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Method for detecting a failure of at least one component of a continuous analyte mon-

itoring system

Technical Field

The present invention discloses a method for detecting a failure of at least one component
of a continuous analyte monitoring system, a method for determining a concentration of at
least one analyte in bodily fluid using at least one continuous analyte monitoring system
and a continuous analyte monitoring system. The continuous analyte monitoring system
comprises at least one analyte sensor which may be or may comprise an electrochemical
sensor configured for insertion into a body tissue of a user, specifically an insertable or
implantable electrochemical sensor for monitoring of the at least one analyte in the body
tissue and/or in a bodily fluid within the body tissue. The method and devices according to
the present invention may be used for detecting at least one analyte present in one or both
of a body tissue or a bodily fluid, in particular the method and devices are applied in the
field of detecting one or more analytes such as glucose, ketones, lactate, triglycerides, cho-
lesterol or other analytes in bodily fluids such as blood or interstitial fluid or other bodily
fluids, both in the field of professional diagnostics, in the field of hospital point of care, in
the field of personal care and in the field of home monitoring. However, other fields of

application are feasible.

Background art

In the field of medical technology and diagnostics, a large number of monitoring devices
and methods for detecting at least one analyte in a bodily fluid are known. The method and
monitoring devices may be used for detecting at least one analyte present in one or both of
a body tissue or a bodily fluid, in particular one or more analytes, preferably metabolites
such as glucose, lactate, ketones, triglycerides, cholesterol or other analytes in bodily fluids
such as blood or interstitial fluid or other bodily fluids. Without restricting the scope of the
present invention, in the following, mainly reference is made to the determination of glu-

cose by an electrochemical biosensor as an exemplary and preferred analyte.

A typical electrochemical biosensor comprises a biological recognition element, which can

be an antibody, a DNA-string, a protein or more specifically an enzyme. These molecules
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specifically bind to or react with analyte molecules. The biological recognition element,
here exemplary an enzyme, is in contact to a transducer, an element, which transforms the
change in the biological recognition element into a measurable signal. A typical electro-
chemical biosensor uses a working electrode as a transducer. In the case of enzymatic elec-
trodes, the charge (electrons) generated by the enzyme must be efficiently and/or quantita-
tively collected by the transducer. Depending on the used enzyme and the sensor construc-
tion, the charge transfer can be direct from the enzyme to the transducer, i.e. the working
electrode, or redox mediated by e.g. natural oxygen, redox-active polymers or other redox
active substances. The here exemplary presented electrochemical sensor deploys the en-
zyme from the class of oxidoreductase, called glucose oxidase (GOx). GOx may use oxy-
gen as an electron acceptor, reducing it to hydrogen peroxide. The latter is diffusing toward
working electrode surface, which is polarized at a potential, sufficient for efficient oxida-
tion of the hydrogen peroxide. Thus, the oxygen/hydrogen peroxide acts as redox mediator
for electron transfer from the enzyme active center to the surface of the working electrode.
Such scheme corresponds to an enzymatic biosensor of the first generation. In the second
generation, other redox reagents are envisaged to replace oxygen. Such mediators may be
either freely diffusing species, or bound in a polymer matrix or other way. Some examples
of the redox active species are ferrocene and phenazine derivatives, quinones, ruthenium or

osmium complexes.

Commonly used are electrochemical biosensors, which are based on a potentiometric
measurement principle. Therefore, the electrochemical biosensor needs to be permanently
polarized with a potential between a counter electrode and a working electrode. In this
condition, a current that is proportional to the level of glucose present in the bodily fluid is
flowing into the working electrode and outside of the counter electrode. The electronic
regulating the voltage and measuring the current is called “potentiostat”. Typically, an ana-
logue electronic is used to regulate the voltage. This may be done using several operational

amplifiers and at least one reference voltage.

There is a need to provide functional safety of the electrochemical biosensor and its com-
ponents. Specifically, there is a need to provide means to detect if one component has a
problem to avoid giving false analyte values. For example, if a value of a measurement
resistor is changed due to short circuit, cracking in the component, aging or the like this
could lead to errors on the measured analyte value. Usually, this detection is done by using

analogue switches on both electrode contacts.
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WO 2017/153506 A1 describes an analyte measuring patch for invasive measuring a con-
centration of an analyte, in particular glucose. The analyte measuring patch includes a sen-
sor with a working electrode, a counter electrode and a reference electrode. The patch fur-
ther includes an electronics unit with a microcontroller and a current measurement unit.
The microcontroller includes a control output, a first analogue input and a second analogue
input. The control output is operatively coupled with a control electrode, the control elec-
trode being either of the working electrode or the counter electrode. The first analogue
input is operatively coupled with a measurement electrode via the current measurement
unit, the measurement electrode being either of the working electrode or the counter elec-
trode. The second analogue input is operatively coupled with the reference electrode. The
microcontroller is configured to control, by providing a control voltage to the control out-
put, a potential difference between the working electrode and the counter electrode to equal

a predefined polarization voltage.

US 2020/209179 A1 described systems and methods for detecting damage to an analyte
sensor using analyte sensor impedance values. A membrane integrity state of the analyte

sensor may be based on an impedance parameter.

US 2020/178868 Al discloses a method for detecting in vivo properties of a biosensor. In
the method, a sensitivity-to-admittance relation is provided and a raw current in the biosen-
sor is measured. An in-vivo current response is also measured at first and second operating
points. A failsafe operation of the biosensor is monitored by using an in-vivo current re-

sponse measured at the first and second operating points.

US 2010/169035 A1 describes methods and materials for observing the state of a sensor. A
voltage, such as a voltage pulse is applied to the sensor in order to solicit a current re-
sponse from which for example an impedance value can be derived. This impedance value

can then be used as indicator for the sensor’s state.

US 8,594,760 B2 describes a measuring system for in vivo monitoring of an analyte con-
centration with malfunction detection which comprises an electrode system, a potentiostat
and an evaluation unit. The electrode system has a working electrode, a reference elec-
trode, and a counter electrode. The potentiostat is for adjusting a difference of potential
between the electric potential of the working electrode and the electric potential of the ref-
erence electrode to a specified value and for measuring an electric current flowing between
the working electrode and the counter electrode. The potentiostat comprises a working

electrode terminal for connection to the working electrode, a reference electrode terminal
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for connection to the reference electrode, and a counter electrode terminal for connection
to the counter electrode. The evaluation unit monitors the electric potential of the counter
electrode and generates a malfunction signal when said potential is outside a specified ref-

erence range.

However, such known devices and methods are expensive and take valuable place on
board of the monitoring device. Specifically, analogue switches that have all the good
characteristics for this application are expensive and are taking some valuable place on the
board.

Problem to be solved

It is therefore an objective of the present invention to provide a method for detecting a fail-
ure of at least one component of a continuous analyte monitoring system, a method for
determining a concentration of at least one analyte in bodily fluid using at least one contin-
uous analyte monitoring system and a continuous analyte monitoring system, 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. Specifically, functional
safety shall be ensured with reduced costs and with very few additional components within

an electronics unit of the continuous analyte monitoring system.

Summary

This problem is addressed by a method for detecting a failure of at least one component of
a continuous analyte monitoring system, a method for determining a concentration of at
least one analyte in bodily fluid using at least one continuous analyte monitoring system
and a continuous analyte monitoring system with the features of the independent claims.
Advantageous embodiments which might be realized in an isolated fashion or in any arbi-
trary combinations are listed in the dependent claims as well as throughout the specifica-

tion.

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 “A includes B” may both refer to a situation in which, besides B, no other element
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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.

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.

"non
>

Further, as used in the following, the terms "preferably", "more preferably", "particularly",
"more particularly", "specifically", "more specifically" or similar terms are used in con-
junction 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 per-
formed 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.

In a first aspect of the present invention, a method for detecting a failure of at least one

component of a continuous analyte monitoring system is disclosed.

The term “system” as used herein is a broad term and is to be given its ordinary and cus-
tomary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to a group of
at least two elements which may interact in order to fulfill at least one common function.
The at least two components may be handled independently or may be coupled, connecta-
ble or integratable in order to form a common component. Thus, a system generally refers
to a group of at least two elements or components which are capable of interacting in order
to perform at least one common function, such as in order to perform at least one detection
of at least one analyte in a bodily fluid and/or in order to contribute to a detection of the at

least one analyte in the bodily fluid. The system generally may also be referred to as an



10

15

20

25

30

35

WO 2022/058255 PCT/EP2021/075027

-6-

assembly. The term “component” may refer to a subsystem, element or a constituent part

of the system.

The term “monitoring” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term specifically may refer, without limitation, to a pro-
cess of continuously acquiring data and deriving desired information therefrom. Specifical-
ly, the monitoring may comprise detecting at least one analyte in the bodily fluid. The term
“detecting” as used herein is a broad term and is to be given its ordinary and customary
meaning to a person of ordinary skill in the art and is not to be limited to a special or cus-
tomized meaning. The term specifically may refer, without limitation, to a process of es-
tablishing a presence and/or a quantity and/or a concentration of at least one analyte in the
bodily fluid. Thus, the detection may be or may comprise a qualitative detection, i.e. simp-
ly determining the presence of the at least one analyte or the absence of the at least one
analyte, and/or may be or may comprise a quantitative detection, which determines the
quantity and/or the concentration of the at least one analyte. The monitoring of the analyte
may comprise generating and evaluating a plurality of measurement signals, 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 occur-
rence of at least one pre-specified event. In particular, the continuous analyte monitoring
system 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.

The term “analyte monitoring system” as used herein is a broad term and is to be given its
ordinary and customary meaning to a person of ordinary skill in the art and is not to be
limited to a special or customized meaning. The term specifically may refer, without limi-
tation, to an arbitrary system configured for monitoring at least one analyte in a bodily flu-
id of a user. The term “continuous analyte monitoring system” as used herein is a broad
term and is to be given its ordinary and customary meaning to a person of ordinary skill in
the art and is not to be limited to a special or customized meaning. The term specifically
may refer, without limitation, to an analyte monitoring system configured for continuously
monitoring the analyte in the bodily fluid of the user. The continuous analyte monitoring
system or at least a part of the continuous analyte monitoring system may remain in the
body tissue of the user for a predetermined period of time, such as for several hours, spe-
cifically for one or more days, more specifically for up to one week, even more specifically

for up to two weeks or even more.
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The term “analyte” as used herein is a broad term and is to be given its ordinary and cus-
tomary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to an arbitrary
element, component or compound which may be present in a bodily fluid and the concen-
tration of which may be of interest for a user. Specifically, the analyte may be or may
comprise an arbitrary chemical substance or chemical compound which may take part in
the metabolism of the user, such as at least one metabolite. As an example, the at least one
analyte may be selected from the group consisting of glucose, ketones, cholesterol, triglyc-
erides, lactate. Additionally or alternatively, however, other types of analytes may be de-

termined and/or any combination of analytes may be determined.

As further used herein, the term “bodily 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 and/or which
may be produced by the body of the user. Preferably, the bodily fluid may be selected from
the group consisting of blood and interstitial fluid. However, additionally or alternatively,
one or more other types of bodily fluids may be used, such as saliva, tear fluid, urine or
other bodily fluids. During the detection of the at least one analyte, the bodily fluid may be
present within the body or body tissue. Thus, the continuous analyte monitoring system
may, specifically, be configured for detecting the at least one analyte within the body tis-

Sue.

As generally used within the present invention, the term "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 user
may be a human being or an animal suffering from diabetes. However, additionally or al-

ternatively, the invention may be applied to other types of users or patients or diseases.

The continuous analyte monitoring system comprises at least one analyte sensor. The term
“sensor” as used herein is a broad term and is to be given its ordinary and customary mean-
ing to a person of ordinary skill in the art and is not to be limited to a special or customized
meaning. The term specifically may refer, without limitation, to an arbitrary element or
device configured for detecting at least one condition or for measuring at least one meas-
urement variable. The term “analyte sensor” as used herein is a broad term and is to be
given its ordinary and customary meaning to a person of ordinary skill in the art and is not
to be limited to a special or customized meaning. The term specifically may refer, without
limitation, to a sensor configured for detecting quantitatively or qualitative at least one

analyte. The analyte sensor may be or may comprise at least one electrochemical sensor.
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The term “electrochemical sensor” specifically may refer to a sensor based on electro-
chemical measurement principles, such as by using one or more of an amperometric, cou-
lometric or a potentiometric measurement principle. Specifically, the electrochemical sen-
sor may comprise at least one enzyme configured for performing at least one redox reac-
tion in the presence of the analyte to be detected, wherein the redox reaction may be de-
tected by electrical means. As used herein, the term “electrochemical detection” refers to a
detection of an electrochemically detectable property of the analyte by electrochemical
means, such as an electrochemical detection reaction. Thus, for example, the electrochemi-
cal detection reaction may be detected by comparing one or more electrode potentials, such
as a potential of a working electrode with the potential of one or more further electrodes
such as a counter electrode or a reference electrode. The detection may be analyte specific.

The detection may be a qualitative and/or a quantitative detection.

