dans lequel le substrat (104) comprend au moins un parmi une feuille et un tube ; et/ou
dans lequel au moins une parmi la première structure de capteur (202) et la seconde structure de capteur (204) est
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conçue comme au moins une couche formée dans le et/ou sur le et/ou au-dessus du substrat (104), dans lequel
en particulier la première structure de capteur (202) et la seconde structure de capteur (204) constituent ensemble
une séquence de couches sur le substrat (104).

3. Agencement de capteur (100) selon la revendication 1 ou 2,
dans lequel la portion de surface (210) est perméable à la substance physiologique ; et/ou
dans lequel la structure (216) comprenant une enzyme (208) est perméable au produit ; et/ou
dans lequel la portion de surface (210) est imperméable à l’enzyme (208).

4. Agencement de capteur (100) selon l’une quelconque des revendications 1 à 3, dans lequel la seconde structure
de capteur (204) comprend une membrane perméable dans laquelle la substance luminescente (212) est incrustée.

5. Agencement de capteur (100) selon l’une quelconque des revendications 1 à 4,
dans lequel la seconde structure de capteur (204) est conçue pour capter la substance physiologique par une
détection de phosphorescence et/ou par une détection de fluorescence, en tant que détection de luminescence ; et/ou
dans lequel au moins une partie de la première structure de capteur (202) et au moins une partie de la seconde
structure de capteur (204) sont intégrées dans un corps physique commun de façon qu’un événement de capteur
détectable par la première structure de capteur (202) et qu’un événement de capteur détectable par la seconde
structure de capteur (204) se produisent tous les deux au sein du corps physique commun ; et/ou
dans lequel la première structure de capteur (202), la seconde structure de capteur (204) et le substrat (102) sont
formés comme une structure inséparable d’une seule pièce, en particulier comme un empilement de couches ; et/ou
dans lequel la seconde structure de capteur (204) est formée directement sur la première structure de capteur (202)
et la première structure de capteur (202) est formée directement sur le substrat (204) pour ainsi séparer le substrat
(104) par rapport à la seconde structure de capteur (204) ; et/ou
dans lequel à la fois la première structure de capteur (202) et la seconde structure de capteur (204) sont conçues
pour détecter du glucose en tant que substance physiologique.

6. Système de surveillance (150) pour surveiller une substance physiologique dans un matériel corporel (102) d’un
sujet physiologique (106), le système de surveillance (150) comprenant :

un cathéter (108) implantable dans le sujet physiologique (106) ;
un agencement de capteur (100) selon l’une quelconque des revendications 1 à 5 intégré au cathéter (108) de
façon que la première structure de capteur (202) et la seconde structure de capteur (204) soient mises en
interaction avec le matériel corporel (102) comprenant la substance physiologique dans le sujet physiologique
(106) quand le cathéter (108) est implanté dans le sujet physiologique (106) ;
une unité d’évaluation (110) conçue pour évaluer un premier signal de capteur et un second signal de capteur
de l’agencement de capteur (100) en commun, dans lequel le premier signal de capteur est détecté comme
une réponse électrochimique de la première structure de capteur (202) lors d’une interaction de la substance
physiologique avec la première structure de capteur (202), et le second signal de capteur est détecté comme
une réponse de propriétés de luminescence de la seconde structure de capteur (204) lors d’une interaction
avec la substance physiologique.

7. Système de surveillance (150) selon la revendication 6,
dans lequel le cathéter (108) est un tube de cathéter, dans lequel l’agencement de capteur (100) est agencé de
manière circonférentielle au niveau du tube de cathéter, en particulier au niveau d’une position proximale du tube
de cathéter ; et/ou
dans lequel le système de surveillance (150) comprend une unité de fourniture (112) conçue pour fournir une
substance physiologiquement active, en particulier un médicament tel que l’insuline, au sujet physiologique (106)
en une quantité qui dépend d’un résultat de l’évaluation de l’unité d’évaluation (110), en particulier dans lequel l’unité
de fourniture (112) est conçue pour fournir la substance physiologiquement active au sujet physiologique (106) par
l’intermédiaire d’une section perméable (114) du cathéter (108).

