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DESCRIPTION

Field of the invention

[0001] The present invention relates to a method for detecting an interferent contribution in a
biosensor as well as to a related method for validating an operation of a biosensor and/or for
calibrating the biosensor. The methods according to the present invention may primarily be
used for a long-term monitoring of an analyte concertation in a body fluid, in particular for long-
term monitoring of a blood glucose level or of the concentration of one or more other types of
analytes in a body fluid. The invention may both be applied in the field of home care as well as
in the filed of professional care, such as in hospitals. However, other applications are feasible.

Related art

[0002] Monitoring certain body functions, more particularly monitoring one or more
concentrations of certain analytes, plays an important role in the prevention and treatment of
various diseases. Without restricting further possible applications, the invention is described in
the following with reference to glucose monitoring in an interstitial fluid. However, the invention
can also be applied to other types of analytes. Blood glucose monitoring may, specifically, be
performed by using electrochemical biosensors besides optical measurements. Examples of
electrochemical biosensors for measuring glucose, specifically in blood or other body fluids,
are known from US 5,413,690 A, US 5,762,770 A, US 5,798,031 A, US 6,129,823 A or US
2005/0013731 A1.

[0003] In addition to "spot measurements" in which a sample of a body fluid is taken from a
user, i.e. a human or an animal, in a targeted fashion and examined with respect to the analyte
concentration, continuous measurements have become increasingly established. Thus, in the
recent past, continuous measuring of glucose in the interstitial tissue, also referred to as
"continuous glucose monitoring" or abbreviated to "CGM", has been established as another
important method for managing, monitoring, and controlling a diabetes state. Herein, an active
sensor region is applied directly to a measurement site which is, generally, arranged in an
interstitial tissue, and may, for example, convert glucose into an electrically charged entity by
using an enzyme, in particular glucose oxidase, generally abbreviated to "GOD". As a result,
the detectable charge may be related to the glucose concentration and can, thus, be used as a
measurement variable. Examples of such transcutaneous measurement systems are
described in US 6,360,888 B1 or US 2008/ 0242962 A1.

[0004] Typically, current continuous monitoring systems are transcutaneous systems or
subcutaneous systems. Accordingly, the actual biosensor or at least a measuring portion of the
biosensor may be arranged under the skin of the user. However, an evaluation and control part
of the system, which may also be referred to as a "patch", may, generally, be located outside of
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the body of a user. Herein, the biosensor is generally applied by using an insertion instrument,
which is, in an exemplary fashion, described in US 6,360,888 B1. However, other types of
insertion instruments are also known. Further, a control part may, typically, be required which
may be located outside the body tissue and which has to be in communication with the
biosensor. Generally, communication is established by providing at least one electrical contact
between the biosensor and the control part, wherein the contact may be a permanent electrical
contact or a releasable electrical contact. Other techniques for providing electrical contacts,
such as by appropriate spring contacts, are generally known and may also be applied.

[0005] In continuous glucose measuring systems, the concentration of the analyte glucose
may be determined by employing an electrochemical sensor comprising an electrochemical
cell having at least a working electrode and a counter electrode. Herein, the working electrode
may have a reagent layer comprising an enzyme with a redox active enzyme co-factor adapted
to support an oxidation of the analyte in the body fluid. However, the body fluid may, further,
comprise additional redox active substances which may be oxidized in a similar manner and
may, thus, generate further electrons which may be detectable as an additional current, also
be denoted by the terms "background current" or "zero current". In general, the additional
redox active substances which may be present in the body fluid and are, thus, capable of
influencing this kind of measurement are usually denominated as "interferents". On one hand,
a first kind of interferents may behave in the same manner as the redox mediator and can,
thus, directly be oxidized at the working electrode, thereby providing the additional current. On
the other hand, a second kind of interferents may react with an intermediate product, such as
hydrogen peroxide (H2O2) which is present in the case of a glucose reaction, whereby the

concentration of the intermediate product in the body fluid may decrease, which may resultin a
diminished sensitivity of the amperometric measurement device.

[0006] As a result of the presence of one or more interferents within the body fluid, measuring
errors of unknown magnitude may occur due to the additional current in a glucose sensor. By
way of example, in some kinds of biosensors, large measuring errors may particularly occur at
a beginning of a measuring sequence. Similar consequences may occur during the entire
operation of factory-calibrated biosensors, wherein fixed values are, generally, provided for the
background current. Thus, an alteration of the background current may easily result in a
measuring error.

[0007] Hitherto, a number of technical solutions have been provided which might be able to
reduce the effect of the interferents comprised in the body fluid onto the biosensor.

[0008] Firstly, it has been proposed to employ an interferent membrane, i.e. a membrane
which is selective to the analyte and, concurrently, provides a barrier effect to the interferent.
Thus, the interferent membrane may be capable of distinguishing between the analyte and the
interferent in @ manner that, preferably, only the analyte may reach the biosensor or at least
the analyte detecting unit therein. Since most known interferent membranes comprise anionic
groups intended to achieve an electrostatic repulsion of anionic interferents, it is, generally, not
possible to completely inhibit the effect of all interferents.
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[0009] Secondly, it may be feasible to provide a redox mediator which may comprise a low
working potential. Accordingly, the value of the electrical potential at which the redox mediator
can be oxidized may be lower than the value of the electrical potential at which an oxidation
process of known interferents in body fluids may occur. However, this kind of modification
typically requires an adapted concept for the operation of the biosensor and is, thus, in general
not applicable to the existing biosensors. Further, only a small number of redox mediators are
available which, on one hand, comprise long-term stable, non-toxic, and insoluble properties
and, on the other hand, exhibit the desired low working potential.

[0010] Alternatively, a number of technical solutions have been provided which may allow
determining the effect of the interferents comprised in the body fluid onto the biosensor.

[0011] Firstly, ideas have been proposed which are related to a method of observing a
dependency of the current in the biosensor on the applied electrical potential in order to be
able to deduct the presence and, preferably, the amount of the interferent. However, known
methods tend to provide ambiguous results and are, generally, not applicable in case more
than one kind of interferent may be present.

[0012] Secondly, it may be promising to provide an interferent electrode, in particular, an
additional working electrode being free of the enzyme. As a result, only the interferents, i.e. the
other redox active substances within the body fluid, may, thus, be able to react with the
additional working electrode. For this purpose, the additional working electrode may,
preferably, comprise the same set-up and may be operated at the same working potential as
the first working electrode. However, this proposal requires the production and operation of the
additional working electrode together with supplementary circuit components, such as a
bipotentiostat and one or more relay circuits.

[0013] US 7,896,809 B2 discloses systems and methods for a continuous analyte sensor, such
as a continuous glucose sensor. One such system utilizes first and second working electrodes
to measure analyte or non-analyte related signal, both of which electrode include an
interference domain.

[0014] US 7,653,492 B2 discloses a method of reducing the effect of interfering compounds in
a bodily fluid when measuring an analyte using an electrochemical sensor. In particular, the
present method is applicable to electrochemical sensors where the sensor includes a
substrate, first and second working electrodes, and a reference electrode and either the first
and second or only the second working electrode include regions which are bare of enzyme. In
this invention, an algorithm is described with mathematically corrects for the interference effect
using the test strip embodiments of the present invention.

[0015] US 6,121,009 A discloses a small diameter flexible electrode designed for
subcutaneous in vivo amperometric monitoring of glucose. The electrode is designed to allow
"one-point" in vivo calibration, i.e., to have zero output current at zero glucose concentration,
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even in the presence of other electroreactive species of serum or blood. The electrode is
preferably three or four-layered, with the layers serially deposited within a recess upon the tip
of a polyamide insulated gold wire. A first glucose concentration-to-current transducing layer is
overcoated with an electrically insulating and glucose flux limiting layer (second layer) on
which, optionally, an immobilized interference-eliminating horseradish peroxidase based film is
deposited (third layer). An outer (fourth) layer is biocompatible.

[0016] US 2014/0158552 A1 discloses a method of measuring a component in blood, by which
the amounts of blood cells and an interfering substance can be measured with high accuracy
and high reliability and the amount of the component can be corrected accurately based on the
amounts of the blood cells and the interfering substance. In a sensor for measuring a blood
component, a first working electrode measures a current that flows during a redox reaction of a
blood component, a second working electrode measures the amount of blood cells, and a third
working electrode measures the amount of an interfering substance. Next, based on the
measurement results, the amount of the blood component to be measured is corrected. Thus,
more accurate and precise measurement of the amount of the blood component can be
realized.

Problem to be solved

[0017] It is therefore an objective of the present invention to provide a method for detecting an
interferent contribution in a biosensor as well as a related method for validating an operation of
a biosensor and/or for calibrating the biosensor, which at least partially avoid the shortcomings
of known devices and methods of this kind and which at least partially address the above-
mentioned challenges.