The analyte sensor may be an in-vivo sensor. The term “in-vivo sensor” as used herein is a
broad term and is to be given its ordinary and customary meaning to a person of ordinary
skill in the art and is not to be limited to a special or customized meaning. The term specif-
ically may refer, without limitation, to a sensor which is configured for being at least par-
tially implanted into a body tissue of a user. The analyte sensor may be a subcutaneous
analyte sensor. The analyte sensor may be configured for implantation into a body tissue of
the user. More specifically the analyte sensor may be configured for continuous monitoring
of the analyte. The analyte sensor may be fully implantable or partially implantable. The

method according to the present invention may be performed in vivo.

The analyte sensor comprises at least two measurement electrodes. The analyte sensor may
be a two-electrode sensor comprising two measurement electrodes, in particular precisely
two measurement electrodes, or a three-electrode sensor comprising three measurement
electrodes, in particular precisely three measurement electrodes. The term “measurement
electrode” as used herein is a broad term and is to be given its ordinary and customary
meaning to a person of ordinary skill in the art and is not to be limited to a special or cus-
tomized meaning. The term specifically may refer, without limitation, to an electrode
which is or can be brought in contact with an electrolyte, in particular with a bodily fluid.
The at least two measurement electrodes may be designed such that an electrochemical
reaction may take place at one or more of the electrodes. Thus, the measurement electrodes
may be embodied such that an oxidation reaction and/or reduction reaction may take place

at one or more of the electrodes.
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One of the measurement electrodes may be designed as working electrode. The term
“working electrode” as used herein is a broad term and is to be given its ordinary and cus-
tomary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to an electrode
of the analyte sensor which is configured for measuring a signal, such as a voltage, a cur-
rent, a charge or electrical/electrochemical potential, dependent on the degree of an elec-
trochemical detection reaction taking place at the working electrode, for the purpose of
detecting the at least one analyte. The working electrode may comprise at least one test
chemical. The working electrode may fully or partially be covered with at least one test
chemical, specifically at least one test chemical comprising at least one enzyme for detect-
ing the at least one analyte. As an example, glucose oxidase (GOx) or glucose dehydrogen-
ase (GDH) may be used. The test chemical, further, may comprise additional materials,
such as binder materials, electrode particles, mediators or the like. Thus, as an example, the
test chemical may comprise at least one enzyme, carbon particles, a polymer binder and
MnO2 particles. In another preferred embodiment, the test chemical may comprise an en-
zyme and a mediator polymer comprising a polymeric material and a metal containing
complex, for example a modified poly(vinylpyridine) backbone loaded with poly(bi-
imidizyl) Os complexes covalently coupled through a bidentate linkage. Further, the at
least one test chemical may be comprised in a single layer, or the test chemical may com-
prise a plurality of layers, such as one layer having the at least one enzyme and one or
more additional layers having one or more additional functions, such as one or more diffu-

sion barriers and/or one or more biocompatibility layers.

The other one of the measurement electrodes may be designed as counter electrode or aux-
iliary electrode. The term “counter electrode” as used herein is a broad term and is to be
given its ordinary and customary meaning to a person of ordinary skill in the art and is not
to be limited to a special or customized meaning. The term specifically may refer, without
limitation, to an electrode adapted for performing at least one electrochemical counter re-
action and/or configured for balancing a current flow due to the detection reaction at the
working electrode. The counter electrode may be a part of the implanted or partially im-
planted analyte sensor, or may be an individual electrode, which is either implanted or par-
tially implanted or placed somewhere else on the body, e.g. on the skin surface. In case of
the analyte sensor comprises a two-electrode system comprising precisely two measure-
ment electrodes, the counter electrode may complete the circuit such that charge can flow
through an electrochemical cell, also denoted electrochemical system, given by the work-
ing electrode, the counter electrode and an electrolyte, such as the bodily fluid, and may

maintain a constant counter electrode potential, also referred to as a constant reference po-
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tential, regardless of current. The working electrode may have a higher potential compared
to the other one of the measurement electrodes, which is also denoted counter electrode.

Additionally, the analyte sensor may comprise at least one reference electrode. The term
“reference electrode”, also referred to as “pseudo reference electrode”, specifically may
refer, without limitation, to an electrode of the analyte sensor which is configured to pro-
vide an electrochemical reference potential which, at least widely, is independent of the
presence or absence or concentration of the analyte. The reference electrode may be con-
figured for being a reference for measuring and/or controlling a potential of the working
electrode. The reference electrode may have a stable and well-known electrode potential.
The electrode potential of the reference electrode may preferably be highly stable. One of
the measurement electrodes may have several functionalities, as for instance, combined
reference and counter electrode, also denoted combined counter-reference electrode, which
has both, the function of the reference and counter electrodes, which means it provides a

reference potential and balances the current flow from the working electrode.

The continuous analyte monitoring system comprises at least one component and at least
one failure detection resistor. The component may be one or more of at least one measure-
ment resistance configured for measurement of a sensor current of the continuous analyte
monitoring system or at least one membrane element comprised by at least one of the
measurement electrodes. The term “failure detection resistor” as used herein is a broad
term and is to be given its ordinary and customary meaning to a person of ordinary skill in
the art and is not to be limited to a special or customized meaning. The term specifically
may refer, without limitation, to at least one resistor which can be used for failure detec-
tion. Specifically, the failure detection resistor may be an element of the continuous ana-
lyte monitoring system in addition to the component under failure detection. The failure
detection resistor may have a known, such as predetermined or preknown, resistance value.
The resistance value may be an average value determined, specifically pre-determined,
from a plurality of reference measurements. The resistance value may be selected suitable
for determining the failure of the respective component such as of the measurement re-

sistance or the membrane element.

The term “failure” as used herein is a broad term and is to be given its ordinary and cus-
tomary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to a deviation

from a target value and/or a target behavior. The failure specifically may refer to a func-
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tional failure. The failure may occur due to short circuit, cracking in the component, aging

or the like and may result in false or incorrect detection of the analyte.

The method comprises the method steps as given in the corresponding independent claim
and as listed as follows. The method steps may be performed in the given order. Further,
additional method steps may be present which are not listed. The method comprises the
following steps:

1)  applying a constant voltage between the at least two measurement electrodes of
the analyte sensor and measuring a first response signal,

i1) applying a failure detection signal distinguishable from the constant voltage
and/or from the first response signal in frequency and/or in height to the continu-
ous analyte monitoring system and measuring a second response signal to the fail-
ure detection signal using the failure detection resistor;

iii) determining an information depending on at least one actual property of the com-
ponent by evaluating the first response signal and the second response signal,
wherein a failure is detected if the information deviates from at least one expected
value more than at least one predetermined tolerance.

The term “constant voltage” as used herein is a broad term and is to be given its ordinary
and customary meaning to a person of ordinary skill in the art and is not to be limited to a
special or customized meaning. The term specifically may refer, without limitation, to a
constant potential difference or polarizing potential of arbitrary height in between the two
measurement electrodes. The term “constant” may refer to a timely essentially unchanged
height of the voltage, at least during failure detection procedure. The term “essentially un-
changed height” may refer to unchanged height within tolerances, for example, of +1% or
even less, preferably of £0.1% or less. The term “applying the constant voltage” as used
herein is a broad term and is to be given its ordinary and customary meaning to a person of
ordinary skill in the art and is not to be limited to a special or customized meaning. The
term specifically may refer, without limitation, to polarizing the measurement electrodes.
For example, the counter electrode may be grounded and the constant voltage may be ap-
plied to the working electrode. For example, the constant voltage may be about 50 mV.
Other values of constant voltage may be possible. The constant voltage may depend on
chemistry at the measurement electrodes. Selecting suitable constant voltage depending on

the chemistry at the measurement electrodes is known to the person skilled in the art.

The term “response signal” as used herein is a broad term and is to be given its ordinary
and customary meaning to a person of ordinary skill in the art and is not to be limited to a

special or customized meaning. The term specifically may refer, without limitation, to a
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measurable signal generated in response to application of voltage or current of the continu-
ous analyte monitoring system. The term “first response signal” as used herein is a broad
term and is to be given its ordinary and customary meaning to a person of ordinary skill in
the art and is not to be limited to a special or customized meaning. The term specifically
may refer, without limitation, to at least one current signal or at least one voltage signal
generated by the analyte sensor in a situation of a constant voltage between the at least two

measurement electrodes.

The analyte sensor may comprise and/or may be connected to at least one measuring de-
vice and/or may be part of at least one measuring device, in particular at least one potenti-
ostat or galvanostat, configured for detecting the at least one analyte. Operating principles
of potentiostats and galvanostats are generally known to the person skilled in the art. The
potentiostat may be configured for generating and/or applying the constant voltage. By
applying a constant voltage, a constant potential difference between the measurement elec-
trodes may be achieved. The constant potential difference may also be referred to as polar-
ization voltage of the analyte sensor. In situation of a constant potential difference between
the measurement electrodes a current that is proportional to the level of glucose present
into the body of the user may be flowing into the working electrode and outside of the
counter electrode. The constant voltage may be a continuous direct current (DC) signal
which polarizes an electrochemical cell of the analyte sensor, and serves as the “motor for
the amperometric measurement of the analyte oxidized by GOx. The constant voltage may
be adjusted from time to time or continuously in order to give the analyte sensor its polari-
zation voltage, preferably, in order to keep the predefined polarization voltage at the ana-
lyte sensor.

In particular, the potentiostat may be configured for monitoring and maintaining a potential
applied at the working electrode. The potentiostat may be configured for monitoring and
maintaining the potential between the reference electrode and the working electrode. As
outlined above, one of the measurement electrodes may have several functionalities and
may be designed as combined counter-reference electrodes. The potentiostat may be con-
figured for monitoring and maintaining the potential between the combined counter-
reference electrode and the working electrode. The potentiostat may be configured for
maintaining the desired polarization voltage, for example 50 mV, between the reference
electrode and the working electrode or between the working electrode and the combined
counter-reference electrode. The current flowing between working and counter or com-

bined counter-reference electrode may be measured at the working or counter or combined
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counter-reference electrode. The reference electrode may be used to monitor the potential

of the working electrode.

The continuous analyte monitoring system may comprise at least one controlling unit, in
particular a digital controlling unit such as at least one microcontroller unit (MCU). The
MCU may be configured for regulating the voltage between the measurement electrodes.
The analyte sensor may comprise the MCU and/or may be directly connectable to the
MCU. For example, the analyte sensor may comprise sensor contacts via which the analyte
sensor, in particular the measurement electrodes can be connected to the MCU. Usage of
an MCU has several advantages. Specifically, only very few analogue components are re-
quired. Moreover, there is no need for any voltage regulator or additional voltage refer-
ence. The MCU may comprise a Digital to Analog converter (DAC) or at least one Pulse
Width Modulator (PWM) which is configured for applying the constant voltage to the
measurement electrodes, in particular to the working electrode. The MCU may comprise a
plurality of Analog to Digital converter (ADC) channels. The MCU may comprise at least
one ADC channel for determining voltage output at the counter electrode. The potential at
the counter electrode may be measured and therefore known from the MCU. The MCU is
configured for measuring the potential at the counter electrode via the ADC channel and to
adjust the DAC or PWM in order to get the pre-defined polarization of the measurement

electrodes.

As will be outlined in more detail below, the continuous analyte monitoring system may
comprise at least one measurement resistance used for measuring the current flowing out-
side of the counter electrode. The continuous analyte monitoring system may comprise at
least one first measurement resistance which may be configured for converting the current
flowing out of the counter electrode into a voltage proportional to the current. The MCU
may further comprise at least one amplifier such as an operational amplifier. Additionally
or alternatively, the amplifier may be an external amplifier which may be connected to the
MCU. The amplifier may be configured for amplifying the voltage, such as by a constant
gain factor, before measurement at the ADC channel. The MCU may further comprise at
least one output which, for detection of the analyte, may be put at ground, i.e. logical 0.
The continuous analyte monitoring system may comprise at least one second measurement
resistance in parallel to the first measurement resistance and connected to the output in
case of being at logical 0. The second measurement resistance may have a resistance much
higher than the first measurement resistance. Thus, the current from the counter electrode
may be flowing into both the first measurement resistance and the second measurement

resistance. If those two measurement resistances would have known and unchanged values,
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it would be possible to calculate the current flowing out of the counter electrode using the
ADC channel by using Ohm’s law.

The term “failure detection signal” as used herein is a broad term and is to be given its or-
dinary and customary meaning to a person of ordinary skill in the art and is not to be lim-
ited to a special or customized meaning. The term specifically may refer, without limita-
tion, to a current or voltage signal distinguishable from the constant voltage and/or from
the first response signal in at least one property which can be used for detecting the failure
of the component. The failure detection signal is distinguishable from the constant voltage
and/or from the first response signal in frequency and/or in height. For example, the failure
detection signal may be significantly smaller than the constant voltage and/or the first re-
sponse signal. For example, the failure detection signal may be significantly shorter such

as a pulse than the constant voltage.

The term “second response signal” as used herein is a broad term and is to be given its or-
dinary and customary meaning to a person of ordinary skill in the art and is not to be lim-
ited to a special or customized meaning. The term specifically may refer, without limita-
tion, to at least one current signal or at least one voltage signal determined using the failure
detection resistor in response to application to the failure detection signal. Specifically, the

second response signal may be measurable by using the failure detection resistor.