8. Système de surveillance (150) selon la revendication 6 ou 7, comprenant :

une structure de fourniture de signal électroconducteur (120) conçue pour transmettre un signal de stimulus
électrique à la première structure de capteur (202) ; et
une structure de détection électroconductrice (122) conçue pour transmettre un signal de détection électrique
à l’unité d’évaluation (110), le signal de détection électrique étant généré au niveau de la première structure
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de capteur (202) en réponse au signal de stimulus électrique lors d’une interaction de l’agencement de capteur
(100) avec la substance physiologique,
en particulier dans lequel au moins une parmi la structure de fourniture de signal électroconducteur (120) et la
structure de détection électroconductrice (122) est reçue au moins partiellement sur une paroi du cathéter (108)
et/ou intégrée au sein d’une paroi du cathéter (108).

9. Système de surveillance (150) selon l’une quelconque des revendications 6 à 8, comprenant :

une source de rayonnement électromagnétique (124) conçue pour transmettre un rayonnement électromagné-
tique primaire (126) à la seconde structure de capteur (204) ; et
un détecteur de rayonnement électromagnétique (128) conçu pour détecter un rayonnement électromagnétique
secondaire (113) généré au niveau de la seconde structure de capteur (204) en réponse au rayonnement
électromagnétique primaire (126) lors d’une interaction de l’agencement de capteur (100) avec la substance
physiologique, et conçu pour transmettre un signal de détection correspondant à l’unité d’évaluation (110) ; et
facultativement un corps de support (132) à situer hors du sujet physiologique (106) et recevant la source de
rayonnement électromagnétique (124) et le détecteur de rayonnement électromagnétique (128).

10. Système de surveillance (150) selon l’une quelconque des revendications 6 à 9,
dans lequel le système de surveillance (150) comprend une aiguille d’insertion (132) conçue pour être sélectivement
insérable dans le cathéter (108) pour insérer le cathéter (108) dans le sujet physiologique (106) ou rétractable hors
du cathéter (108) après l’insertion du cathéter (108) dans le sujet physiologique (106) ou
dans lequel le système de surveillance (150) comprend une aiguille creuse d’insertion (132) conçue de façon que
le cathéter (108) soit sélectivement insérable dans l’aiguille d’insertion (132) pour insérer le cathéter (108) dans le
sujet physiologique (106) et que l’aiguille d’insertion (132) soit rétractable par rapport au cathéter (108) après
l’insertion du cathéter (108) dans le sujet physiologique (106).

11. Système de surveillance (150) selon l’une quelconque des revendications 6 à 10,
dans lequel le substrat (104) de l’agencement de capteur (100) est formé en tant que partie du cathéter (108).

12. Procédé de détection d’une substance physiologique dans un matériel corporel (102) d’un sujet physiologique (106),
le procédé comprenant :

le déclenchement d’une interaction entre un agencement de capteur (100) tel que défini dans l’une quelconque
des revendications 1 à 5 et le matériel corporel (102) comprenant la substance physiologique ;
la détection d’un premier signal de capteur indiquant la substance physiologique sur la base d’une réponse
électrochimique de la première structure de capteur (202) lors de l’interaction avec la substance physiologique ;
la détection d’un second signal de capteur indiquant la substance physiologique sur la base de propriétés de
luminescence de la seconde structure de capteur (204) lors de l’interaction avec la substance physiologique ;
l’évaluation du premier signal de capteur et du second signal de capteur en commun.

13. Procédé de fabrication d’un agencement de capteur (100) pour détecter des informations indiquant une substance
physiologique dans un matériel corporel (102) tel que défini dans l’une quelconque des revendications 1 à 5, le
procédé comprenant :

la connexion, en particulier la connexion intégrale, d’une première structure de capteur (202) à un substrat
(104) et la configuration de la première structure de capteur (202) pour capter la substance physiologique par
voie électrochimique ;
la connexion, en particulier la connexion intégrale, d’une seconde structure de capteur (204) au substrat (104)
et la configuration de la seconde structure de capteur (204) pour capter la substance physiologique par une
détection de luminescence.
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