[0018] In particular, it is desired that the methods are capable of providing information about a
presence of interferents within the body fluid and, preferably, about a magnitude of their
influence on the measuring current in a simple and efficient way. In particular, a determination
of a background current in the biosensor may be achieved simply and efficiently.

[0019] Further, it is desired that the methods according to the present invention may be
implementable within sensor electronics architectures of standard biosensors and may,
particularly, be applicable in existing biosensor systems.

Summary of the invention

[0020] This problem is solved by a method for detecting an interferent contribution in a
biosensor and a method for validating an operation of a biosensor and/or for calibrating the
biosensor, having the features of the independent claims. Preferred embodiments of the
invention, which may be realized in an isolated way or in any arbitrary combination, are
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disclosed in the dependent claims.

[0021] As used in the following, the terms "have", "comprise" or "include" or any arbitrary
grammatical variations thereof are used in a non-exclusive way. Thus, these terms may both
refer to a situation in which, besides the feature introduced by these terms, no further features
are present in the entity described in this context and to a situation in which one or more
further features are present. As an example, the expressions "A has B", "A comprises B" and
"Aincludes B" may both refer to a situation in which, besides B, no other element is present in
A (i.e. a situation in which A solely and exclusively consists of B) and to a situation in which,
besides B, one or more further elements are present in entity A, such as element C, elements
C and D or even further elements.

[0022] Further, it shall be noted that the terms "at least one", "one or more" or similar
expressions indicating that a feature or element may be present once or more than once
typically will be used only once when introducing the respective feature or element. In the
following, in most cases, when referring to the respective feature or element, the expressions
"at least one" or "one or more" will not be repeated, non-withstanding the fact that the
respective feature or element may be present once or more than once.

[0023] Further, as used in the following, the terms "preferably", "more preferably",
"particularly”, "more particularly", "specifically”, "more specifically" or similar terms are used in
conjunction with optional features, without restricting alternative possibilities. Thus, features
introduced by these terms are optional features and are not intended to restrict the scope of
the claims in any way. The invention may, as the skilled person will recognize, be performed by
using alternative features. Similarly, features introduced by "in an embodiment of the invention"
or similar expressions are intended to be optional features, without any restriction regarding
alternative embodiments of the invention, without any restrictions regarding the scope of the
invention and without any restriction regarding the possibility of combining the features

introduced in such way with other optional or non-optional features of the invention.

[0024] In a first aspect of the present invention, a method for detecting an interferent
contribution in a biosensor is disclosed. Herein, the biosensor has a first electrode, a second
electrode, and a third electrode, wherein the first electrode and the second electrode are
covered by a membrane, wherein the first electrode further includes an enzyme or wherein the
first electrode is covered by an enzyme layer, and wherein the third electrode may also be
covered by a membrane, which may, however, not necessarily be the case. In other terms, the
first electrode, the second electrode, and the third electrode as used herein, may also be
denominated as follows:

» the first electrode as a working electrode;
» the second electrode as a reference electrode; and
» the third electrode as an auxiliary electrode or as a counter electrode.

However other kinds of denominations may also be feasible.
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[0025] Further according to the present invention, the first electrode, the second electrode,
and the third electrode are connected via a potentiostat, wherein, in a normal operational
mode, an electrical potential difference is applied via the potentiostat between the first
electrode and the second electrode in a manner that the first electrode allows for oxidative
processes and the third electrode allows for reductive processes. Herein, the method
comprises the following method steps as listed as follows:

1. a) switching from the normal operational mode to an interferent detection mode,
wherein, in the interferent detection mode, the electrical potential difference is altered for
a limited period of time in a manner that the third electrode allows for oxidative
processes;

2. b) measuring a current-voltage characteristic of the third electrode; and

3. ¢) determining the interferent contribution in the biosensor by evaluating the current-
voltage characteristic of the third electrode.

[0026] Herein, the indicated steps may, preferably, be performed in the given order, thereby
starting with step a). However, any or all of the indicated steps, in particular steps b) and c),
may also be preformed at least partially concurrently, such as over a definite period of time.
Additionally, the indicated steps as a whole may also be repeated several times in order to
achieve a subsequent detection of the interferent contribution in the biosensor, such as after a
prespecified time or as a consequence of an occurrence of a prespecified event. Further,
additional method steps, whether described herein or not, may be performed, too.

[0027] As generally used, the term "biosensor" may refer to an arbitrary device being
configured for conducting at least one medical analysis. For this purpose, the biosensor may
be an arbitrary device configured for performing at least one diagnostic purpose and,
specifically, comprising at least one analyte sensor for performing the at least one medical
analysis. The biosensor may, specifically, comprise an assembly of two or more components
capable of interacting with each other, such as in order to perform one or more diagnostic
purposes, such as in order to perform the medical analysis. Specifically, the two or more
components may be capable of performing at least one detection of the at least one analyte in
the body fluid and/or in order to contribute to the at least one detection of the at least one
analyte in the body fluid. Generally, the biosensor may also be part of at least one of a sensor
assembly, a sensor system, a sensor kit or a sensor device. Further, the biosensor may be
connectable to an evaluation device, such as to an electronics unit.

[0028] In a particularly preferred embodiment of the present invention, the biosensor may be a
fully or a partially implantable biosensor which may, particularly, be adapted for performing the
detection of the analyte in the body fluid in a subcutaneous tissue, in particular, in an interstitial
fluid. As used herein, the terms "implantable biosensor" or "transcutaneous biosensor" may
refer to an arbitrary biosensor being adapted to be fully or at least partly arranged within the
body tissue of the patient or the user. For this purpose, the biosensor may comprise an
insertable portion. Herein, the term "insertable portion" may generally refer to a part or
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component of an element configured to be insertable into an arbitrary body tissue. Preferably,
the biosensor may fully or partially comprise a biocompatible surface, i.e. a surface which may
have as little detrimental effects on the user, the patient, or the body tissue as possible, at least
during typical durations of use. For this purpose, the insertable portion of the biosensor may
have a biocompatible surface. As an example, the biosensor, specifically the insertable portion
thereof, may fully or partially be covered with at least one biocompatible membrane, such as at
least one polymer membrane or gel membrane which, on one hand, may be permeable for the
body fluid or at least for the analyte as comprised therein and which, on the other hand, retains
sensor substances, such as one or more test chemicals within the sensor, thus preventing a
migration thereof into the body tissue. Other parts or components of the biosensor may remain
outside of the body tissue.

[0029] As generally used within the present invention, the terms "patient" and "user" may refer
to a human being or an animal, independent from the fact that the human being or animal,
respectively, may be in a healthy condition or may suffer from one or more diseases. As an
example, the patient or the user may be a human being or an animal suffering from diabetes.
However, additionally or alternatively, the invention may be applied to other types of users or
patients or diseases.

[0030] As further used herein, the term "body fluid" may, generally, refer to a fluid, in particular
a liquid, which may typically be present in a body or a body tissue of the user or the patient
and/or which may be produced by the body of the user or the patient. Preferably, the body fluid
may be selected from the group consisting of blood and interstitial fluid. However, additionally
or alternatively, one or more other types of body fluids may be used, such as saliva, tear fluid,
urine or other body fluids. During the detection of the at least one analyte, the body fluid may
be present within the body or body tissue. Thus, the biosensor may, specifically, be configured
for detecting the at least one analyte within the body tissue.

[0031] As further used herein, the term "analyte" may refer to an arbitrary element,
component, or compound being present in the body fluid, wherein the presence and/or the
concentration of the analyte may be of interest to the user, the patient, or to a medical staff,
such as to a medical doctor. Particularly, the analyte may be or may comprise at least one
arbitrary chemical substance or chemical compound which may participate in the metabolism
of the user or the patient, such as at least one metabolite. As an example, the at least one
analyte may be selected from the group consisting of glucose, cholesterol, triglycerides,
lactate. Additionally or alternatively, however, other types of analytes may be used and/or any
combination of analytes may be determined. The detection of the at least one analyte
specifically may, in particular, be an analyte-specific detection. Without restricting further
possible applications, the present invention is described in the following with particular
reference to a monitoring of glucose in an interstitial fluid.