The term “property of the component” as used herein is a broad term and is to be given its
ordinary and customary meaning to a person of ordinary skill in the art and is not to be
limited to a special or customized meaning. The term specifically may refer, without limi-
tation, to at least one arbitrary property of the component influencing the analyte detection.
For example, the component may be a measurement resistance and the property may be a
resistance value. For example, the component may be a membrane element comprised by
at least one of the measurement electrodes and the property may be at least one membrane
property. The term “actual property” as used herein is a broad term and is to be given its
ordinary and customary meaning to a person of ordinary skill in the art and is not to be
limited to a special or customized meaning. The term specifically may refer, without limi-
tation, to a current property of the component, which may depend on a status or a condition
of the component. The status or condition of the component may change during time such
as due to aging, mechanical influences, temperature influences and the like. The infor-
mation depending on the actual property may be an arbitrary information indicating status
or condition of the component. The term “expected value” as used herein is a broad term
and is to be given its ordinary and customary meaning to a person of ordinary skill in the
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art and is not to be limited to a special or customized meaning. The term specifically may

refer, without limitation, to a target value of the component.

The term “evaluating” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term specifically may refer, without limitation, to deriv-

ing the at least one representative result from the respective response signal.

Step iii), in particular, may comprise comparing the information depending on the actual
property and the expected value. A failure is detected if the information deviates from at
least one expected value more than at least one predetermined tolerance. For example, a
failure may be detected if the information deviates from at least one expected value more
than +10 %, preferably =5 %, more preferably £2 %.

For example, the component may be at least one of the measurement resistances of the
continuous analyte monitoring system. The term “measurement resistance” as used herein
is a broad term and is to be given its ordinary and customary meaning to a person of ordi-
nary skill in the art and is not to be limited to a special or customized meaning. The term
specifically may refer, without limitation, to a resistor which can be used for determining
the current flowing out of the counter electrode. The measurement resistance can be used
for measurement of a sensor current of the continuous analyte monitoring system. As out-
lined above, the continuous analyte monitoring system may comprise a measurement re-
sistance which may be connected to the counter electrode and which may be configured for
converting the current flowing out of the counter electrode into a voltage proportional to
the current. As outlined above, the MCU may further comprise the at least one output
which, for detection of the analyte, may be put at ground, i.e. logical 0. The continuous
analyte monitoring system may comprise the at least one second measurement resistance in
parallel to the first measurement resistance and connected to the output in case of being at
logical 0. The second measurement resistance may have a resistance much higher than the
first measurement resistance. Thus, the current flowing outside of the counter electrode
may be flowing into the first and second measurement resistances. The voltage proportion-
al to the current flowing out of the counter electrode may be measured, such as via the at
last one ADC channel of the MCU. If the value of the first measurement resistance and the
second measurement resistance would be known and unchanged, it would be possible to
determine the current flowing into the first measurement resistance from the measured

voltage using Ohm’s law.



10

15

20

25

30

35

WO 2022/058255 PCT/EP2021/075027

-16 -

The method may comprise determining if the measurement resistances are correctly work-
ing. Specifically, the method may comprise determining if a measuring chain of the con-
tinuous analyte monitoring system is correctly working. The measuring chain may com-
prise the measurement resistances and further elements such as the at least one amplifier. If
one of the elements of the measuring chain is not correctly working this may result in erro-
neous measurement results of the analyte concentration. The method may comprise detect-
ing if there is a failure in at least one of the measurement resistances. The failure may be a
failure of the first measurement resistance and/or of the second measurement resistance.
For example, failure in at least one of the measurement resistances may be detected using
the second measurement resistance. Thus, the second measurement resistance may be used

as failure detection resistor.

Step 1) may comprise applying the constant voltage between the measurement electrodes
and determining a first current I1 as first response signal using the measurement resistance.
Step 1i) may comprise applying a second current Iz as failure detection signal to the contin-
uous analyte monitoring system and measuring a resulting total current Iwt as second re-
sponse signal using the failure detection resistor. The second measurement resistance may
be a resistor arranged in parallel to the first measurement resistance. The resistance value
of the failure detection resistor may be higher than the resistance value of the first meas-
urement resistance. For example, the resistance value of the failure detection resistor may
be around 100 times higher. A small additional current may injected into the first meas-
urement resistance by using the failure detection resistance. As outlined above, for detect-
ing the at least one analyte, the output normally may be put at ground, i.e. logical 0. For
detecting the failure, a logical 1 may be put on the output which results in adding a small
current flowing over the failure detection resistor into the first measurement resistance.
This current may be dependent on the current already flowing from the analyte sensor and
on the values of the failure detection resistor and the first measurement resistance. The
second current I» may be significantly smaller than the first current I,. For example, the

second current I> may be around 5 nA or less, such as 3 nA.

In step iii) a failure may be detected if the resulting total current Lot deviates more than the
predetermined tolerance from a sum of the first current I and the second current 1. For
example, the predetermined tolerance may be +5 %, preferably +2 %. Specifically, as all
values, the current values 11, I» and Iwt and the target value of the first measurement re-
sistance and of the failure detection resistor, are known it is possible to check if there is a
failure. Thus, by first measuring before application of the additional current and in re-
sponse to the additional current, it is possible to checked if the measurement resistances are
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working correctly. The proposed technique allows for testing the whole I to U converter,

including the amplifier, and the resistors around it.

For example, the component may be the membrane element comprised by at least one of
the measurement electrodes. For example, the membrane element may be applied to the
working electrode. The term “membrane element” as used herein is a broad term and is to
be given its ordinary and customary meaning to a person of ordinary skill in the art and is
not to be limited to a special or customized meaning. The term specifically may refer,
without limitation, to at least one element configured for controlling and/or limiting diffu-
sion of the analyte to the electrode to which the membrane element is applied. Thus, the
membrane element may be configured as diffusion limiting membrane. However, the
membrane element may have even more functionalities, such as providing biocompatibil-
ity. The membrane element may have further functions such as blocking of leakage of
components below the membrane element such as of the enzyme or other components
comprised in any one of the at least two measurement electrodes. The membrane element
may also be configured as a blocking membrane. As used herein, the term “blocking” may
refer to preventing leakage of inner components of a sensitive layer of the working elec-
trode but not to the analyte. The membrane element may be configured for maintaining of
sensor integrity, by for instance keeping the enzyme or redox mediator from leaching, thus
gradation of the whole sensor. Independently on the role of the membrane element, its al-

tering may be compensated.

The membrane element may comprise at least one polymer. The membrane element may
be applied to the working electrode as thin polymer film. For example, the membrane ele-
ment may be or may comprise Poly-(4-(N-(3-sulfonatopropyl) pyridinium)-co-(4vinyl-
pyridine)-co- styrene (5%/90%/5%) or hydrophilic Polyurethane such as HP60D20 availa-
ble from Lubrizol®. For example, the membrane element may comprise at least one of the
following polymer classes and/or their copolymer: Poly(4 vinyl pyridine), Polymethacry-
late, Polyacrylate, Polyvinyl pyrrolidone, Polyvinyl alcohol (PVA), Polyethylene glycol.

The membrane element may have at least one membrane property which may depend on
different parameters such as temperature, composition of interstitial fluid, thickness of the
membrane element, aging, swelling degree, mechanical stresses and the like. Changes in
membrane property may result in erroneous measurement results. The term “membrane
property” as used herein is a broad term and is to be given its ordinary and customary
meaning to a person of ordinary skill in the art and is not to be limited to a special or cus-
tomized meaning. The term specifically may refer, without limitation, to an arbitrary phys-
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ical property of the membrane element influencing the determining of the analyte. Specifi-
cally, the membrane property may be permeability of the membrane element. The term
“permeability” as used herein is a broad term and is to be given its ordinary and customary
meaning to a person of ordinary skill in the art and is not to be limited to a special or cus-
tomized meaning. The term specifically may refer, without limitation, to a material param-
eter characterizing transmission properties of the membrane element, specifically passing
of substances through the membrane element. Further specifically, permeability may refer
to permeability for a specific analyte since molecules and ions of the analytes may have
different sizes, shapes and charge. In an embodiment, the permeability refers to the perme-
ability of the membrane for glucose. Permeability of the membrane element can be meas-
urable by determining an electrical resistance of the membrane element, denoted as mem-
brane resistance. Permeability of the membrane element for a specific analyte panayt may
be determined by panaiyt = £¥p, wherein p is the permeability determined via the electrical
resistance of the membrane element and f is a conversion factor. The conversion factor

may be determined in calibration experiments using known glucose values.

Permeability of the membrane element for certain compounds may be proportional to the
membrane’s swelling degree. The swelling degree may correspond to the degree of water
uptake. The swelling degree of the membrane may depend on its hydrophilicity. The mem-
brane’s swelling degree may directly affect the amount and/or mobility and, thus, the per-
meability of the membrane for certain compounds. The conductivity of an electrolyte like
water or bodily fluid, such as interstitial fluid is directly linked to so-called total dissolved
solids whereby ions, such as H+, OH-, Na+, K+, Cl- and other have the most contribution.
Therefore, also the conductivity of the membrane which has taken up water or bodily fluid
such as interstitial fluid also is directly linked to the total dissolved solids. The more charge
carriers are present and the more mobile they are, the lower is the measured electrical re-
sistance, by otherwise constant conditions, such as e.g. cell geometry. Thus, the electrical
resistance, or reversely, electric conductivity of the membrane element may depend on

quantity and mobility of ions present in the membrane.

The continuous analyte monitoring system may comprises at least two serial failure detec-
tion resistors R3, R4 in series with the membrane resistance. Each of the two serial failure
detection resistors may have a known and/or pre-determined resistance value. Step i) may
comprise measuring a base voltage as a first response signal of the continuous analyte
monitoring system. The base voltage may a polarization of the analyte sensor due to the
application of the constant voltage. Specifically, the base voltage corresponds to the con-
stant voltage.
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Step ii) may comprise generating at least one fast-transient voltage signal and applying the
fast-transient voltage signal as a failure detection signal to the measurement electrodes.
The term “fast-transient voltage” as used herein is a broad term and is to be given its ordi-
nary and customary meaning to a person of ordinary skill in the art and is not to be limited
to a special or customized meaning. The term specifically may refer, without limitation, to
at least one arbitrary voltage change in between the two measurement electrodes. The arbi-
trary voltage change may have fast transient signal flanks, in particular two very steep edg-
es The fast-transient voltage may comprise a square wave form and/or a sine wave form.
The fast-transient voltage may comprise a non-continuous signal such as a pulse. Specifi-

cally, the fast-transient voltage may comprise a fast transition square wave.

The term “pulse” as used herein is a broad term and is to be given its ordinary and custom-
ary meaning to a person of ordinary skill in the art and is not to be limited to a special or
customized meaning. The term specifically may refer, without limitation, to a signal hav-
ing a transient change in the amplitude of the signal from a first value, also denoted base-
line value, to a second value, followed by a return to the baseline value or at least approx-
imately to the baseline value. The second value may be a higher or lower value than the
baseline value. A pulse duration may be < 50 us, preferably <20 ps, more preferably < 10
us. The duration of the single pulse must be sufficiently long to be able to record its propa-
gation. The duration of the single pulse must be preferentially short, in order to not excite
the system electrochemically. The fast-transient voltage signal may be applied during at
least one test sequence, for example a time sequence. The fast-transient voltage signal may
be applied repeatedly, in particular periodically. The time distance between the cycles must
be sufficiently long in order to keep the system at its steady-state. The fast-transient volt-
age signal may comprise a repeatable cycle, wherein the repeatable cycle comprises at least
one signal flank. The pulse may comprise two edges: the leading edge or front edge, which
is the first edge of the pulse and the trailing edge or back edge, which is the second edge of
the pulse.

The terms first and second “value” may refer to regions or points of the fast-transient volt-
age, in particular its amplitude. The first value may be the baseline value. The first value
may be a local and/or overall minimum of the fast-transient voltage signal. The first value
may be a first plateau of the fast-transient voltage signal. The first value may refer to a
time point with no voltage is applied to the measurement electrodes. The first value may be
the DC polarization voltage of the analyte sensor. The second value may be a local and/or
overall extremum of the fast-transient voltage signal. The second value may be a second
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plateau of the fast-transient voltage signal, which may be reached during application of the
fast-transient voltage. The second value may be extremum of the fast-transient voltage

signal.

The term “signal flank™ as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term specifically may refer, without limitation, to transi-
tion of a signal amplitude from low to high signal value or from high to low signal value.
The signal flank may be a rising signal flank or a falling signal flank. The signal flank of
the fast-transient voltage signal may have a change in signal from the first value of the sig-
nal flank to the second value of the signal flank in a microsecond to nanosecond range. The
signal flank of the fast-transient voltage signal may have a change in signal from the sec-
ond value of the signal flank to the first value of the signal flank in a microsecond to nano-
second range. The signal flank may also be referred to as edge.

The fast-transient voltage may have a low-to-high transition of a signal amplitude, which is
equivalent to rising or positive signal flank, or high-to-low transition of a signal amplitude,
which is equivalent to falling or negative signal flank. The fast-transient voltage may have
steep edges. The signal flank, in particular edge, of the fast-transient voltage may have a
change from the first value to the second value in a microsecond to nanosecond range. The
signal flank of the fast-transient voltage may have a change from the second value to the
first value in a microsecond to nanosecond range. Specifically, the fast transition square
wave may have a change in voltage from the first value to the second value below or equal
50 ns, preferably below or equal 20 ns. The change in voltage from the first value to the
second value may be even faster and may be only limited by electronics such as by a fast-
transient voltage generator (DAC, DO or others) or a read-out unit (voltage amplifier,
ADC, or others). The faster the change of voltage (higher slew rate) and the sharper the

transition to the plateau, the more precise the membrane property can be determined.

The term “fast-transient” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term specifically may refer, without limitation, to time
range between first and second values of the signal flank. The fast-transient voltage signal
may have a rising signal flank and a falling signal flank. The fast-transient voltage signal
may have steep edges. Specifically, the fast transition square wave may have a change in
signal from the first value of the signal flank to the second value of the signal flank below
or equal 50 ns, preferably below or equal 20 ns. The change in signal from the first value
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of the signal flank to the second value of the signal flank may be even faster and may be
only limited by electronics such as by an analog-to-digital-converter. The faster the flank
and the sharper the transition to the plateau, the more resolution may be between the ohmic

part of the system resistance and the capacitive part of the system capacitance.

The constant voltage may be different to the fast-transient voltage signal. In particular, the
constant voltage may be longer compared to the fast-transient voltage signal. The constant
voltage may be a permanent signal, not a pulsed one. The fast-transient voltage signal may
be a voltage pulse with high frequency that only characterizes the capacitive and ohmic
parts of the electrochemical cell. Therefore, the constant voltage and the fast-transient volt-
age signal may not influence each other, since they have completely different time do-

mains.

The duration of the single fast-transient voltage must be sufficiently long to record the re-
sponse voltage. The duration of the single fast-transient voltage must be sufficiently short,
in order to avoid the system perturbation as explained above.

Without wishing to being bound by theory, the fast-transient voltage or the voltage pulse is
so short, in particular ultrashort, that no faradaic currents are generated and that an electro-
chemical system of the analyte sensor is not disturbed and brought out of equilibrium. The
ultrashort voltage of the fast-transient voltage for determining the membrane property may
allow that a measurement signal for determining the analyte concentration can be undis-
turbed determined. The ultrashort voltage signal may prevent that side reaction occur.
Moreover, the method according to the present invention may allow to stay in the so-called

time domain such that there is no need to transform to the so-called frequency domain.

An amplitude of the fast-transient voltage may vary in a broad range and must be opti-
mized for a given set-up. Generally, the lower limit may be limited by the readout tech-
nique, which must record the response voltage, mostly by its input range and resolution

and may require an additional sufficiently fast voltage amplifier.

The fast-transient voltage may comprise a repeatable cycle, wherein the repeatable cycle
comprises at least one signal edge. The fast-transient voltage may be applied during at least
one test sequence, for example a time sequence. The fast-transient voltage signal may be
applied repeatedly, in particular periodically. The interval between the cycles may be suffi-
ciently long in order to let the double layer capacitance and the shunt capacitor to recharge
to their previous steady-state voltage. The discharge of these capacitances after stop of the
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fast-transient voltage applying, as described above, means current flow opposite to the first

response signal and thus distortion of the signal.

The fast-transient voltage may be applied repeatedly to the measurement electrodes, in
particular in time intervals from minutes to seconds. For example, the fast-transient voltage

signal may be applied repeatedly in 5 minutes-intervals.

The fast-transient voltage signal may be generated by at least one signal generator device,
in particular of the controlling unit such of the MCU. The term “signal generator device”
generally refers to a device, for example a voltage source, being configured to generate a
voltage signal. The “signal generator device” may also be referred to as “voltage generat-
ing device”. The signal generator device may comprise at least one voltage source. The
signal generator device may comprise at least one function generator selected from the
group consisting of: at least one square wave generator and at least one sine wave genera-
tor. The signal generator device may also generate a single pulse which may be unsymmet-
rically. “Unsymmetrically” in this context means that a first pulse may be different from a
second pulse and/or a third pulse and/or any other subsequent pulse. The signal generator
device may be part of measurement electronics of the analyte sensor and/or may be con-
nected to the analyte sensor and may be designed as a separate device. The signal generator
device may be configured for applying the fast-transient voltage signal to the measurement
electrodes. The fast-transient voltage signal may be applied to at least two measurement

electrodes in at least one signal application step.

The term “applying the fast-transient voltage signal to the measurement electrodes” as used
herein is a broad term and is to be given its ordinary and customary meaning to a person of
ordinary skill in the art and is not to be limited to a special or customized meaning. The
term specifically may refer, without limitation, to applying the fast-transient voltage signal

to one of the measurement electrodes, in particular to the working electrode.

Step ii) further may comprise measuring a first membrane response signal with both the
serial resistors R3, Ra as reference and measuring at least one second membrane response
signal between the serial resistors R3, R4 with one of the serial resistors R3, R4 as reference.
The term “membrane response signal” as used herein is a broad term and is to be given its
ordinary and customary meaning to a person of ordinary skill in the art and is not to be
limited to a special or customized meaning. The term specifically may refer, without limi-
tation, to measured propagation of the applied fast-transient voltage signal. The terms

“membrane response signal” and “propagation” are used herein as synonyms. The mem-
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brane response signal may be a change of the applied fast-transient voltage signal. The
membrane response signal may directly or indirectly refer to equivalent series resistance of
the analyte sensor. The membrane response signal may be the ohmic and capacitive char-
acterization of the analyte sensor in its in-vivo surroundings. In particular, the membrane

response signal does not relate to current response.

In a two-electrode sensor, the constant voltage and the fast-transient voltage may be ap-
plied to the same or different measurement electrodes. In a three-electrode system the con-
stant potential difference may be determined and controlled between the working electrode
and the reference electrode. In order to achieve this, the potentiostat may regulate the volt-
age between reference electrode and counter electrode. Thus, the potential of the working
electrode may be determined vs. the reference electrode, but the potential of the working
electrode may be regulated via the working-electrode-counter-electrode-voltage. The fast-
transient voltage signal can be applied between counter electrode and working electrode or
between working electrode and reference electrode or counter electrode and reference elec-
trode.

The failure detection resistors may be selected suitable for determining a value to be meas-
ured such as the electrical resistance of the membrane element. The failure detection resis-
tors must reflect the measurement range of the membrane element. The failure detection
resistors may reflect required measurement tolerances which must be maintained for cor-

rect membrane element resistances.

The fast-transient voltage amplitude may be determined by using the failure detection re-
sistors. Before the application of the fast-transient voltage the potentiostat determines the
base voltage only. During the application of fast-transient voltage, the potentiostat deter-
mines the sum of the base voltage signal and the fast-transient voltage signal. The potenti-
ostat may be configured for determining the propagation of the fast-transient voltage signal
applied to the working electrode. The potentiostat may be configured for determining a
change or difference AVex of the measurement voltage signal at the working electrode be-
fore application of the fast-transient voltage signal and during the application of the fast-
transient voltage signal. The potentiostat may be configured for determining a change or
difference AVpop of voltage at the failure detection resistors before application of the fast-

transient voltage signal and during the application of the fast-transient voltage signal.

The serial resistors R3, R4 may be arranged as follows. A first one of the serial resistors,
e.g. Rs, may be connected to the signal generator device and to the other serial resistor,
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such as Ra. The other serial resistor may be connected to the working electrode and thus, to
the membrane element. As outlined above, step ii) further may comprise measuring a first
membrane response signal with both the serial resistors R3, R4 as reference and measuring
at least one second membrane response signal between the serial resistors R3, R4 with one
of the serial resistors Rs, R4 as reference. As outlined above, the fast-transient voltage may
be generated by using the signal generator device. The continuous analyte monitoring sys-
tem may comprise a further resistance connected to signal the DAC or PWM configured
for preventing that the fast-transient voltage is short-circuit by the output of the DAC or
PWM. The continuous analyte monitoring system may comprise at least one capacitor act-
ing like short circuits for the rising edge of the pulse. So right after the rising edge of the
pulse, an equivalent circuit seeing by the signal generator device can be regarded as made
of three resistors in serial, namely R3, R4 and Rmem. The continuous analyte monitoring
system, in particular the MCU, may comprise at least one second ADC channel (ADC2)
arranged between the working electrode and an input of the serial resistor Ra. The continu-
ous analyte monitoring system, in particular the MCU, may comprise at least one third
ADC channel (ADC3) arranged between the serial resistors R3 and R4. The continuous
analyte monitoring system, in particular the MCU, may comprise at least one fourth ADC
channel (ADC4) arranged between the signal generator device and an input of the serial
resistor Rs. By measuring the voltage with ADC2 and ADC4 and thus with both the serial
resistors Rs, R4 as reference before and after the rising edge of the pulse, it may be possible

to calculate the value of a first membrane resistance Rmem,1, €.g. by

Ruem1 = (Rs+ Ra) - [[ADC2a - ADC2b ) / ((ADC4a - ADC4b ) - (ADC2a - ADC2b ))],

with ADC2b is the voltage converted by ADC2 before the rising edge of the pulse, ADC2a
is the voltage converted by ADC2 after the rising edge of the pulse, ADC4b is the voltage
converted by ADC4 before the rising edge of the pulse, ADC4a is the voltage converted by
ADCH4 after the rising edge of the pulse.

By measuring the voltage with ADC3 and ADC4 and thus with the serial resistors R3 as
reference before and after the rising edge of the pulse, it may be possible to calculate the

value of Rmem+R4, and therefrom a second membrane resistance Rmem2, €.g. by.
Rmem2 = (R3 - [ (ADC3a - ADC3b )/ (( ADC4a - ADC4b ) - (ADC3a - ADC3b ))] ) - R4,

with ADC3b is the voltage converted by ADC3 before the rising edge of the pulse, ADC3a
is the voltage converted by ADC3 after the rising edge of the pulse, ADC4b is the voltage
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converted by ADC4 before the rising edge of the pulse, ADC4a is the voltage converted by
ADCHA4 after the rising edge of the pulse.

Step iii) may comprise determining the first membrane resistance Rmem,1 by evaluating of
the base voltage and the first membrane response signal and determining the second mem-
brane resistance Rmem2 by evaluating of the base voltage and the second membrane re-

sponse signal.

Step iii) may further comprise comparing the first membrane resistance Rmem1 and the sec-
ond membrane resistance Rmem2. A failure may be detected if the first membrane resistance
Rmem,1 and the second membrane resistance Rmem2 deviate from one another more than the
predetermined tolerance. For example, the predetermined tolerance may be +£5 %, prefera-
bly +2 %. Thus, if both of the values of the membrane resistance are the same within toler-

ances the membrane element is functional.

With respect to determining the membrane resistance reference is further made to Europe-
an patent application number 20 162 098.6 filed on March 10, 2020, the content of which

is included herein by reference.

The method may comprise detection a failure of other components of the continuous ana-
lyte monitoring system such as of the signal generator device, the DAC or PWM and/or of
at least one ADC channel. For example, the DAC or PWM may be tested using ADC2,
ADC3 and ADC4 channels. If no failure is detected, the electronics is fully functional.

In a further aspect, a method for determining a concentration of at least one analyte in bod-
ily fluid using at least one continuous analyte monitoring system is disclosed. The method
comprises detecting a failure of at least one component of the continuous analyte monitor-
ing system according to the present invention and according to one or more of the embod-
iments of the method as disclosed above or as disclosed in further detail below. The meth-
od comprises at least one analyte measurement step. In the measurement step the concen-

tration of the analyte is determined.

For definitions of the features of the method and for optional details of the method for de-
termining the concentration of the analyte, reference may be made to one or more of the
embodiments of the method for detecting a failure of at least one component of the contin-
uous analyte monitoring system as disclosed above or as disclosed in further detail below.
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The term “determining a concentration of at least one analyte” generally refers to a quanti-
tative detection of the at least one analyte. As a result of the determination, at least one
signal, such as at least one measurement signal, and/or at least one measurement value may
be produced and/or provided which characterizes an outcome of the determination. The
signal specifically may be or may comprise at least one electronic signal such as at least
one voltage and/or at least one current. 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.