[0032] Besides the analyte, the body fluid may comprise additional substances which may be
present in the body fluid and may, thus, be capable of influencing the detection of the analyte
in the body fluid. This kind of additional substances within the body fluid are usually
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denominated as "interfering substances" or "interferents”. In this regard, a distinction between
"endogenous interferents" and "exogenous interferents" may be made. Whereas the
endogenous interferents refer to additional substances which are generally considered as
being naturally produced within the body, the exogenous interferents relate to additional
substances which are, generally, only present within the body after having been supplied to the
body fluid from the exterior of the body. In particular, the endogenous interferents may,
particularly, include uric acid or cysteine, while the exogenous interferents may particularly
include pharmaceuticals and drugs, such as ascorbic acid, acetylsalicylic acid, paracetamol, or
acetaminophen. Moreover, one or more of the following substances may, depending on the
circumstances be considered as one of the interferents, substances such as compounds with
an electroactive acidic, amine or sulfhydryl groups, urea, peroxides, amino acids, amino acid
precursors or break-down products, nitric oxide (NO), NO-donors, NO-precursors, bilirubin,
creatinine, dopamine, ephedrine, ibuprofen, L-dopa, methyl dopa, salicylate, tetracycline,
tolazamide, tolbutamide, electroactive species produced during cell metabolism and/or wound
healing, and electroactive species that may arise during body pH changes. However, further
kind of substances not mentioned here may also work as one of the interferents.

[0033] As further used herein, the term "measuring" refers to a process of generating at least
one signal, in particular at least one measurement signal, which characterizes an outcome of
the measurement. Specifically, the at least one signal may be or may comprise at least one
electronic signal, such as at least one voltage signal and/or at least one current signal. The at
least one signal may be or may comprise at least one analogue signal and/or may be or may
comprise at least one digital signal. Especially in electrical systems, it may be required to apply
a prespecified signal to a specific device in order to be able to record the desired
measurement signal. By way of example, measuring a current signal may require the
application of a voltage signal to the device, or vice-versa.

[0034] As further used herein, the term "determining" relates to a process of generating at
least one representative result, such as a plurality of representative results, which may, in
particular, be acquired by evaluating the at least one measurement signal, wherein the term
"evaluating" may refer to an application of methods for displaying the at least one
measurement signal and deriving the at least one representative result therefrom. In particular,
a current-voltage characteristic of an electrode may be acquired, firstly, by applying a voltage
between the electrode to be characterized and a reference electrode, such as provided by the
potentiostat, and by, subsequently or concurrently, measuring the current signal as generated
hereby and, secondly, by displaying the recorded values of the current signal versus the
corresponding value of the applied voltage.

[0035] As further used herein, the term "detecting" refers to a process of establishing a
presence and/or a quantity and/or a concentration of at least one substance in the body fluid,
such as the analyte or the interferent. Thus, the detection may be or may comprise a
qualitative detection, by which the presence of the at least one substance or the absence of
the at least one substance may be derived, and/or may be or may comprise a quantitative
detection, by which the quantity and/or the concentration of the at least one substance may be
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obtained.

[0036] As further used herein, the term "monitoring" refers to a process of continuously
acquiring data and deriving desired information therefrom without user interaction. For this
purpose, a plurality of measurement signals are generated and evaluated, wherefrom the
desired information is determined. Herein, the plurality of measurement signals may be
recorded within fixed or variable time intervals or, alternatively or in addition, at an occurrence
of at least one prespecified event. In particular, the biosensor according to the present
invention may, especially, be adapted for the continuous monitoring of one or more analytes, in
particular of glucose, such as for managing, monitoring, and controlling a diabetes state.

[0037] The biosensor according to the present invention is an electrochemical sensor. As used
herein, the term "electrochemical sensor" refers to a sensor being adapted for performing at
least one electrochemical measurement, in particular a plurality or series of electrochemical
measurements, in order to detect the at least one substance as comprised within the body
fluid. Especially, the term "electrochemical measurement" refers to a detection of an
electrochemically detectable property of the substance, such as an electrochemical detection
reaction. Thus, for example, the electrochemical detection reaction may be detected by
applying and comparing one or more electrode potentials. Specifically, the electrochemical
sensor may be adapted to generate at least one electrical sensor signal which may directly or
indirectly indicate a presence and/or an extent of the electrochemical detection reaction, such
as at least one current signal and/or at least one voltage signal. The measurement may be a
qualitative and/or a quantitative measurement. Still, other embodiments are feasible.

[0038] For this purpose, the electrochemical sensor as used herein is arranged in a fashion of
an electrochemical cell and, thus, employs at least one pair of electrodes. As generally used,
the term "electrode" refers to an entity of the test element which is adapted to contact the body
fluid, either directly or via at least one semipermeable membrane or layer. With regard to the
present invention, the electrode is covered by a membrane. Each electrode may be embodied
in a fashion that an electrochemical reaction may occur at at least one surface of the electrode.
In particular, the electrodes may be embodied in a manner that oxidative processes and/or
reductive processes may take place at selected surfaces of the electrodes. Generally, the term
"oxidative process" refers to a first chemical or biochemical reaction during which an electron is
released from a first substance, such an atom, an ion, or a molecule, which is oxidized thereby.
A further chemical or biochemical reaction by which a further substance may accept the
released electron is, generally, denominated by the term "reductive process". Together, the first
reaction and the further reaction may also be denominated as a "redox reaction". As a result,
an electrical current, which generally relates to moving electrical charges, may be generated
hereby. Further, the detailed course of the redox reaction may be influenced by an application
of an electrical potential.

[0039] According to the present invention, the first electrode further includes an enzyme or,
alternatively, is covered by an enzyme layer, wherein the enzyme or the enzyme layer acts
here as a test chemistry, while the second electrode and the third electrode are maintained
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free from the test chemistry. Generally, the term "test chemistry” refers to an arbitrary material
or a composition of materials being adapted to change at least one detectable property in the
presence of the at least one analyte, wherein the detectable property is selected here from the
above-mentioned electrochemically detectable property. Specifically, the at least one test
chemistry may be a highly selective test chemistry, which only changes the property if the
analyte is present in the sample of the body fluid applied to the test element, whereas no
change occurs if the analyte may not be present. More preferably, the degree or change of the
at least one property may be dependent on the concentration of the analyte in the body fluid, in
order to allow for a quantitative detection of the analyte.

[0040] As used herein, the test chemistry may comprise one or more enzymes, such as
glucose oxidase (GOD) and/or glucose dehydrogenase (GDH), preferably an enzyme which,
by itself and/or in combination with other components of the detector substance, is adapted to
perform an oxidative process or a reductive process with the at least one analyte to be
detected. Additionally or alternatively, the test chemistry may comprise one or more auxiliary
components, such as one or more co-enzymes and/or may comprise one or more redox
mediators as mentioned above. Additionally, the test chemistry may comprise one or more
dyes, which, preferably in interaction with the one or more enzymes, may change their color in
the presence of the at least one analyte to be detected.

[0041] As already mentioned above, the course of the redox reaction which may occur in the
biosensor may be influenced by application of an electrical potential. Thus, the detailed course
of the redox reaction may be detected here by comparing one or more electrode potentials, in
particular an electrical potential difference between the first electrode and the second
electrode. For this purpose, the first electrode, the second electrode, and the third electrode of
the biosensor are connected via a potentiostat. As used herein, the term "potentiostat" refers
to an electronic device which is adapted for adjusting and/or measuring the electrical potential
difference between the first electrode and the second electrode in the electrochemical cell. For
this purpose, the potentiostat is implemented in order to be capable of injecting a current into
the electrochemical cell through the third electrode, which is, for this reason, also denoted as
the auxiliary electrode or the counter electrode. This setup of the potentiostat allows both
adjusting the electrical potential difference between the first electrode and the second
electrode within the electrochemical cell and, alternatively or in addition, measuring the current
flow between the first electrode and the third electrode. Among further advantages, the
potentiostat, thus, allows measuring the voltage in a practically currentless manner, which may
be described as a considerably high input impedance of the device which may attain a value in
the GQ range. Additionally, the potentiostat may equally be employed for measuring the
current, whereby no potential drop may occur due to an active current regulation as performed
by the device.

[0042] As a result, the potentiostat is employed here for measuring the current-voltage
characteristic of the third electrode according to step b), which may preferably acquired by,
firstly, applying a voltage between the first electrode and the second electrode and by,
preferably simultaneously, measuring the current as generated thereby between the first
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electrode and the third electrode and, secondly, by displaying the recorded values of the
current signal versus the corresponding value of the applied voltage.

[0043] Alternatively or in addition, the current-voltage characteristic of the third electrode may
be measured by applying a galvanostatic method. For this purpose, a galvanostat may be
used, wherein, as generally, the term "galvanostat” refers to a control and measuring device
which is capable of maintaining the current through the electrochemical cell constant,
particularly, in consequence of a very high internal resistance. Thus, by applying a prespecified
current as provided by the galvanostat between the first electrode and the third electrode and
by, preferably simultaneously, measuring the electrical potential difference between the first
electrode and the second electrode, the current-voltage characteristic of the third electrode
may equally be acquired.

[0044] Further during the performance of the method according to the present invention, the
electrical potential difference which is applied to the electrochemical cell is subject to an
alteration in a predefined manner. As a result, it may be distinguished between two operational
modes, which are denominated here as "normal operational mode" and "interferent detection
mode". Accordingly, in the normal operational mode, the electrical potential difference is
applied between the first electrode and the second electrode. Herein, the electrical potential
difference between the first electrode and the second electrode within the electrochemical cell
is adjusted in a fashion that oxidative processes take place at a surface of the first electrode
while reductive processes take place at a surface of the third electrode. Herein, the term
"normal operational mode" is employed since this kind of operational mode is related to a
primary task of the biosensor, which is detecting the presence and/or the quantity and/or the
concentration of the at least one analyte in the body fluid.

[0045] However, in contrast hereto, the interferent detection mode is used within the biosensor
in order to detect the interferent contribution. Accordingly, the method according to the present
invention comprises a process of switching from the normal operational mode to the interferent
detection mode pursuant to step a). As used herein, the term "switching" refers to a process of
moving from a first kind of action to a further kind of action, thereby providing the opportunity to
return to the first kind of action. As will be explained later in more detail, the moving from one
kind of action to another kind of action may be performed instantaneously, in particular after a
limited period of time, or continuously, in particular during a limited period of time. As generally
used, the term "limited period of time" may refer to a temporal duration which may last
between a starting point and an end point. Herein, the starting point may refer to a point of
time at which the further kind of action commences while the end point may relate to another
point of time at which the further kind of action terminates. By way of example, the biosensor
may be operated in the normal operational mode in order to detect the analyte within the body
fluid. Prompted by a fixed time interval or by a variable time interval or, alternatively or in
addition, by an occurrence of at least one prespecified event, the biosensor may then be
operated in the interferent detection mode for detecting the interferent contribution. However,
after the limited period of time, the biosensor returns into the normal operational mode in order
to resume its primary task, which is the detection of the analyte within the body fluid.
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[0046] For the purpose of detecting the interferent contribution, the electrical potential
difference between the first electrode and the second electrode is altered during step a) for a
limited period of time. As generally used, the term "altering" refers to modifying a property from
a first value to at least one further value, such as a fixed further value or a range of further
values. According to the present invention, in the interferent detection mode, the electrical
potential difference between the first electrode and the second electrode is modified in a
fashion that oxidative processes now take place at the surface of the third electrode. In
addition, reductive processes may now take place at the surface of the first electrode, wherein,
however, the location exact of the reductive processes may depend on the details of the
electrode arrangement, the corresponding capacity of respective the respective electrodes,
and the way of altering the electrical potential difference between the first electrode and the
second electrode. Irrespective the particular embodiment, the oxidative processes and the
reductive processes may proceed in a manner that, in any case, an electrical circuit within the
electrode arrangement can be closed, in particular, by observing a negative current through
the first electrode. As described below in more detail, an application of at least one potential
step may, thus, result in a negative charging current. Consequently, a negative potential step
may result in an occurrence of charging currents at the first electrode while reductive
processes may already take place at the third electrode. Thus, the electrical potential between
the first electrode and the second electrode may now exhibit a reversed polarity with respect to
the normal operational mode, wherein, however, the electrical potential may actively set back
to the previous polarity or, alternatively or in addition, may be subject to a relaxation process in
order to resume the previous polarity within the limited period of time or shortly thereafter.

[0047] As a result of this kind of arrangement, the biosensor may, in the interferent detection
mode, not be capable of measuring any variables related to the analyte but may rather be
adapted to measure variables which are related to the presence and/or the quantity and/or the
concentration of the interferent in the body fluid. However, as already mentioned above, the
biosensor returns after the limited period of time into the normal operational mode, such as by
a reset and/or by a relaxation process, wherein the electrical potential between the first
electrode and the second electrode may resume its normal polarity such that the biosensor
may again be capable of measuring the variables which are related to the analyte.

[0048] In general, the switching from the normal operational mode to the interferent detection
mode according to step a) may be implemented by a time-varying alteration of the electrical
potential difference between the first electrode and the second electrode.

[0049] In a particularly preferred embodiment, the switching from the normal operational mode
to the interferent detection mode may be implemented by an application of at least one
potential step to the electrical potential difference between the first electrode and the second
electrode. For this purpose, the potentiostat may preferably be used. However, other
measures may also be feasible. As used herein, the term "potential step" may refer to an
instantaneous impingement of the first electrode by an additional electrical potential which may
be provided in form of an electric pulse. Thereby, a height of the potential step may be
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selected in order to define a current range which may be passed through by the application of
this procedure. Herein, the additional electrical potential may exhibit a sign and a magnitude
which may accomplish that, after the application of the potential step, the polarity of the first
electrode may, at least prior to the active set-back to the previous polarity and/or prior to a
completion of the relaxation process, exhibit a reversed sign with respect to the second
electrode.

[0050] As already indicated above, a negative potential step may result in a negative charging
current at the first electrode which may, after termination of the charging process, return into a
positive current in accordance with the usual process of the biosensor. As a consequence, the
observable current at the first electrode may sweep through the negative current range until it
may, depending on the concentration of the analyte, return to the positive current range.
Similarly, the observable current at the third electrode may sweep through the positive current
range until it may, depending on the concentration of the analyte, return to the negative current
range. Thus, the current at the counter electrode is generated depending on a presence and a
concentration of oxidizable substance which may be provided by the analyte and/or the
interferent. In this manner, the current-voltage characteristic of the third electrode may,
preferably, be accomplished. In addition, a zero-current transition, which will be described later
in more detail, may, thus, be obtained.

[0051] As a result of this treatment, the biosensor may now be capable of detecting the
variables related to the interferent in the body fluid, in particular, measuring the current-voltage
characteristic of the third electrode according to step b). Following the application of the
potential step, the first electrode which has been unbalanced hereby, may, thus, return to the
normal operational mode within the limited period of time, in particular through the above-
mentioned relaxation process. A time constant RC which can be attributed to this particular
effect, may depend on features of the first electrode, such as a thickness of the membrane.
During the limited period of time, the current between the first electrode and the third electrode
and the voltage of the third electrode may be measured, wherein the limited period of time may
comprise a measuring period, such as a time interval which may last from 0.5 seconds to 20
seconds, preferably from 1 second to 10 seconds, which may, however, depend on the
capacity of the electrodes involved.

[0052] In an alternative embodiment, the switching from the normal operational mode to the
interferent detection mode may be implemented by a step-wise or a continuous alteration of
the electrical potential difference during the limited period of time. Also, the potentiostat may
preferably be used for this purpose. However, other measures may also be feasible. As used
herein, the term "step-wise alteration" may, particularly, refer to a varying of the electrical
potential by setting a number of increasing predefined amplitudes each of which may be
constant over a limited duration, such as constant limited durations, wherein the term
"continuous alteration" may, especially, refer to a continuously varying electrical potential
whose amplitude may vary within a prespecified potential range. Preferably, the electrical
potential difference may, thus, perform a potential scan, wherein the scan may commence at
the starting point with the value of the electrical potential difference in the normal operating
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mode and, after the limited period of time, may finish at the end point with an altered value. By
way of example, the electrical potential difference may be changed along an ascent with a
continuous modification between the starting point and the end point. However, other kinds of
temporal progression of the time-varying alternation of the electrical potential difference may
also be possible. During the variation of the electrical potential in the course of the potential
scan, both the current between the first electrode and the third electrode and the voltage of the
third electrode may be measured during the limited period of time, wherein the limited period of
time may comprise a time interval which may last from 1 minute to 30 minutes, preferably from
5 minutes to 15 minutes.

[0053] As a result, the potential scan may require a considerable amount of time, in particular,
when compared to the preferred time intervals which may be applied for the measuring period
which follows the application of the potential step as described above. This kind of
performance can be explained by a typical approach that the potential scan may, preferably, be
performed in a fashion that each time a steady-state of the biosensor may be accomplished
before an actual measurement value may be recorded. Further, during the application of the
potential scan it may be advantageous to ensure that a balance with regard to the redox
reaction may be maintained as far as possible.

[0054] Further, by evaluating the current-voltage characteristic of the third electrode according
to step c) the interferent contribution in the biosensor is determined. As used herein, the term
"contribution" refers to a measurable effect being generated by the presence of the interferent
within the body fluid, wherein the measurable effect may, preferably, be detectable in the
current-voltage characteristic of the third electrode. In particular, the interferents which are or
which comprise additional redox active substances that may be oxidized in a manner similar to
the redox active substances related to the analyte may, thus, generate further electrons which
may be detectable as an additional current. Since the additional current may even be obtained
in an absence of the analyte, the additional current may also be denominated as "background
current" or "zero current'. As already mentioned above, a first kind of interferents may
comprise additional redox active substances which may behave in the same manner as the
redox mediator and can, thus, directly be oxidized at the first electrode, thereby providing the
additional current portion. Alternatively or in addition, a further kind of interferents may react
with an intermediate product as generated during the glucose reaction, such as hydrogen
peroxide (H2O»), in a manner that the concentration of the intermediate product in the body

fluid may decrease. As a result, the sensitivity of the potentiostat may decrease.