As outlined above, the method comprises at least one analyte measurement step. In the
analyte measurement step the constant voltage may be applied to the working electrode
such that a constant potential may be applied between the working electrode and the coun-
ter electrode such that a current produced at the working electrode flows towards the coun-
ter electrode. The current may be measured at the counter electrode using I/U converter
and an analog to digital converter (ADC) channel. The method furthermore may comprise
at least one evaluation step, wherein current is evaluated. At least one evaluation device
may be used for evaluating the measured current and for determining the concentration of
the analyte therefrom. As used herein, the term “evaluation device” generally refers to an
arbitrary device being configured to derive at least one item of information from data. The
evaluation device may be configured to derive the at least one item of information regard-
ing the presence and/or concentration of the analyte in the bodily fluid from the current. As
an example, the evaluation device may be or may comprise one or more data processing
devices, such as one or more computers, preferably one or more microcomputers and/or
microcontrollers. The evaluation device may comprise one or more integrated circuits,
such as one or more application-specific integrated circuits (ASICs). Additional compo-
nents may be comprised, such as one or more preprocessing devices and/or data acquisition
devices, such as one or more devices for receiving and/or preprocessing of the electrode
signals, such as one or more converters and/or one or more filters. Further, the evaluation
device may comprise one or more data storage devices. Further, as outlined above, the
evaluation device may comprise one or more interfaces, such as one or more wireless inter-
faces and/or one or more wire-bound interfaces. The evaluation device may be a part of
sensor electronics of the continuous analyte monitoring system. The continuous analyte
monitoring system may be configured for communicating with a further device such as for
providing and/or presenting at least one failure detection notification and/or measurement
results. The further device may be or comprise a microprocessor, a cellular phone, a smart
phone, a personal digital assistant, a personal computer, or a computer server.
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The invention further discloses and proposes a computer program including computer-
executable instructions for performing the method for determining a concentration of at
least one analyte and/or the method for detecting a failure of at least one component of the
continuous analyte monitoring system according to the present invention in one or more of
the embodiments enclosed herein, when the program is executed on a computer or compu-
ter network. Specifically, the computer program may be stored on a computer-readable
data carrier. Thus, specifically, one, more than one or even all of method steps, as indicated
above, may be performed by using a computer or a computer network, preferably by using

a computer program.

The invention further discloses and proposes a computer program product having program
code means, in order to perform the method for determining a concentration of at least one
analyte and/or the method for detecting a failure of at least one component of the continu-
ous analyte monitoring system according to the present invention in one or more of the
embodiments enclosed herein, when the program is executed on a computer or computer
network. Specifically, the program code means may be stored on a computer-readable data

carrier.

Further, the invention discloses and proposes a data carrier having a data structure stored
thereon, which, after loading into a computer or computer network, such as into a working
memory or main memory of the computer or computer network, may execute the methods

according to one or more of the embodiments disclosed herein.

The invention further proposes and discloses a computer program product with program
code means stored on a machine-readable carrier, in order to perform at least one of the
methods according to one or more of the embodiments disclosed herein, when the program
is executed on a computer or computer network. As used herein, a computer program
product refers to the program as a tradable product. The product may generally exist in an
arbitrary format, such as in a paper format, or on a computer-readable data carrier. Specifi-

cally, the computer program product may be distributed over a data network.

Finally, the invention proposes and discloses a modulated data signal which contains in-
structions readable by a computer system or computer network, for performing the meth-

ods according to one or more of the embodiments disclosed herein.

Preferably, referring to the computer-implemented aspects of the invention, one or more of
the method steps or even all of the method steps of at least one of the methods according to
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one or more of the embodiments disclosed herein may be performed by using a computer
or computer network. Thus, generally, any of the method steps including provision and/or
manipulation of data may be performed by using a computer or computer network. Gener-
ally, these method steps may include any of the method steps, typically except for method
steps requiring manual work, such as providing the samples and/or certain aspects of per-

forming the actual measurements.

Specifically, the present invention further discloses:

- A computer or computer network comprising at least one processor, wherein the
processor is adapted to perform at least one of the methods according to one of the
embodiments described in this description,

- a computer loadable data structure that is adapted to perform at least one of the
methods according to one of the embodiments described in this description while
the data structure is being executed on a computer,

- a computer program, wherein the computer program is adapted to perform at least
one of the methods according to one of the embodiments described in this descrip-
tion while the program is being executed on a computer,

- a computer program comprising program means for performing at least one of the
methods according to one of the embodiments described in this description while
the computer program is being executed on a computer or on a computer network,

- acomputer program comprising program means according to the preceding embod-
iment, wherein the program means are stored on a storage medium readable to a
computer,

- a storage medium, wherein a data structure is stored on the storage medium and
wherein the data structure is adapted to perform at least one of the methods accord-
ing to one of the embodiments described in this description after having been load-
ed into a main and/or working storage of a computer or of a computer network, and

- a computer program product having program code means, wherein the program
code means can be stored or are stored on a storage medium, for performing at least
one of the methods according to one of the embodiments described in this descrip-
tion, if the program code means are executed on a computer or on a computer net-

work.

In a further aspect of the present invention, a continuous analyte monitoring system for
determining a concentration of at least one analyte in bodily fluid is disclosed. The conti-

nuous analyte monitoring system comprises at least one analyte sensor having at least two
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measurement electrodes. The continuous analyte monitoring system comprises at least one
component and at least one failure detection resistor. The continuous analyte monitoring
system comprises at least one controlling unit. The controlling unit is configured for apply-
ing a constant voltage between the measurement electrodes and for measuring at least one
first response signal. The controlling unit is configured for applying a failure detection
signal distinguishable from the constant voltage and/or from the first response signal in
frequency and/or in height to the continuous analyte monitoring system and for measuring
a response signal to the failure detection signal using the failure detection resistor. The
controlling unit is configured for determining an information depending on at least one
actual property of the component by evaluating the response signal. The controlling unit is
configured for detecting a failure if the information deviates from at least one expected

value more than at least one predetermined tolerance.

The analyte sensor may be a two electrode-sensor or a three electrode sensor. The measu-
rement electrodes may be arranged on opposing sides of the analyte sensor.

The controlling unit may be or may comprise at least one microcontroller unit. The term
“controlling unit” as used herein is a broad term and is to be given its ordinary and cus-
tomary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to at least one
unit of the continuous analyte monitoring system configured for controlling at least one
function of the continuous analyte monitoring system such as regulating the potential,

measuring current, providing a fast-transient voltage, or evaluation.

The continuous analyte monitoring system may be configured for performing the methods
according to the present invention. For definitions of the features of the continuous analyte
monitoring system and for optional details of the continuous analyte monitoring system,
reference may be made to one or more of the embodiments of the methods as disclosed

above or as disclosed in further detail below.

Summarizing and without excluding further possible embodiments, the following embodi-

ments may be envisaged:

Embodiment 1. A method for detecting a failure of at least one component of a continu-
ous analyte monitoring system, wherein the continuous analyte monitoring system
comprises the component and at least one failure detection resistor, wherein the contin-
uous analyte monitoring system comprises at least one analyte sensor comprising at

least two measurement electrodes, the method comprising the following steps:
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i) applying a constant voltage between the at least two measurement elec-
trodes of the analyte sensor and measuring a first response signal,

ii) applying a failure detection signal distinguishable from the constant voltage
and/or from the first response signal in frequency and/or in height to the
continuous analyte monitoring system and measuring a second response
signal to the failure detection signal using the failure detection resistor;

iil)  determining an information depending on at least one actual property of the
component by evaluating the first response signal and the second response
signal, wherein a failure is detected if the information deviates from at least

one expected value more than at least one predetermined tolerance.

Embodiment 2.  The method according to embodiment 1, wherein the component is one
or more of at least one measurement resistance of the continuous analyte monitoring
system and/or at least one membrane element comprised by at least one of the meas-
urement electrodes.

Embodiment 3.  The method according to any one of embodiments 1 or 2, wherein the

constant voltage is about 50 mV.

Embodiment 4.  The method according to any one of embodiments 1 to 3, wherein the
analyte sensor is a two-electrode sensor comprising two measurement electrodes or a
three-electrode sensor comprising three measurement electrodes.

Embodiment 5.  The method according to any one of embodiments 1 or 4, wherein the

analyte sensor 1S an in vivo sensor.

Embodiment 6.  The method according to any one of embodiments 1 to 5, wherein the

method is performed in vivo.

Embodiment 7. The method according to embodiment 2, wherein the component is the
at least one measurement resistance Ri, wherein step 1) comprises applying the constant
voltage between the measurement electrodes and determining a first current I as first
response signal using the measurement resistance Ri1, wherein step ii) comprises apply-
ing a second current Iz as failure detection signal to the continuous analyte monitoring
system and measuring a resulting total current ot as second response signal using the
failure detection resistor Rz, wherein the second current Iz is significantly smaller than

the first current 11, wherein in step iii) a failure is detected if the resulting total current
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Iot deviates more than the predetermined tolerance from a sum of the first current I

and the second current I».

Embodiment 8.  The method according to embodiments 1 to 3, wherein the second cur-

rent I» is around 5 nA or less.

Embodiment9.  The method according to embodiment 2, wherein the component is the
membrane element, wherein the membrane element has a membrane resistance, where-
in the continuous analyte monitoring system comprises at least two serial failure detec-
tion resistors R3, R4 in series with the membrane resistance,

wherein step 1) comprises measuring a base voltage as a first response signal of the
continuous analyte monitoring system,

wherein step ii) comprises generating at least one fast-transient voltage signal and
applying the fast-transient voltage signal as a failure detection signal to the meas-
urement electrodes, wherein step ii) further comprises measuring a first membrane
response signal with both the serial resistors R3, R4 as reference and measuring at
least one second membrane response signal between the serial resistors R3, R4 with
one of the serial resistors R3, R4 as reference,

wherein step iii) comprises determining a first membrane resistance Rmem,1 by eval-
uating of the base voltage and the first membrane response signal and determining a
second membrane resistance Rmem2 by evaluating of the base voltage and the sec-
ond membrane response signal, wherein step iii) further comprises comparing the
first membrane resistance Rmem1 and the second membrane resistance Rmemp2,
wherein a failure is detected if the first membrane resistance Rmem,1 and the second
membrane resistance Rmem2 deviate from one another more than the predetermined

tolerance.

Embodiment 10. The method according to embodiment 9, wherein the fast-transient

voltage signal has a square wave form or a sine wave signal form.

Embodiment 11. The method according to any one of embodiments 9 or 10, wherein
the fast-transient voltage signal comprises a non-continuous signal such as a pulse,

wherein a pulse duration is <20 ps, preferably < 10 ps.

Embodiment 12. A method for determining a concentration of at least one analyte in bod-

ily fluid using at least one continuous analyte monitoring system, wherein the method
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comprises detecting a failure of at least one component of the continuous analyte moni-
toring system according to any one of embodiments 1 to 11, wherein the method com-
prises at least one analyte measurement step, wherein in the measurement step the con-

centration of the analyte is determined.

Embodiment 13. A computer program comprising program means for performing the

method according to any one of embodiments 1 to 11 and/or the method according to
embodiment 12 while the computer program is being executed on a computer or on a

computer network.

Embodiment 14. A continuous analyte monitoring system for determining a concentra-

tion of at least one analyte in bodily fluid, wherein the continuous analyte monitoring
system comprises at least one analyte sensor having at least two measurement elec-
trodes, wherein the continuous analyte monitoring system comprises at least one com-
ponent and at least one failure detection resistor, wherein the continuous analyte moni-
toring system comprises at least one controlling unit, wherein the controlling unit is
configured for applying a constant voltage between the measurement electrodes and for
measuring at least one first response signal, wherein the controlling unit is configured
for applying a failure detection signal distinguishable from the constant voltage and/or
from the first response signal in frequency and/or in height to the continuous analyte
monitoring system and for measuring a response signal to the failure detection signal
using the failure detection resistor, wherein the controlling unit is configured for de-
termining an information depending on at least one actual property of the component
by evaluating the response signal, wherein the controlling unit is configured for detect-
ing a failure if the information deviates from at least one expected value more than at

least one predetermined tolerance.

Embodiment 15. The continuous analyte monitoring system according to embodiment

14, wherein the analyte sensor is a two electrode-sensor or a three electrode sensor.

Embodiment 16. The continuous analyte monitoring system according to any one of em-

bodiments 14 or 15, wherein the measurement electrodes are arranged on opposing

sides of the analyte sensor.

Embodiment 17. The continuous analyte monitoring system according to any one of em-

bodiments 14 to 16, wherein the continuous analyte monitoring system is configured
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for performing the method according to any one of embodiments 1 to 11 and/or the

method according to embodiment 12.

Short description of the Figures

Further optional features and embodiments will be disclosed in more detail in the subse-
quent description of embodiments, preferably in conjunction with the dependent claims.
Therein, the respective optional features may be realized in an isolated fashion as well as in
any arbitrary feasible combination, as the skilled person will realize. The scope of the in-
vention is not restricted by the preferred embodiments. The embodiments are schematically
depicted in the Figures. Therein, identical reference numbers in these Figures refer to iden-

tical or functionally comparable elements.

In the Figures:

Figure 1 shows an embodiment of an equivalent circuit of a continuous analyte moni-
toring system according to the present invention for a two-electrode analyte

Sensor;

Figure 2 shows a flow chart of an embodiment of a method for detecting a failure of
at least one component of a continuous analyte monitoring system and a
method for determining a concentration of at least one analyte in bodily flu-

id using at least one continuous analyte monitoring system; and

Figure 3 shows a further embodiment of an equivalent circuit of the continuous ana-
lyte monitoring system according to the present invention for a three-
electrode analyte sensor.