[0055] In a further preferred embodiment, the current-voltage characteristic of the third
electrode may be evaluated during step c) in a particular manner as described below in order
to detect a kind and/or a quantity of the interferent contribution in the biosensor.

[0056] Firstly, a position of the zero-current transition which may occur in the current-voltage
characteristic of the third electrode may, preferably, be determined for this purpose. As used
herein, the term "zero-current transition" refers to at least one observable voltage value in the
current-voltage characteristic at which the current vanishes or, more specifically, experiences a
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transition through the zero-current axis in the current-voltage characteristic in a manner that
the current changes from a negative current value to a positive current value or, vive-versa,
from a positive current value to a negative current value. In particular, the presence or the
absence of a specific kind of interferent being capable of influencing the position of the zero-
current transition may, thus, be determined.

[0057] By way of example, in a case in which the oxidative processes and the reductive
processes take place in an aqueous phase, such as in the case of a typical body fluid, which
does not comprise an analyte, in case the third electrode is a gold electrode, an established
zero-current transition may occur at a voltage of approximately 550 mV which is, generally,
attributed to an oxidation of the water content within the aqueous phase at the gold electrode.
However, other values for the zero-current transition may occur may be observable at other
voltages for different kinds of third electrodes. On the contrary, in case the analyte glucose
may be present in the aqueous phase, the presence of the glucose may be detectable by an
observation that hydrogen peroxide (H2O2) which may result from a reaction of the enzyme

glucose oxidase (GOD) can be oxidized at the first electrode at a voltage approximately 275
mV, wherein a different analyte may, however, be oxidized at a different voltage value. It may
be noted that this kind of reaction may not take place at the third electrode due to a spatial
separation of the third electrode which does not comprise an enzyme from the first electrode
within the electrode arrangement of the biosensor. Further, in case a specific interferent may,
in addition to the glucose, be present in the aqueous phase, the presence of the interferent
may be detectable by an observation that the interferent may be oxidized at the first electrode
at a voltage below the voltage value at which the analyte, the water and the electrode material
may be oxidized. As a consequence, the position of the zero-current transition occurring in the
current-voltage characteristic of the third electrode may, thus, preferably be located below the
voltage at which the analyte is going to be oxidized at the first electrode. As will be further
illustrated in the figures below, a value as derived from a displacement of the position of the
zero-current transition in the current-voltage characteristic with respect to a default position of
the voltage value may, thus, be used as a criterion for the kind of interferent being present
within the electrochemical cell.

[0058] Further, the current-voltage characteristic of the third electrode may, additionally, exhibit
at least one current plateau. As used herein, the term "current plateau" may refer to a specific
behavior of the course of the current within the current-voltage characteristic, by which the
current may attain a constant value or level over a limited voltage range, wherein the term
"constant value" may relate to a variation of the current which may be limited to a limited
current range, such as within a lower threshold and an upper threshold. Thus, alternatively or
in addition, a current value of the at least one current plateau occurring in the current-voltage
characteristic of the third electrode may further be determined. As could be observed in a
number of samples, the current value of a typical current plateau which may occur in the
current-voltage characteristic of the third electrode may assume a value from 0.1 nAto 20 nA,
in particular from 0.5 nA to 10 nA. As a result, a quantity of the interferent which may be
present within the electrochemical cell may, thus, be determined from an evaluation of the
current value at the at least one current plateau.
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[0059] Further, in case in which at least one further interferent may be capable of providing a
contribution in the biosensor, at least one transition between two different current plateaus
may, additionally, occur in the current-voltage characteristic of the third electrode at at least
one specific voltage. Accordingly, the kind of the at least one further interferent may, thus, be
determined by evaluating the at least one position of at the least one specific voltage at which
the at least one voltage transition may be observable between two specific different current
plateaus.

[0060] As already mentioned above, the biosensor as used herein may be a fully implantable
biosensor or, alternatively, a partially implantable biosensor. In particular, the biosensor may be
adapted for a continuous monitoring of the analyte in the body fluid, preferably for a continuous
measurement of the analyte in a subcutaneous tissue, in particular in an interstitial fluid, such
as blood. However, other kinds of biosensors as well as of applications of the biosensor may
also be feasible.

[0061] As further mentioned above, the analyte may, preferably, comprise glucose, wherein
the enzyme may be glucose oxidase (GOD). Alternatively, other kinds of enzymes, such as
glucose dehydrogenase (GDH), may also be employed. Herein, the first electrode in the
biosensor which serves as the working electrode may be adapted for performing the oxidative
processes. Similarly, the third electrode which serves as the counter electrode may be adapted
for performing the reductive processes. Further, the second electrode serves as the reference
electrode. As a result, a glucose level, such as the concentration of the glucose in the body
fluid, may, thus, be determined by the oxidative processes at the working electrode.
Consequently, the switching from the normal operational mode to the interferent detection
mode according to step a) may, thus, comprise an application of an additional negative
potential to the working electrode, in particular by using the potentiostat. In this regard, it may
be emphasized that the additional negative potential being applied to the working electrode
may be selected from a negative potential step comprising a single large negative value or
from a potential scan with increasingly negative potential values in a step-wise or a
continuously alternating manner.

[0062] Further, the interferent whose contribution may be detected according to the present
invention may be one of an endogenous interferent and an exogenous interferent, wherein the
interferent may be capable of affecting the analyte level. As will be illustrated below in the
figures in more detail, the present method may, in particular, applicable for detecting the
contribution of the endogenous interferent uric acid. Further possible examples may be found
in the list of interferents provided above.

[0063] In this regard it may be emphasized that certain interferents, although being present
within the body fluid, may not be detectable by the present method since they may not provide
a contribution in a manner that their contribution may exhibit an influence onto the current-
voltage characteristic of the third electrode. As an example, the endogenous substance
cysteine turned out not to be a potential interferent at the concentration in which it was present
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in the body fluid as investigated. For further details, reference to the figures below made also
made here.

[0064] Further, the present method may, in particular, be applicable for the detection of the
contribution of exogenous interferents, wherein the exogenous interferent may, in particular, be
a pharmaceutical compound, such as a medicament and/or a drug, or a metabolic product
thereof. As particularly preferred examples, the contribution of the pharmaceutical substances
ascorbic acid and/or acetylsalicylic acid and/or paracetamol may be detected by the present
method. Further possible examples may be found in the list of interferents provided above.

[0065] Moreover, since the present method may, thus, not only be applicable for detecting the
presence or absence of one or more pharmaceutical substances but also for determining a
quantity and/or a concentration thereof, the present method may also be applicable for
detecting and/or monitoring the quantity and/or the concentration of selected pharmaceutical
substances which might exert an influence on the analyte level within the body fluid, in
particular, on the blood glucose level. This additional opportunity may, thus, be employed for a
more complete blood analysis in the managing, monitoring, and controlling the diabetes state
of a patient.

[0066] In a further aspect of the present invention, a method for calibrating a biosensor is
disclosed. This method comprises the steps of performing the method for detecting an
interferent contribution in a biosensor as described above and/or below. In this regard, the
method comprises, as at least one calibration measurement, the performance of the method
for detecting the interferent contribution in the biosensor for at least one prespecified content,
such as kind and concentration, of the at least one interferent and, preferably in a subsequent
manner, storing the current-voltage characteristic of the third electrode or at least one
characteristic value as derived thereof together with the corresponding interferent contribution,
in particular, for further reference. In a particularly preferred embodiment, voltage values for a
zero current in the current-voltage characteristic of the third electrode are determined as the at
least one characteristic value. Alternatively or in addition, current values for a current plateau in
the current-voltage characteristic of the third electrode are determined as the at least one
characteristic value. Herein, one or more values determined for the current plateaus or, in
particular, a value determined for the sum of the current plateaus at an electrical potential
comparable to the electrical potential of the first electrode may, preferably, be employed for
evaluating the zero current for being used in background current correction for calibration of
the biosensor.

[0067] In the at least one calibration measurement, a general relationship between the at least
one interferent content and the current-voltage characteristic of the third electrode or the at
least one characteristic value thereof may be acquired. Said general relationship can, for
example, be reported in the form of one or more calibration curves. In this connection, a
general relationship is to be understood to mean a rule for a plurality of different values of the
interferent content, which rule describes how said values of the interferent content may
influence the current-voltage characteristic. The rule can be ascertained for a continuous
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range of values of the interferent concentration or else for a discontinuous range of interferent
concentration values, for example a quantity of interferent concentration values spaced apart
from one another. Accordingly, the general relationship can, for example, include a pointwise
assignment of multiple interferent concentration values to, in each case, a corresponding
influence on the current-voltage characteristic. Alternatively or additionally, the rule can also
include a law in the form of an analytical function, which can also be referred to as a calibration
curve or calibration function and which describes analytically the influence on the current-
voltage characteristic by the interferent content.

[0068] The calibration measurement can, for example, be carried out by detecting, in each
case, at least current-voltage characteristic in a plurality of test samples or calibration samples
in which the interferent content is known. For example, it is possible to prepare test samples
which have a definite concentration of a known interferent. With respect to said test samples, it
is possible in each case to ascertain at least one current-voltage characteristic or a
characteristic values as derived therefrom. In this way, it may be possible to determine a
quantity of pairs of values, which each comprise the interferent content and the associated
characteristic value. Said pairs of values can themselves describe the general relationship, or
said general relationship can be ascertained from the pairs of values, for example by means of
a fit. In some cases, it may be possible, for the general relationship to be described by a
straight line, the slope and axis intercept of which can be determined from the pairs of values
by using an appropriate fit. Said straight line can then be used as a calibration curve. More
complex calibration curves may also be possible, for example exponential functions and/or
polynomials, which describe very well the relationship between the pairs of values.

[0069] The general relationship, more particularly the calibration curve or calibration function,
can be stored in particular in at least one data storage, for example in a volatile and/or
nonvolatile data storage, which may be connected to at least one evaluation unit, such as in
form of a data processing device. Said evaluation unit can be configured to completely or partly
carry out the method steps of the methods according to the present invention. The calibration
measurement can also be carried out in the evaluation unit or, alternatively, independently
therefrom.

[0070] In a further aspect of the present invention, a method for validating an operation of a
biosensor is disclosed, wherein this method is mutatis mutandis similar compared to the
method for calibrating the biosensor as described above. Herein, the method for validating the
operation of the biosensor may, particularly, be employed for a failsafe operation of the
biosensor. As generally used, the term "failsafe operation" refers to an operational mode of the
biosensor in which, in an event of a failure of the biosensor, the biosensor may, nevertheless
responds in a way that might provide at least one reliable characteristic value, in particular,
during the application of the continuous glucose monitoring. Alternatively or in addition, the
method for validating the operation of the biosensor may, further, be employed for
supplementing measurement values in an event in which no current measurement value may
be provided by the biosensor for any reason but may still be required for the continuous
glucose monitoring. In this regard, the general relationship between the at least one interferent
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content and the current-voltage characteristic of the third electrode or the at least one
characteristic value thereof as described above may be employed in a similar fashion.

[0071] The methods according to the present invention exhibit a number of advantages with
respect to the prior art. Instead of employing inadequate technical solutions for reducing the
effect of the interferents the effect which the interferents that are present in the body fluid may
exert onto the biosensor are actively detected. Hereby, the proposed methods of observing the
dependency between the current and the electrical potential in the biosensor allow deducting
the presence and, preferably, the amount of the interferent in an unambiguous way and are,
generally, applicable in case of more than one kind of interferent. Further, neither additional
working electrodes, such as electrodes being free of a reagent, nor supplementary circuit
components, such as a bipotentiostat and one or more relay circuits, are required. Thus, the
present methods may be implementable within sensor electronics architectures of standard
biosensors and may, in particular, be applicable in already existing biosensor systems.

[0072] Summarizing, the following embodiments are potential embodiments of the present
invention. Other embodiments, however, are feasible.

Embodiment 1: A method for detecting an interferent contribution in a biosensor, wherein the
biosensor has a first electrode, a second electrode, and a third electrode, wherein the first
electrode and the second electrode are covered by a membrane, wherein the first electrode
further includes an enzyme or wherein the first electrode is covered by an enzyme layer,
wherein the first electrode, the second electrode, and the third electrode are connected via a
potentiostat, wherein, in a normal operational mode, via the potentiostat an electrical potential
difference is applied between the first electrode and the second electrode in a manner that the
first electrode allows for oxidative processes and the third electrode allows for reductive
processes, the method comprising the steps of:

1. a) switching from the normal operational mode to an interferent detection mode,
wherein, in the interferent detection mode, the electrical potential difference between the
first electrode and the second electrode is altered for a limited period of time in a
manner that the third electrode allows for oxidative processes;

2. b) measuring a current-voltage characteristic of the third electrode; and

3. ¢) determining the interferent contribution in the biosensor by evaluating the current-
voltage characteristic of the third electrode.

Embodiment 2: The method according to the preceding Embodiment, wherein the switching
from the normal operational mode to the interferent detection mode according to step a)
comprises a time-varying alteration of the electrical potential difference during the limited
period of time by using the potentiostat.

Embodiment 3: The method according to the preceding Embodiment, wherein the continuous
alteration of the electrical potential difference comprises step-wise or continuously varying the
electrical potential difference within a prespecified potential range.

Embodiment 4: The method according to the preceding Embodiment, wherein the continuously
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varying of the electrical potential difference comprises changing the electrical potential
difference along a predefined potential ascent with step-wise or a continuous modification
between a starting point and an end point of the prespecified potential range.

Embodiment 5. The method according to any one of the three preceding Embodiments,
wherein the measuring of the current-voltage characteristic of the third electrode according to
step b) comprises measuring the current between the first electrode and the third electrode
and measuring the voltage of the third electrode during the limited period of time.

Embodiment 6: The method according to the preceding Embodiment, wherein the limited
period of time lasts from 1 minute to 30 minutes.

Embodiment 7. The method according to the preceding Embodiment, wherein the limited
period of time lasts from 5 minutes to 15 minutes.

Embodiment 8: The method according to any one of the preceding Embodiments, wherein the
switching from the normal operational mode to the interferent detection mode according to
step a) comprises an application of at least one potential step to the electrical potential
difference between the first electrode and the second electrode by using the potentiostat.

Embodiment 9: The method according to the preceding Embodiment, wherein the measuring
of the current-voltage characteristic of the third electrode according to step b) comprises
measuring the current between the first electrode and the third electrode and measuring the
voltage of the third electrode during a measuring period following the application of the
potential step.

Embodiment 10: The method according to the preceding Embodiment, wherein the measuring
period following the application of the potential step lasts from 0.5 seconds to 20 seconds.

Embodiment 11: The method according to the preceding Embodiment, wherein the measuring
period following the application of the potential step lasts from 1 second to 10 seconds.

Embodiment 12: The method according to any one of the preceding Embodiments, wherein a
position of a zero-current transition occurring in the current-voltage characteristic of the third
electrode is determined at a potential of the first electrode.

Embodiment 13: The method according to the preceding Embodiment, wherein a kind of the
interferent is determined by evaluating the position of the zero-current transition at the
potential of the first electrode.

Embodiment 14: The method according to the preceding Embodiment, wherein an analyte is
known to exhibit a zero-current transition in the absence of the kind of the interferent at a
default position, wherein the voltage value of the default position differs from the voltage value
of the position of the zero-current transition of the kind of the interferent.

Embodiment 15: The method according to the preceding Embodiment, wherein a value derived
from a displacement of the position of the zero-current transition in the current-voltage
characteristic with respect to the default position is used as a criterion for the kind of
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interferent.

Embodiment 16: The method according to any one of the preceding Embodiments, wherein a
current value of at least one current plateau which occurs in the current-voltage characteristic
of the third electrode is further determined at the potential of the first electrode.

Embodiment 17: The method according to the preceding Embodiment, wherein a quantity of
the interferent is determined by evaluating the current value at the current plateau at the
potential of the first electrode.

Embodiment 18: The method according to any one of the two preceding Embodiments,
wherein, in case at least one further interferent provides a contribution in the biosensor, at
least one position of at least one voltage transition between two different current plateaus
occurring in the current-voltage characteristic of the third electrode is determined at the
potential of the first electrode.

Embodiment 19: The method according to the preceding Embodiment, wherein the kind of the
at least one further interferent is determined by evaluating the at least one position of at the
least one voltage transition between the two different current plateaus at the potential of the
first electrode and/or by evaluating a value determined for the sum of the current plateaus at
an electrical potential comparable to the electrical potential of the first electrode at the potential
of the first electrode.

Embodiment 20: The method according to any one of the preceding Embodiments, wherein
the biosensor is a fully implantable biosensor or a partially implantable biosensor.

Embodiment 21: The method according to the preceding Embodiment, wherein the biosensor
is a biosensor for continuously monitoring an analyte.

Embodiment 22: The method according to the preceding Embodiment, wherein the biosensor
is a biosensor for a continuous measurement of the analyte in a subcutaneous tissue.

Embodiment 23: The method according to the preceding Embodiment, wherein the biosensor
is a biosensor for a continuous measurement of the analyte in a body fluid.