Detailed description of the embodiments

Figure 1 shows an embodiment of an equivalent circuit of a continuous analyte monitoring
system 110 according to the present invention for a two-electrode sensor 112 comprising
two measurement electrodes 114. The continuous analyte monitoring system is configured
for determining a concentration of at least one analyte in bodily fluid. The analyte may be
an arbitrary element, component or compound which may be present in a bodily fluid and
the concentration of which may be of interest for a user. Specifically, the analyte may be or

may comprise an arbitrary chemical substance or chemical compound which may take part
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in the metabolism of the user, such as at least one metabolite. As an example, the at least
one analyte may be selected from the group consisting of glucose, cholesterol, triglycer-
ides, lactate. Additionally or alternatively, however, other types of analytes may be deter-
mined and/or any combination of analytes may be determined. The bodily fluid may be a
fluid, in particular a liquid, which may typically be present in a body or a body tissue of the
user and/or which may be produced by the body of the user. Preferably, the bodily fluid
may be selected from the group consisting of blood and interstitial fluid. However, addi-
tionally or alternatively, one or more other types of bodily fluids may be used, such as sali-
va, tear fluid, urine or other bodily fluids. During the detection of the at least one analyte,
the bodily fluid may be present within the body or body tissue. Thus, the continuous ana-
lyte monitoring system 110 may, specifically, be configured for detecting the at least one
analyte within the body tissue. The continuous analyte monitoring system 110 may be con-
figured for continuously monitoring the analyte in the bodily fluid of the user. The contin-
uous analyte monitoring system 110 or at least a part of the continuous analyte monitoring
system 110 may remain in the body tissue of the user for a predetermined period of time,
such as for several hours, specifically for one or more days, more specifically for up to one

week, even more specifically for up to two weeks or even more.

The continuous analyte monitoring system 110 comprises the at least one analyte sensor
112 having at least two measurement electrodes 114. In the Figures, sensor contacts are
denoted with reference number 114 for visualization. As the person skilled in the art im-
mediately notices, these contacts are connected to the measurement electrodes 114. The
analyte sensor 112 may be a sensor configured for detecting quantitatively or qualitative at
least one analyte. The analyte sensor 112 may be or may comprise at least one electro-
chemical sensor. The electrochemical sensor may be based on electrochemical measure-
ment principles, such as by using one or more of an amperometric, coulometric or a poten-
tiometric measurement principle. Specifically, the electrochemical sensor may comprise at
least one enzyme configured for performing at least one redox reaction in the presence of
the analyte to be detected, wherein the redox reaction may be detected by electrical means.
The detection of the analyte may comprise an electrochemical detection of an electrochem-
ically detectable property of the analyte by electrochemical means, such as an electrochem-
ical detection reaction. Thus, for example, the electrochemical detection reaction may be
detected by comparing one or more electrode potentials, such as a potential of a working
electrode 116 with the potential of one or more further electrodes such as a counter elec-
trode 118 or a reference electrode 120. The detection may be analyte specific. The detec-

tion may be a qualitative and/or a quantitative detection.
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The analyte sensor 112 may be an in-vivo sensor. The analyte sensor 112 may be config-
ured for being at least partially implanted into a body tissue of a user. The analyte sensor
112 may be a subcutaneous analyte sensor. The analyte sensor 112 may be configured for
implantation into a body tissue of the user. More specifically the analyte sensor 112 may
be configured for continuous monitoring of the analyte. The analyte sensor 112 may be
fully implantable or partially implantable.

The analyte sensor 112 may be a two-electrode sensor comprising two measurement elec-
trodes 114, see Figure 1, or a three-electrode sensor comprising three measurement elec-
trodes 114, see Figure 3. The measurement electrodes 114 may be electrodes which may be
or can be brought in contact with an electrolyte, in particular with a bodily fluid. The at
least two measurement electrodes 114 may be designed such that an electrochemical reac-
tion may take place at one or more of the electrodes 114. Thus, the measurement electrodes
114 may be embodied such that an oxidation reaction and/or reduction reaction may take
place at one or more of the electrodes 114.

One of the measurement electrodes 114 may be designed as working electrode 116. The
working electrode 116 may be an electrode of the analyte sensor 112 which is configured
for measuring a signal, such as a voltage, a current, a charge or electrical/electrochemical
potential, dependent on the degree of an electrochemical detection reaction taking place at
the working electrode 116, for the purpose of detecting the at least one analyte. The work-
ing electrode 116 may comprise at least one test chemical. The working electrode 116 may
fully or partially be covered with at least one test chemical, specifically at least one test
chemical comprising at least one enzyme for detecting the at least one analyte. As an ex-
ample, glucose oxidase (GOx) or glucose dehydrogenase (GDH) may be used. The test
chemical, further, may comprise additional materials, such as binder materials, electrode
particles, mediators or the like. Thus, as an example, the test chemical may comprise at
least one enzyme, carbon particles, a polymer binder and MnQO2 particles. In another pre-
ferred embodiment, the test chemical may comprise an enzyme and a mediator polymer
comprising a polymeric material and a metal containing complex, for example a modified
poly(vinylpyridine) backbone loaded with poly(bi-imidizyl) Os complexes covalently cou-
pled through a bidentate linkage. Further, the at least one test chemical may be comprised
in a single layer, or the test chemical may comprise a plurality of layers, such as one layer
having the at least one enzyme and one or more additional layers having one or more addi-
tional functions, such as one or more diffusion barriers and/or one or more biocompatibil-

ity layers.
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The other one of the measurement electrodes 114 may be designed as counter electrode
118 or auxiliary electrode. The counter electrode 118 may be an electrode adapted for per-
forming at least one electrochemical counter reaction and/or configured for balancing a
current flow due to the detection reaction at the working electrode 116. The counter elec-
trode 118 may be a part of the implanted or partially implanted analyte sensor 112, or may
be an individual electrode, which is either implanted or partially implanted or placed
somewhere else on the body, e.g. on the skin surface. In case of the analyte sensor 112
comprises a two-electrode system as comprising precisely two measurement electrodes
114, the counter electrode 118 may complete the circuit such that charge can flow through
an electrochemical cell given by the working electrode 116, the counter electrode 118 and
an electrolyte, such as the bodily fluid, and may maintain a constant counter electrode po-
tential, also referred to as a constant reference potential, regardless of current. The working
electrode 116 may have a higher potential compared to the other one of the measurement

electrodes of the analyte sensor 112, which is also denoted counter electrode 118.

Additionally, as shown in Figure 3, the analyte sensor 112 may comprise the at least one
reference electrode 120. The reference electrode 120 may be an electrode of the analyte
sensor which is configured to provide an electrochemical reference potential which, at least
widely, is independent of the presence or absence or concentration of the analyte. The ref-
erence electrode 120 may be configured for being a reference for measuring and/or con-
trolling a potential of the working electrode 116. The reference electrode 120 may have a
stable and well-known electrode potential. The electrode potential of the reference elec-
trode 120 may preferably be highly stable. One of the measurement electrodes 114 may
have several functionalities, as for instance, combined reference and counter electrode,
which has both, the function of the reference and counter electrode, which means it pro-
vides a reference potential and balances the current flow from the working electrode 116.

The continuous analyte monitoring system 110 comprises at least one component 122 and
at least one failure detection resistor 124. The component 122 may be one or more of at
least one measurement resistance 126 configured for measurement of a sensor current of
the continuous analyte monitoring system 110 and/or at least one membrane element 128
(showing as equivalent resistance in Figures 1 and 3) comprised by at least one of the
measurement electrodes 114. The failure detection resistor 124 may be at least one resistor
which can be used for failure detection. The failure detection resistor 124 may have a
known, such as predetermined or preknown, resistance value. The resistance value may be
an average value determined, specifically pre-determined, from a plurality of reference

measurements. The resistance value may be selected suitable for determining the failure of
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the respective component such as of the measurement resistance or the membrane element.
The failure may be a deviation from a target value and/or a target behavior. The failure
specifically may refer to a functional failure. The failure may occur due to short circuit,
cracking in the component, aging or the like and may result in false or incorrect detection
of the analyte.

The continuous analyte monitoring system 110 comprises at least one controlling unit 130.
The controlling unit 130 may be or may comprise at least one microcontroller unit. The
controlling unit 130 may be at least one unit of the continuous analyte monitoring system
110 configured for controlling at least one function of the continuous analyte monitoring
system such as regulating the potential, measuring current, providing a fast-transient volt-

age, or evaluation.

The controlling unit 130 is configured for applying a constant voltage between the meas-
urement electrodes 114 and for measuring at least one first response signal. The constant
voltage may be a constant potential difference or polarizing potential of arbitrary height in
between the two measurement electrodes 114. For example, the counter electrode 118 may
be grounded and the constant voltage may be applied to the working electrode 116. For
example, the constant voltage may be about 50 mV. The first response signal may be at
least one current signal or at least one voltage signal generated by the analyte sensor 112 in
a situation of a constant voltage between the at least two measurement electrodes 114.
Other values of constant voltage may be possible. The constant voltage may depend on
chemistry at the measurement electrodes. Selecting suitable constant voltage depending on
the chemistry at the measurement electrodes is known to the person skilled in the art.

The analyte sensor 112 may comprise and/or may be connected to at least one measuring
device and/or may be part of at least one measuring device, in particular at least one poten-
tiostat 132 or galvanostat, configured for detecting the at least one analyte. Operating prin-
ciples of potentiostats and galvanostats are generally known to the person skilled in the art.
The potentiostat 132 may be configured for generating and/or applying the constant volt-
age. By applying a constant voltage a constant potential difference between the measure-
ment electrodes 114 may be achieved. The constant potential difference may also be re-
ferred to as polarization voltage of the analyte sensor 112. In situation of a constant poten-
tial difference between the measurement electrodes 114 a current that is proportional to the
level of glucose present into the body of the user may be flowing into the working elec-
trode 116 and outside of the counter electrode 118. The constant voltage may a continuous

direct current (DC) signal which polarizes an electrochemical cell of the analyte sensor
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112, and serves as the “motor* for the amperometric measurement of the analyte oxidized
by GOx. The constant voltage may be adjusted from time to time or continuously in order
to give the analyte sensor 112 its polarization voltage, preferably, in order to keep the pre-
defined polarization voltage at the analyte sensor 112,

In particular, the potentiostat 132 may be configured for monitoring and maintaining a po-
tential applied at the working electrode 116. The potentiostat 132 may be configured for
monitoring and maintaining the potential between the reference electrode 120 and the
working electrode 116. In Figure 3, the potentiostat 132 may be configured for monitoring
and maintaining the potential between the combined counter-reference electrode 118, 120
and the working electrode 116. The potentiostat 132 may be configured for maintaining the
desired polarization voltage, for example 50 mV, between the counter electrode 118 and
the working electrode 116 or between the working electrode 116 and the combined coun-
ter-reference electrode 118, 120. The current flowing between working electrode 116 and
counter electrode 118 or combined counter-reference electrode 118, 120 may be measured
at the working electrode 116 or counter electrode 118 or combined counter-reference elec-
trode 118, 120. The reference electrode 120 may be used to monitor the potential of the

working electrode 116.

The controlling unit 130 may a digital controlling unit such as at least one microcontroller
unit (MCU) 134. The MCU 134 may be configured for regulating the voltage between the
measurement electrodes 114. The analyte sensor 112 may comprise the MCU 134 and/or
may be directly connectable to the MCU 134. For example, the analyte sensor 112 may
comprise sensor contacts 136 via which the analyte sensor 112, in particular the measure-
ment electrodes can be connected to the MCU 134. Usage of an MCU 134 has several ad-
vantages. Specifically, only very few analogue components are required. Moreover, there
is no need for any voltage regulator or additional voltage reference. The MCU 134 may
comprise a Digital to Analog converter (DAC) or at least one Pulse Width Modulator
(PWM) 138 which is configured for applying the constant voltage to the measurement
electrodes 114. The MCU 134 may comprise a plurality of Analog to Digital channels
(ADC) 140. The MCU 134 may comprise at least one first ADC channel (ADC1) 142 for
determining voltage output at the counter electrode 118. The potential at the counter elec-
trode 118 may be measured and therefore known from the MCU 134. The MCU 134 is
configured for measuring the potential at the counter electrode 118 via the first ADC chan-
nel 142 and to adjust the DAC or PWM 138 in order to get the pre-defined polarization of

the measurement electrodes 114.
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The continuous analyte monitoring system 110 may comprise the at least one measurement
resistance 126 used for measuring the current flowing outside of the counter electrode 118.
The continuous analyte monitoring system 110 may comprise at least one first measure-
ment resistance 144 which may be configured for converting the current flowing out of the
counter electrode 118 into a voltage proportional to the current. The MCU 134 may be
connected to at least one amplifier 146 such as an operational amplifier. The amplifier may
be configured for amplifying the voltage, such as by a constant gain factor, before meas-
urement at the first ADC channel 142. For example, the constant gain may be 45. The
MCU 134 may further comprise at least one output (O1) 148 which, for detection of the
analyte, may be put at ground, i.e. logical 0. The continuous analyte monitoring system
110 may comprise at least one second measurement resistance 150 in parallel to the first
measurement resistance 144 and connected to the output in case of being at logical 0. The
second measurement resistance 150 may have a resistance much higher than the first
measurement resistance 144. Thus, the current from the counter electrode 118 may be
flowing into the first measurement resistance 144 and the second measurement resistance
150. If those two measurement resistances 144, 150 would have known and unchanged
values, it would be possible to calculate the current flowing out of the counter electrode
118 using the ADC1 142 channel by using Ohm’s law.

The controlling unit 130 is configured for applying a failure detection signal distinguisha-
ble from the constant voltage and/or from the first response signal in frequency and/or in
height to the continuous analyte monitoring system 110 and for measuring a response sig-
nal to the failure detection signal using the failure detection resistor 124. The failure detec-
tion signal may be a current or voltage signal distinguishable from the constant voltage
and/or from the first response signal in at least one property which can be used for detect-
ing the failure of the component. The failure detection signal is distinguishable from the
constant voltage and/or from the first response signal in frequency and/or in height. For
example, the failure detection signal may be significantly smaller than the constant voltage
and/or the first response signal. For example, the failure detection signal may be signifi-
cantly shorter such as a pulse than the constant voltage. The second response signal may be
at least one current signal or at least one voltage signal determined using the failure detec-
tion resistor 124 in response to application to the failure detection signal. Specifically, the

second response signal may be measurable by using the failure detection resistor 124.

The controlling unit 130 is configured for determining an information depending on at
least one actual property of the component 122 by evaluating the response signal. The

property of the component 122 may be at least one arbitrary property of the component
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122 influencing the analyte detection. For example, the component 122 may be a meas-
urement resistance 126 and the property may be a resistance value. For example, the com-
ponent may be a membrane element 128 comprised by at least one of the measurement
electrodes 114 and the property may be at least one membrane property. The actual proper-
ty may be a current property of the component 122, which may depend on a status or a
condition of the component 122. The status or condition of the component 122 may change
during time such as due to aging, mechanical influences, temperature influences and the
like. The information depending on the actual property may be an arbitrary information

indicating status or condition of the component 122.

The controlling unit 130 is configured for detecting a failure if the information deviates
from at least one expected value more than at least one predetermined tolerance. The ex-
pected value may be a target value of the component 122. For example, a failure may be
detected if the information deviates from at least one expected value more than +10 %,
preferably £5 %, more preferably £2 %.

Figure 2 shows a flow chart of an embodiment of a method for detecting a failure of at
least one component 122 of the continuous analyte monitoring system 110 and a method
for determining a concentration of at least one analyte in bodily fluid using the at least one

continuous analyte monitoring system 110.

The methods comprise the following method steps:

i) (denoted with reference number 152) applying a constant voltage between the at
least two measurement electrodes 114 of the analyte sensor 112 and measuring the
first response signal,

i1) (denoted with reference number 154) applying the failure detection signal distin-
guishable from the constant voltage and/or from the first response signal in fre-
quency and/or in height to the continuous analyte monitoring system 110 and
measuring the second response signal to the failure detection signal using the fail-
ure detection resistor 124;

ii1) (denoted with reference number 156) determining an information depending on at
least one actual property of the component by evaluating the first response signal
and the second response signal, wherein a failure is detected if the information
deviates from at least one expected value more than at least one predetermined

tolerance.
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Moreover, the method for determining the concentration of the analyte comprises at least
one analyte measurement step 158. In the measurement step the concentration of the ana-
lyte is determined.

Examples of the method steps i) to iii) will be further described with respect to Figures 1
and 3 in the following.

For example, the component 122 may be at least one of the measurement resistances 126
of the continuous analyte monitoring system 110. The measurement resistance 126 may be
a resistor which can be used for determining the current flowing out of the counter elec-
trode 118. The measurement resistance 126 can be used for measurement of a sensor cur-
rent of the continuous analyte monitoring system. As outlined above, the continuous ana-
lyte monitoring system 110 may comprise a measurement resistance 126 which may be
connected to the counter electrode 118 and which may be configured for converting the
current flowing out of the counter electrode 118 into a voltage proportional to the current.
As further outlined above, the MCU 134 may further comprise the at least one output 148
which, for detection of the analyte, may be put at ground, i.e. logical 0. The continuous
analyte monitoring system 110 may comprise the at least one second measurement re-
sistance 150 in parallel to the first measurement resistance 144 and connected to the output
148 in case of being at logical 0. The second measurement resistance 150 may have a re-
sistance much higher than the first measurement resistance 144. Thus, the current flowing
outside of the counter electrode 118 may be flowing into the first measurement resistance
144 and the second measurement resistance 150. The voltage proportional to the current
flowing out of the counter electrode 118 may be measured, such as via the at last one
ADC1 142 channel of the MCU 134. If the value of the first measurement resistance 144
and the second measurement resistance 150 would be known and unchanged, it would be
possible to determine the current flowing into the first measurement resistance 144 from
the measured voltage using Ohm’s law.

The methods may comprise determining if the measurement resistances 126 are correctly
working. The methods may comprise detecting if there is a failure in at least one of the
measurement resistances 126, for example, in the first measurement resistance. For exam-
ple, failure in at least one of the measurement resistances 126 may be detected using the
second measurement resistance 150. Thus, the second measurement resistance 150 may be
used as failure detection resistor 124.
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Step 1) may comprise applying the constant voltage between the measurement electrodes
114 and determining a first current I1 as first response signal using the measurement re-
sistance 126, in this example the first measurement resistance 144. Step ii) may comprises
applying a second current I as failure detection signal to the continuous analyte monitor-
ing system 110 and measuring a resulting total current It as second response signal using
the failure detection resistor 124. The second measurement resistance 150 may be a resistor
arranged in parallel to the first measurement resistance 144. The resistance value of the
failure detection resistor 124 may be higher than the resistance value of the first measure-
ment resistance 144. For example, the resistance value of the failure detection resistor 124
may be around 100 times higher. A small additional current may injected into the first
measurement resistance 144 by using the failure detection resistance 124. As outlined
above, for detecting the at least one analyte, the output 148 normally may be put at ground,
i.e. logical 0. For detecting the failure, a logical 1 may be put on the output 148 which re-
sults in adding a small current flowing over the failure detection resistor 126 into the first
measurement resistance 144. This current may be dependent on the current already flowing
from the analyte sensor 112 and on the values of the failure detection resistor 124 and the
first measurement resistance 144. The second current I may be significantly smaller than
the first current I1. For example, the second current I may be around 5 nA or less, such as
3 nA.

In step ii1) a failure may be detected if the resulting total current It deviates more than the
predetermined tolerance from a sum of the first current I and the second current I. For
example, the predetermined tolerance may be +5 %, preferably +2 %. Specifically, as all
values, the current values 11, Iz and It and the target value of the first measurement re-
sistance 144 and of the failure detection resistor 124, are known it is possible to check if
there is a failure. Thus, by first measuring before application of the additional current and
in response to the additional current, it is possible to checked if the measurement resistanc-
es 126 are working correctly. The proposed technique allows for testing the whole I to U

converter, including the amplifier, and the resistors around it.

For example, the component 122 may be the membrane element 128 comprised by at least
one of the measurement electrodes 114. For example, the membrane element 128 may be
applied to the working electrode 116. The membrane element 128 may have at least one
membrane property. Specifically, the membrane element 128 may have a membrane re-
sistance. The membrane element 128 may comprise at least one polymer. The membrane
element 128 may be applied to the working electrode 116 as thin polymer film. For exam-
ple, the membrane element 128 may be or may comprise Poly-(4-(N-(3-sulfonatopropyl)
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pyridinium)-co-(4vinyl-pyridine)-co-styrene (5%/90%/5%) or hydrophilic Polyurethane
such as HP60D20 available from Lubrizol®. For example, the membrane element 128 may
comprise at least one of the following polymer classes and/or their copolymer: Poly(4 vi-
nyl pyridine), Polymethacrylate, Polyacrylate, Polyvinyl pyrrolidone, Polyvinyl alcohol
(PVA), Polyethylene glycol. The membrane property may be permeability of the mem-
brane element 128. The permeability may be a material parameter characterizing transmis-
sion properties of the membrane element, specifically passing of substances through the
membrane element 128. Further specifically, permeability may refer to permeability for a
specific analyte since molecules and ions of the analytes may have different sizes, shapes
and charge. In an embodiment, the permeability refers to the permeability of the membrane

for glucose.

The continuous analyte monitoring system 110 may comprises at least two serial failure
detection resistors 124 R3, R4 in series with the membrane resistance. Each of the two seri-
al failure detection resistors 124 may have a known and/or pre-determined resistance val-
ue. Step 1) may comprise measuring a base voltage as a first response signal of the contin-
uous analyte monitoring system 110. The base voltage may a polarization of the analyte
sensor due to the application of the constant voltage. Specifically, the base voltage corre-

sponds to the constant voltage.

Step i11) may comprise generating at least one fast-transient voltage signal and applying the
fast-transient voltage signal as a failure detection signal to the measurement electrodes
114. The fast-transient voltage may be at least one arbitrary voltage change in between the
two measurement electrodes 114. The arbitrary voltage change may have fast transient
signal flanks, in particular two very steep edges The fast-transient voltage may comprise a
square wave form and/or a sine wave form. The fast-transient voltage may comprise a non-
continuous signal such as a pulse. Specifically, the fast-transient voltage may comprise a
fast transition square wave. The pulse may be a signal having a transient change in the am-
plitude of the signal from a first value, also denoted baseline value, to a second value, fol-
lowed by a return to the baseline value or at least approximately to the baseline value. The
second value may be a higher or lower value than the baseline value. A pulse duration may
be < 50 ps, preferably <20 pus, more preferably < 10 ps. The duration of the single pulse
must be sufficiently long to be able to record its propagation. The duration of the single
pulse must be preferentially short, in order to not excite the system electrochemically. The
fast-transient voltage signal may have a rising signal flank and a falling signal flank. The
fast-transient voltage signal may have steep edges. Specifically, the fast transition square
wave may have a change in signal from the first value of the signal flank to the second
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value of the signal flank below or equal 50 ns, preferably below or equal 20 ns. The change
in signal from the first value of the signal flank to the second value of the signal flank may
be even faster and may be only limited by electronics such as by an analog-to-digital-
converter. The faster the flank and the sharper the transition to the plateau, the more reso-
lution may be between the ohmic part of the system resistance and the capacitive part of

the system capacitance.

The constant voltage may be different to the fast-transient voltage signal. In particular, the
constant voltage may be longer compared to the fast-transient voltage signal. The constant
voltage may be a permanent signal, not a pulsed one. The fast-transient voltage signal may
be a voltage pulse with high frequency that only characterizes the capacitive and ohmic
parts of the electrochemical cell. Therefore, the constant voltage and the fast-transient volt-
age signal may not influence each other, since they have completely different time do-

mains.

The fast-transient voltage signal may be generated by at least one signal generator device
(Pulse) 160, in particular of the MCU 134. The signal generator device 160 may be a volt-
age source, being configured to generate a voltage signal. The signal generator device 160
may comprise at least one voltage source. The signal generator device 160 may comprise
at least one function generator selected from the group consisting of: at least one square
wave generator and at least one sine wave generator. The signal generator device may also
generate a single pulse which may be unsymmetrically. The signal generator device 160
may be part of measurement electronics of the analyte sensor and/or may be connected to
the analyte sensor 112 and may be designed as a separate device. The signal generator de-
vice 160 may be configured for applying the fast-transient voltage signal to the measure-
ment electrodes 114. The fast-transient voltage signal may be applied to at least two meas-
urement electrodes 114 in at least one signal application step. The applying the fast-
transient voltage signal to the measurement electrodes 114 may comprise applying the fast-
transient voltage signal to one of the measurement electrodes 114, in particular to the

working electrode 116.

Step ii) further may comprise measuring a first membrane response signal with both the
serial resistors R3, Ra as reference and measuring at least one second membrane response
signal between the serial resistors R3, R4 with one of the serial resistors R3, R4 as reference.
The membrane response signal may be a measured propagation of the applied fast-transient
voltage signal. The membrane response signal may be a change of the applied fast-
transient voltage signal. The membrane response signal may directly or indirectly refer to
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equivalent series resistance of the analyte sensor 112. The membrane response signal may
be the ohmic and capacitive characterization of the analyte sensor 112 in its in-vivo sur-

roundings. In particular, the membrane response signal does not relate to current response.

In a two-electrode system (Figure 1), the constant voltage and the fast-transient voltage
may be applied to the same or different measurement electrodes 114. In a three-electrode
system (Figure 3), the constant potential difference may be determined and controlled be-
tween the working electrode 116 and the reference electrode 120. In order to achieve this,
the potentiostat may regulate the voltage between reference electrode 120 and counter elec-
trode 118. Thus, the potential of the working electrode 116 may be determined vs. the ref-
erence electrode 120, but the potential of the working electrode 116 may be regulated via
the working-electrode-counter-electrode-voltage. The fast-transient voltage signal can be
applied between counter electrode 118 and working electrode 116 or between working
electrode 116 and reference electrode 120 or counter electrode 118 and reference electrode
120.

The failure detection resistors 124 may be selected suitable for determining a value to be
measured such as the electrical resistance of the membrane element 128. The failure detec-
tion resistors 124 must reflect the measurement range of the membrane element. The fail-
ure detection resistors124 may reflect required measurement tolerances which must be

maintained for correct membrane element resistances.