Embodiment 24: The method according to the preceding Embodiment, wherein the biosensor
is a biosensor for a continuous measurement of the analyte in an interstitial fluid.

Embodiment 25: The method according to the preceding Embodiment, wherein the biosensor
is a biosensor for a continuous measurement of the analyte in blood.

Embodiment 26: The method according to any one of the five preceding Embodiments,
wherein the analyte comprises glucose.

Embodiment 27: The method according to the preceding Embodiment, wherein the enzyme is
one of glucose oxidase.

Embodiment 28: The method according to any one of the nine preceding Embodiments,
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wherein the interferent is one of an endogenous interferent and an exogenous interferent,
wherein the interferent is capable of affecting a level of the analyte.

Embodiment 29: The method according to the preceding Embodiment, wherein the
endogenous interferent is uric acid.

Embodiment 30: The method according to any one of the two preceding Embodiments,
wherein exogenous interferent is a pharmaceutical compound or a metabolic product thereof.

Embodiment 31: The method according to the preceding Embodiment, wherein the exogenous
interferent is one of ascorbic acid, acetylsalicylic acid, paracetamol, or acetaminophen.

Embodiment 32: A method for validating an operation of a biosensor and/or for calibrating the
biosensor, comprising the steps of performing the method according to any one of the
preceding Embodiments for at least one prespecified content of at least one interferent and
storing at least one current-voltage characteristic of the third electrode or at least one
characteristic value as derived thereof together with the corresponding interferent content.

Embodiment 33: The method according to the preceding Embodiment, wherein voltage values
of a zero current and, in case at least one further interferent provides a contribution in the
biosensor, at least one further voltage value of at least one voltage transition between two
different current plateaus in the current-voltage characteristic of the third electrode are
determined as the at least one characteristic value.

Embodiment 34: The method according to any one of the two preceding Embodiments,
wherein current values for a current plateau in the current-voltage characteristic of the third
electrode and/or a value determined for the sum of the current plateaus at an electrical
potential comparable to the electrical potential of the first electrode are further determined as
the at least one characteristic value.

Embodiment 35: The method according to any one of the three preceding Embodiments,
wherein a relationship between the at least one interferent content and the current-voltage
characteristic of the third electrode or the at least one characteristic value thereof is
determined and stored as at least one calibration function.

Embodiment 36: The method according to the preceding Embodiment, wherein the at least
one calibration function is stored in at least one data storage being connected to at least one
evaluation unit, wherein the evaluation unit is configured to completely or partly carry out the
method steps of the methods according to any one of the preceding Embodiments.

Short description of the figures

[0073] Further details of the invention may be derived from the following disclosure of
preferred embodiments. The features of the embodiments may be realized in an isolated way
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or in any combination. The invention is not restricted to the embodiments. The embodiments
are schematically depicted in the figures. Identical reference numbers in the figures refer to
identical elements or functionally identical elements or elements corresponding to each other
with regard to their functions.

[0074] In the Figures:

Figure 1
illustrates current-voltage characteristics of both a first electrode and a third electrode,
each measured in a comparison sample without interferent (Figure 1A), wherein a step-
wise alteration of an electrical potential difference between the first electrode and a
second electrode was provided by using a potentiostat (Figures 1B to 1D);

Figure 2
illustrates the current-voltage characteristics of both the first electrode and the third
electrode, each measured in a comparison sample without interferent and in a sample
with the interferent uric acid, wherein a continuous alteration of the electrical potential
difference between the first electrode and the second electrode was provided by using
the potentiostat;

Figure 3
illustrates the current-voltage characteristics of both the first electrode and the third
electrode, each measured in a sample with the interferent uric acid, wherein a potential
step was applied to the electrical potential difference by using the potentiostat;

Figure 4
illustrates a series of negative and positive potential steps as applied to a comparison
sample without interferent in diagrams displaying the time-dependent course of the
current at the first electrode (Figure 4A) and of the voltage at the third electrode (Figure
4B);

Figure 5
illustrates the current-voltage characteristics of the third electrode measured in a sample
without interferent, wherein subsequent potential steps were applied by using the
potentiostat;

Figure 6
illustrates the current-voltage characteristics of the third electrode measured in a sample
with the endogenous interferent cysteine, wherein subsequent potential steps were
applied by using the potentiostat;

Figure 7
illustrates the current-voltage characteristics of the third electrode measured in a sample
with the exogenous interferent ascorbic acid, wherein a potential step was applied by
using the potentiostat;

Figure 8
illustrates the current-voltage characteristics of the third electrode measured in a sample
with the further endogenous interferent uric acid from a first source, wherein a potential
step was applied by using the potentiostat;

Figure 9
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illustrates the current-voltage characteristics of the third electrode measured in a further
sample with the further endogenous interferent uric acid from a second source, wherein
a potential step was applied by using the potentiostat; and

Figure 10
illustrates the time-dependent course of the current at the first electrode which was
subsequently exposed to various samples comprising no interferent or different kinds of
interferents.

Detailed description of the embodiments

[0075] Figure 1A illustrates current-voltage characteristics 110 of both a first electrode 112 and
of a third electrode 114 in a biosensor, wherein the biosensor comprises an electrochemical
cell which is arranged by the first electrode 112, a second electrode, and the third electrode
114. Herein, each of the current-voltage characteristics 110 were measured in a comparison
sample 116, i.e. an artificial sample which did neither comprise any analyte, such as glucose,
nor any interferent component. Herein, the current-voltage characteristics 110 were acquired
by application of an interferent detection mode, in which, in contrast to the normal operational
mode, the first electrode 112 may allow for reductive processes and the third electrode 114
allows for oxidative processes. For achieving the interferent detection mode, a potential scan
118 was applied by using a potentiostat, which means that an electrical potential difference
between the first electrode 112 and the second electrode was step-wise altered for a limited
period of time.

[0076] As can be derived from Figure 1A, the current-voltage characteristic 110 of the third
electrode 114 exhibits a zero-current transition which can be observed at a position 120 which
corresponds to a default voltage of approximately 550 mV versus a reference electrode RE as
provided by the potentiostat. This observation of the zero-current transition at the position 120
may be related to a typical case in which oxidative processes and reductive processes within
the electrochemical cell of the biosensor may take place in an aqueous phase, wherein an
established zero-current transition occurs at the default voltage which is, generally, attributed
to an oxidation of the water content within the aqueous phase. Thus, the current-voltage
characteristic 110 of the third electrode 114 as shown in Figure 1 demonstrates that no
interferent may be present in the comparison sample 116, at least no interferent which may
exhibit an oxidation step occurring below the default voltage.

[0077] Figures 1B to 1D illustrate raw data which have been compiled in order to accomplish
the presentation according to Figure 1A. Herein, the respective data illustrating an application
of the potential scan 118 are shown in the following figures:

e Figure 1B illustrates the potential difference in Volt (V) between the first electrode
(working electrode, WE) 112 and the second electrode (reference electrode) versus time
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(s);

o Figure 1C illustrates the current | in nA through the third electrode (counter electrode)
114 versus time (s); and

» Figure 1D illustrates the potential difference in Volt (V) between the first electrode
(working electrode, WE) 112 and the third electrode (counter electrode) 114 versus time

(s).

[0078] Figure 2 illustrates the current-voltage characteristics 110 of both the first electrode 112
and the third electrode 114, each measured in a comparison sample 116 without interferent as
well as in a sample 122 which comprises the endogenous interferent uric acid. As can be
derived from Figure 2, the current-voltage characteristic 110 of the third electrode 114 exhibits
a zero-current transition which can be observed at the same position 120 for the comparison
sample 116 as in Figure 1 and at a displaced position 124 for the sample 122 comprising the
endogenous interferent uric acid, thus leading to a displacement 126 of the zero-current
transition. The displacement 126 between the positions 120, 124 of the zero-current transitions
may be explained by the presence of the endogenous interferent uric acid in the sample 122
which may be more easily subject to an oxidation compared to the water content as comprised
in both samples 116, 122. Again, the potentiostat was used here to perform the potential scan
118 during the interferent detection mode.

[0079] Figure 3 illustrates the current-voltage characteristics 110 of both the first electrode 112
and of the third electrode 114, each measured again in the sample 122 which comprises the
endogenous interferent uric acid. In contrast to Figure 2, a potential step 128 was applied here
to the electrical potential difference between the first electrode 112 and the second electrode
by using the potentiostat in order to achieve the interferent detection mode. Again, the current-
voltage characteristic 110 of the third electrode 114 exhibits a zero-current transition at the
displaced position 124 for the sample 122 comprising the endogenous interferent uric acid.