The fast-transient voltage amplitude may be determined by using the failure detection re-
sistors 124. Before the application of the fast-transient voltage the potentiostat determines
the base voltage only. During the application of the fast-transient voltage, the potentiostat
132 determines the sum of the base voltage signal and the fast-transient voltage signal. The
potentiostat 132 may be configured for determining the propagation of the fast-transient
voltage signal applied to the working electrode 116. The potentiostat 132 may be config-
ured for determining a change or difference AVex of the measurement voltage signal at the
working electrode 116 before application of the fast-transient voltage signal and during the
application of the fast-transient voltage signal. The potentiostat 132 may be configured for
determining a change or difference AVpop of voltage at the failure detection resistors 124
before application of the fast-transient voltage signal and during the application of the fast-

transient voltage signal.

The serial resistors R3, R4 may be arranged as follows. A first one of the serial resistors,
e.g. R3, may be connected to the signal generator device 160 and to the other serial resistor,
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such as R4. The other serial resistor R4 may be connected to the working electrode 115 and
thus, to the membrane element 128. As outlined above, step ii) further may comprise
measuring a first membrane response signal with both the serial resistors R3, R4 as refer-
ence and measuring at least one second membrane response signal between the serial resis-
tors R3, R4 with one of the serial resistors R3, R4 as reference. As outlined above, the fast-
transient voltage may be generated by using the signal generator device 160. The continu-
ous analyte monitoring system 110 may comprise a further resistance Rs connected to sig-
nal the DAC or PWM 138 configured for preventing that the fast-transient voltage is short-
circuit by the output of the DAC or PWM 138. The capacitors C1, C2 and Cdl may act like
short circuits for the rising edge of the pulse. So right after the rising edge of the pulse, an
equivalent circuit seeing by the signal generator device 160 can be regarded as made of
three resistors in serial, namely R3, R4 and Rmem. The continuous analyte monitoring sys-
tem 110, in particular the MCU 134, may comprise at least one second ADC channel
(ADC2) 162 arranged between the working electrode 116 and an input of the serial resistor
R4. The continuous analyte monitoring system110, in particular the MCU 134, may com-
prise at least one third ADC channel (ADC3) 164 arranged between the serial resistors Rs3
and R4. The continuous analyte monitoring system 110, in particular the MCU 134, may
comprise at least one fourth ADC channel (ADC4) 166 arranged between the signal gener-
ator device 160 and an input of the serial resistor R3. By measuring the voltage with ADC2
162 and ADC4 166 and thus with both the serial resistors R3, Rs as reference before and
after the rising edge of the pulse, it may be possible to calculate the value of

a first membrane resistance Rmem,1, €.g. by

Ruem1 = (R3+ R4) - [[ADC2a - ADC2b ) / (( ADC4a - ADC4b ) - ( ADC2a - ADC2b ))]

with ADC2b is the voltage converted by ADC2 before the rising edge of the pulse, ADC2a
is the voltage converted by ADC2 after the rising edge of the pulse, ADC4b is the voltage
converted by ADC4 before the rising edge of the pulse, ADC4a is the voltage converted by
ADCA4 after the rising edge of the pulse. By measuring the voltage with ADC3 164 and
ADCA4 166 and thus with the serial resistors Rs3 as reference before and after the rising edge
of the pulse, it may be possible to calculate the value of Rmem+R4, and therefrom

a second membrane resistance Rmemp2, €.g. by.
Rmem2 = (R3 - [ (ADC3a - ADC3b )/ (( ADC4a - ADC4b ) - (ADC3a - ADC3b ))]) - R4

with ADC3b is the voltage converted by ADC3 before the rising edge of the pulse, ADC3a
is the voltage converted by ADC3 after the rising edge of the pulse, ADC4b is the voltage



10

15

20

25

30

35

WO 2022/058255 PCT/EP2021/075027

-47 -

converted by ADC4 before the rising edge of the pulse, ADC4a is the voltage converted by
ADCHA4 after the rising edge of the pulse.

Step iii) may comprise determining the first membrane resistance Rmem,1 by evaluating of
the base voltage and the first membrane response signal and determining the second mem-
brane resistance Rmem2 by evaluating of the base voltage and the second membrane re-
sponse signal. Step iii) may further comprise comparing the first membrane resistance
Rumem,1 and the second membrane resistance Rmem2. A failure may be detected if the first
membrane resistance Rmem1 and the second membrane resistance Rmem?2 deviate from one
another more than the predetermined tolerance. For example, the predetermined tolerance
may be £5 %, preferably +2 %. Thus, if both of the values of the membrane resistance are

the same within tolerances the membrane element is functional.

With respect to determining the membrane resistance reference is further made to Europe-
an patent application number 20 162 098.6 filed on March 10, 2020, the content of which
is included herein by reference.

The method may comprise detection a failure of other components 122 of the continuous
analyte monitoring system 110 such as of the signal generator device 160, the DAC or
PWM 138 and/or of at least one ADC channel 140. For example, the DAC or PWM 138
may be tested using ADC2, ADC3 and ADC4 140 channels. If no failure is detected, the

electronics is fully functional.

Figure 3 shows a further embodiment of an equivalent circuit of the continuous analyte
monitoring system 110 according to the present invention for a three-electrode analyte sen-
sor 112. With respect to description of elements of the continuous analyte monitoring sys-
tem 110 reference is made to the description of Figure 1 with the difference that in Figure
3 a third electrode, the reference electrode 130 is used. A further amplifier (Amp2) 168 is
connected to the reference electrode 120. Instead of putting on the working electrode 116
to 50 mVolts more than the potential of the counter electrode 118, in Figure 3, the working
electrode 116 is put 50mVolts more than the voltage of the reference electrode 120. More-
over, the continuous analyte monitoring system 110 comprises a further output O2 170
which may be normally put in three states. Thus, this line is floating, like if it was not con-
nected to anything. As no current is flowing into R6 and R7, Amp2 is a voltage follower,
this means that the output has the same voltage as the minus input.
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The detecting the failure of the components 122 of the continuous analyte monitoring sys-
tem 110 may be exactly the same as for a two-electrode sensor 112. For the three-electrode
system, however, there may be need for also testing the amplifier Amp2 168. A failure of
Amp2 168 would result in applying a wrong polarization voltage on the analyte sensor 112
and the current, and thus the analyte detection, would be incorrect. To test Amp2 168, the
output O2 170 may be put to ground. Amp2 168 may in this situation function as a voltage
amplifier and no more a voltage follower. The amplification factor may be 1 + R6 / R7.
For example, R7 may be 56 kQ and R6 may be 5.6 kQ. The amplifier 168 may be connect-
ed to a fifth ADC channel (ADCS5) 172. For example, the ADC5 172 may measure 300 mV
when O2 170 is in three states and the amplifier Amp2 168 is just a voltage follower.
When O2 170 is put at ground, the amplifier Amp2 168 is becoming an amplifier with a
factor of 1.1. So if ADCS5 172 is measuring 330 mV when O2 170 is put at ground, this
would imply that the amplifier Amp2 is correctly working.
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List of reference numbers

110 continuous analyte monitoring system,

112 analyte sensor

114 measurement electrodes

116 working electrode

118 counter electrode

120 reference electrode

122 component

124 failure detection resistor

126 measurement resistanc

128 membrane element

130 controlling unit

132 potentiostat

134 microcontroller unit

136 sensor contacts

138 Digital to Analog converter (DAC) or at least one Pulse Width Modulator
(PWM)

140 Analog to Digital channel

142 first ADC channel

144 first measurement resistance

146 amplifier

148 output O1

150 second measurement resistance

152 Step 1)

154 Step ii)

156 Step 1ii)

158 analyte measurement step

160 signal generator device

162 second ADC channel

164 third ADC channel

166 fourth ADC channel

168 amplifier Amp2

170 output O2

172 fifth ADC channel
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Claims

A method for detecting a failure of at least one component (122) of a continuous
analyte monitoring system (110), wherein the continuous analyte monitoring system
(110) comprises the component (122) and at least one failure detection resistor (124),
wherein the continuous analyte monitoring system (110) comprises at least one analyte
sensor (112) comprising at least two measurement electrodes (114), the method com-
prising the following steps:

i) applying a constant voltage between the at least two measurement elec-
trodes (112) of the analyte sensor (114) and measuring a first response sig-
nal,

i) applying a failure detection signal distinguishable from the constant voltage
and/or from the first response signal in frequency and/or in height to the
continuous analyte monitoring system (110) and measuring a second re-
sponse signal to the failure detection signal using the failure detection resis-
tor (124);

iii) determining an information depending on at least one actual property of the
component (122) by evaluating the first response signal and the second re-
sponse signal, wherein a failure is detected if the information deviates from

at least one expected value more than at least one predetermined tolerance.

The method according to claim 1, wherein the component (122) is one or more of at
least one measurement resistance (126) of the continuous analyte monitoring system
(110) and/or at least one membrane element (128) comprised by at least one of the

measurement electrodes (114).

The method according to any one of claims 1 or 2, wherein the constant voltage is
about 50 mV.

The method according to any one of claims 1 to 3, wherein the analyte sensor (112)
is a two-electrode sensor comprising two measurement electrodes (114) or a three-
electrode sensor comprising three measurement electrodes (114).

The method according to any one of claims 1 or 4, wherein the analyte sensor (112)

is an in vivo sensor.



10

20

25

30

35

WO 2022/058255 PCT/EP2021/075027

6.

-51 -

The method according to any one of claims 1 to 5, wherein the method is performed

in vivo.

The method according to claim 2, wherein the component (122) is the at least one
measurement resistance Ri1 (126), wherein step 1) comprises applying the constant
voltage between the measurement electrodes (114) and determining a first current I1 as
first response signal using the measurement resistance Ri1 (126), wherein step ii) com-
prises applying a second current Iz as failure detection signal to the continuous analyte
monitoring system (110) and measuring a resulting total current it as second response
signal using the failure detection resistor R2 (124), wherein the second current Iz is
significantly smaller than the first current I1, wherein in step iii) a failure is detected if
the resulting total current It deviates more than the predetermined tolerance from a

sum of the first current I1 and the second current I».

The method according to claim 7, wherein the second current I» is around 5 nA or

less.

The method according to claim 2, wherein the component (122) is the membrane
element (128), wherein the membrane element (128) has a membrane resistance,
wherein the continuous analyte monitoring system (110) comprises at least two serial
failure detection resistors R3, R4 in series with the membrane resistance (110), wherein
step 1) comprises measuring a base voltage as a first response signal of the continuous
analyte monitoring system (110), wherein step i1) comprises generating at least one
fast-transient voltage signal and applying the fast-transient voltage signal as failure de-
tection signal to the measurement electrodes (114), wherein step ii) further comprises
measuring a first membrane response signal with both the serial resistors Rs, R4 as ref-
erence and measuring at least one second membrane response signal between the serial
resistors R3, Ra with one of the serial resistors Rs, Ra as reference, wherein step iii)
comprises determining a first membrane resistance Rmem1 by evaluating of the base
voltage and the first membrane response signal and determining a second membrane
resistance Rmem2 by evaluating of the base voltage and the second membrane response
signal, wherein step iii) further comprises comparing the first membrane resistance
Rumem,1 and the second membrane resistance Rmem2, Wherein a failure is detected if the
first membrane resistance Rmem,1 and the second membrane resistance Rmem?2 deviate

from one another more than the predetermined tolerance.
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The method according to claim 9, wherein the fast-transient voltage signal has a

square wave form or a sine wave signal form.

The method according to any one of claims 9 or 10, wherein the fast-transient volt-
age signal comprises a non-continuous signal such as a pulse, wherein a pulse duration

is <20 ps, preferably < 10 ps.

A method for determining a concentration of at least one analyte in bodily fluid
using at least one continuous analyte monitoring system (110), wherein the method
comprises detecting a failure of at least one component (122) of the continuous analyte
monitoring system (110) according to any one of claims 1 to 11, wherein the method
comprises at least one analyte measurement step, wherein in the measurement step the

concentration of at least one analyte is determined.

A continuous analyte monitoring system (110) for determining a concentration of at
least one analyte in bodily fluid, wherein the continuous analyte monitoring system
(110) comprises at least one analyte sensor (112) having at least two measurement
electrodes (114), wherein the continuous analyte monitoring system (110) comprises at
least one component (122) and at least one failure detection resistor (124), wherein the
continuous analyte monitoring system (110) comprises at least one controlling unit
(130), wherein the controlling unit (130) is configured for applying a constant voltage
between the measurement electrodes (114) and for measuring at least one first response
signal, wherein the controlling unit (130) is configured for applying a failure detection
signal distinguishable from the constant voltage and/or from the first response signal in
frequency and/or in height to the continuous analyte monitoring system (110) and for
measuring a response signal to the failure detection signal using the failure detection
resistor (124), wherein the controlling unit (130) is configured for determining an in-
formation depending on at least one actual property of the component by evaluating the
response signal, wherein the controlling unit (130) is configured for detecting a failure
if the information deviates from at least one expected value more than at least one pre-

determined tolerance.

The continuous analyte monitoring system (110) according to claim 13, wherein the
continuous analyte monitoring system (110) is configured for performing the method

according to any one of claims 1 to 11 and/or the method according to claim 12.