[0080] Consequently, achieving the interferent detection mode by application of the potential
step 128 in Figure 3, generally, provides the same results as the application of the potential
scan 118 in Figure 2. However, it may be emphasized that the application of the potential step
128 is capable of providing the same results within a considerably shorter period of time, such
as 0.5 seconds to 20 seconds, compared to 1 minute to 30 minutes which may be typically
used for the application of the potential scan 118 in order to maintain a steady-state of the
electrochemical cell in the biosensor each time before an actual measurement value may be
recorded.

[0081] Figure 4 illustrates an application of a series of negative and positive potential steps
128 to the electrochemical cell in the biosensor for measuring the comparison sample 116
comprising the analyte 10 mM glucose without interferent. Herein, Figure 4A displays a
diagram which exhibits a time-dependent course of the current 130 at the first electrode 112
while Figure 4B shows a further diagram which displays the time-dependent course of the
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voltage 132 of the third electrode 114.

[0082] Each of the following Figures 5 to 9 illustrate the current-voltage characteristics 110 of
the third electrode 114 as acquired after the application of one or more of the potential steps
128, 128', 128" to the electrochemical cell in the biosensor. Herein, the following samples were
used:

* Figure 5: sample 134 comprising 10 mM glucose, i.e. no interferent, resulting in a
position 136 of the zero-current transition at approximately 275 mV;

e Figure 6. sample 138 comprising 10 mM glucose and the endogenous interferent
cysteine in a low concentration, thus, resulting in the same position 136 of the zero-
current transition at approximately 275 mV;

» Figure 7: sample 140 comprising 10 mM glucose and the exogenous interferent ascorbic
acid, resulting in a displaced position 142 of the zero-current transition at approximately
-50 mV,

» Figure 8: sample 144 comprising 10 mM glucose and the further endogenous interferent
uric acid from a first source, resulting in a further displaced position 146 of the zero-
current transition at approximately 70-100 mV; and

e Figure 9: further sample 148 comprising 10 mM glucose and the further endogenous
interferent uric acid from a second source, resulting, however, in the same displaced
position 146 of the zero-current transition at approximately 70-100 mV.

[0083] Finally, Figure 10 illustrates the time-dependent course of the current 130 at the first
electrode 112 which was subsequently exposed to various samples 150-160 either comprising
no interferent or different kinds of interferents. Especially, the following samples 150-160 were
used for this purpose:

* sample 150 comprising 10 mM analyte glucose, i.e. no interferent;

o sample 152 comprising the endogenous interferent cysteine in low concentration;

* sample 154 comprising the exogenous interferent ascorbic acid;

e sample 156 comprising the further endogenous interferent uric acid from the first source;

o sample 158 comprising the further exogenous interferent salicylate; and

* sample 160 comprising the further endogenous interferent uric acid from the second
source.

List of reference numbers

[0084]

110
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current-voltage characteristic

112
first electrode
114
third electrode
116
comparison sample
118
potential scan
120
position of zero-current transition
122
sample comprising the endogenous interferent uric acid
124
displaced position of zero-current transition
126
displacement
128
potential step
130
time-dependent course of the current
132
time-dependent course of the voltage
134
sample comprising 10 mM glucose
136
position of the zero-current transition
138
sample comprising 10 mM glucose + cysteine
140
sample comprising 10 mM glucose + ascorbic acid
142
further displaced position of the zero-current transition
144
sample comprising 10 mM glucose + uric acid from a first source
146
further displaced position of the zero-current transition
148
sample comprising 10 mM glucose + uric acid from a second source
150
sample comprising 10 mM glucose
152

sample comprising cysteine
154
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sample comprising ascorbic acid
156

sample comprising uric acid from a first source
158

sample comprising salicylate
160

sample comprising uric acid from a second source
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Patentkrav

1. Fremgangsmade til detektering af et interferensbidrag ved anvendelse af en
interferensdetekteringsmodus i en biosensor, hvor biosensoren har en fgrste
elektrode (112), en anden elektrode, og en tredje elektrode (114), hvor den
fagrste elektrode (112) og den anden elektrode er daekket af en membran, hvor
den fgrste elektrode (112) yderligere omfatter et enzym eller hvor den fgrste
elektrode (112) er daekket af et enzymlag, hvor den fgrste elektrode (112), den
anden elektrode, og den tredje elektrode (114) er forbundet via en potentiostat,
hvor, i en normal driftsmodus, via potentiostaten pafgres en elektrisk
potentialeforskel mellem den fgrste elektrode (112) og den anden elektrode pa en
made sa at den fgrste elektrode (112) tillader oxidative processer og den tredje
elektrode (114) tillader reduktive processer, hvilken fremgangsmade omfatter

trinnene at:

a) skifte fra normal driftsmodus til en interferensdetekteringsmodus, hvor i
interferensdetekteringsmodusen andres den elektriske potentialeforskel
mellem den fgrste elektrode (112) og den anden elektrode i en begraenset
tidsperiode pa en made sa at den tredje elektrode (114) tillader oxidative

processer,;

b) male en strgm-spaendingskarakteristik (110) af den tredje elektrode
(114); og

c) bestemme interferensbidraget ved at evaluere strgm-
spandingskarakteristikken (110) af den tredje elektrode (114).

2. Fremgangsmaden ifglge det foregaende krav, hvor skiftet fra normal
driftsmodus til interferensdetekteringsmodusen ifglge trin a) omfatter en tids-
varierende andring af elektrisk potentialeforskel under den begraensede
tidsperiode ved anvendelse af potentiostaten.

3. Fremgangsmaden ifglge det foregaende krav, hvor malingen af
stromspaendingskarakteristikken (110) af den tredje elektrode (114) ifglge trin b)
omfatter maling af strammen mellem den fgrste elektrode (112) og den tredje
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elektrode (114) og maling af spaendingen af den tredje elektrode (114) under den
begraansede tidsperiode.

4. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor skiftet
fra normal driftsmodus til interferensdetekteringsmodusen ifglge trin a) omfatter
en pafgrsel af mindst et potentialetrin (128) ved anvendelse af potentiostaten.

5. Fremgangsmaden ifglge det foregdende krav, hvor malingen af
stromspaendingskarakteristikken (110) af den tredje elektrode (114) ifglge trin b)
omfatter maling af streammen mellem den fgrste elektrode (112) og den tredje
elektrode (114) og maling af spaendingen af den tredje elektrode (114) under en
malingsperiode efterfglgende pafgrsien af potentialetrinnet (128).

6. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor en
position (120, 136, 142, 146) af en nul-strgmovergang som sker i
stromspaendingskarakteristikken (110) af den tredje elektrode (114) bestemmes
ved et potentiale af den fgrste elektrode (112).

7. Fremgangsmaden ifglge det foregaende krav, hvor en art af interferensen
bestemmes ved at evaluere positionen (120, 136, 142, 146) af nul-

strgmovergangen.

8. Fremgangsmaden ifglge et hvilket som helst af de foregédende krav, hvor en
stramvaerdi for mindst et strgmplateau der sker i stramspaendingskarakteristikken
(110) af den tredje elektrode (114) yderligere bestemmes.

9. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor en
mangde af interferensen bestemmes ved at evaluere strgmvaerdien ved

strgmplateauet.

10. Fremgangsmaden ifglge et hvilket som helst af de to foregdende krav, hvor, i
tilfaeldet af mindst en yderligere interferens tilvejebringer et bidrag i biosensoren,
mindst en position af mindst en spandingsovergang mellem to forskellige
strgmplateauer der forekommer i stramspandingskarakteristikken (110) af den
tredje elektrode (114) bestemt ved potentialet af den fgrste elektrode (112), hvor
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arten af den mindst ene yderligere interferens bestemmes ved at evaluere
positionen af den mindst ene spandingsovergang mellem de to forskellige

strgmplateauer.

11. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
biosensoren er en fuldstaendig eller delvist implanterbar biosensor til kontinuerlig

overvagning af en analyt.

12. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor

analytten omfatter glucose, og hvor enzymet er glucoseoxidase.

13. Fremgangsmaden ifglge et hvilket som helst af de tre foregaende krav, hvor
interferensen er en af en endogen interferens og en exogen interferens, hvor

interferensen er i stand til at pavirke et niveau af analytten.

14. Fremgangsmaden ifglge det foregaende krav, hvor den exogene interferens er
en farmaceutisk forbindelse eller et metabolisk produkt deraf.

15. Fremgangsmade til lagring af en vaerdi bestemt for interferensbidraget,
omfattende trinnene at udfgre fremgangsmaden ifglge et hvilket som helst af de
foregdende krav i mindst et praespecificeret indhold af mindst en interferens og
lagring af mindst en stramspaendingskarakteristik (110) af den tredje elektrode
(114) eller en mindst en karakteristisk veerdi som afledt deraf sammen med det

tilsvarende interferensindhold.
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