AS ORI G NALLY FILED 5 Ccul ar sensor for verification of an analyte in an eye
fluid Field of the invention 1o The invention relates to an ocul ar sensor
for verification of at | east one anal-yite in an eye fluid, for exanple in
tear fluid, interstitial eye fluid or aqueous hunour. The invention al so
relates to a neasurenent systemfor verification of an analyte in an eye
fluid. Ccul ar sensors and neasurenent systens such as these are used in
particular for nedical di agnds ORIGINADAYMIEEDor verification and/or for
guantitative nmeasurenment of a glucose concentration. However, other 15
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t he bl ood gl ucose concentrati on and appropriate nedication are an essenti al
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concentratlon must rnlne qU|c easl everal times a day,
for exanple 2 to 7 tinmes a day, in order t
appropriate nedi cal neasures where necessary, for exarrpl e to i nject an

appropriate dose of insulin. In addition to nmanual injection, nedication is
al so %@i&ﬁﬁ?ﬂmﬁ%y cases by nmeans of automatic systems, in particular
using insulin punps. 25 Conventi onal systens for determ nation of the blood
gl ucose concentration are general based _on the patient_ or doctor
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safpl applicaipnoorsanakytesi ane also fe@sibie. mi ni mal - i nvasi ve t echnol ogi es have been
devel oped 35 for neasurenent of bl ood glucose concentrations. One

technol ogy is based on the neasurenent of glucose in eye fluids, for exanple
tear frigrdrt aqueous humour or interstitial fluid. By way of exarrpl e, WO
01/ 13783 descri bes an ocul ar sensor for glucose, which is in the formof an

eye |ens. The ocul ar sensor conprises a glucose receptor which is marked
wi t h dbeidetsrmmation efdehieod glagnse congeatration dppRTopsiRisaRedieation g amessentiphr ked
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cases by means of automatic systems, in particular using insulin pumps.
25
Conventional systems for determination of the blood glucose concentration are generally based
on the patient or doctor perforating a skin area, for example by means of a suitable lancet system,
and thus generating a blood sample. This sample is then analysed by means of suitable
measurement methods, for example optical and/or electrochemical measurement methods, for its
30  blood glucose content. In addition to verification using blood, verification can also be achieved
using other bodily fluids, for example using urine.

In order to reduce the unpleasant aspects for the patient associated with the frequent generation

- of blood samples, various non-invasive or minimal-invasive technologies have been developed

35  for measurement of blood glucose concentrations. One technology is based on the measurement
of glucose in eye fluids, for example tear fluid, aqueous humour or interstitial fluid. By way of
example, WO 01/13783 describes an ocular sensor for glucose, which is in the form of an eye

lens. The ocular sensor comprises a glucose receptor which is marked with a first fluorescence
label, and a glucose competitor, which is marked with the second fluorescence label ("Donor").



gl ucose can be neasured by nonitoring the change in the fluorescence
intensity at a wavelength 5 around the fluorescence maxi num of the
guenchabl e fluorescence label. In thig_way, the glucose concentration in
the eye fluid can be determ ned. This neasurenent can in turn be used to
deduce the bl ood glucose concentration fromit. Qher types of verification
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or derflvJetseReeldh® or to reduce this restriction or difficulty, various
ofat i ons have been devel oped for in-vivo nmeasurenent. The already cited WO
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many adbesanmestiméso not de5|rable. In order to achi eve good p05|t|on|ng
agcuracy, sinple mechanical spacers would have to be set to the individual
requi renents, and are therefore not suitable for nmass productlon 30 A
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In the case of in-vivo diagnosis, the measurement signal frequently depends not only on the
25 analyte concentration but also on the relative position of the instrument with respect to the
measurement location. On the other hand, mechanically permanent fixing of the instrument to
the patient is not possible, and in many cases is also not desirable. In order to achieve good
positioning accuracy, simple mechanical spacers would have to be set to the individual
requirements, and are therefore not suitable for mass production.
30
A further problem of many spectroscopic in-vivo measurement systems is the comparatively
poor spectroscopic contrast between the measurement signal and the background. In many cases,
this requires complex calibration, which frequently depends on the exact position, since the
spectral background depends on the exact positioning (for example because of the different
35  scattering behaviour of different tissue types and blood vessel types, the fluctuating tissue
thickness and the tissue density, etc.). Measurement systems such as these therefore require

reproducibly accurate positioning of the measurement system.



WO 2004/ 071287 di scl oses a fluorescence photoneter which operates by nmeans
;of two different beans and allows correct positioning of the instrunent in
. front of the eye. A first fluorescence of the pupil is excited by neans of
a pilot beam fromwhich first fluorescence a distance is determ ned

between the fluorescence photometer and the eye. Wen a correct distance is
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21. Advant ageous devel opnents of the invention are described in the 25

depenwé_%mg‘ch can be inplenented both individually and in

comnbi f YR another. An ocul ar sensor is proposed for verification

of at least one analyte in an eye fluid. This ocular sensor is in th| S case
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the lower conjunctival sac). In both preferred cases, materials are

preferably used which are bio 35 conpatible, that is to say which are not
t 0% ¢ and which do not dissolve, are thenselves not damaged or rel ease

toxic géglgﬁ?@(;}pes when used in the eye or when inplanted in the eye. Wth
regar 0 e configuration of an eye lens, reference may be nmade, for
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according to Claim 21. Advantageous developments of the invention are described in the
25  dependent claims, which can be implemented both individually and in combination with one
another.

An ocular sensor is proposed for verification of at least one analyte in an eye fluid. This ocular
sensor is in this case designed such that it can be brought into contact with the eye fluid, this

30 ocular sensor being designed appropriately for this purpose and produced using suitable
materials. It is particularly preferable for the ocular sensor to comprise an eye lens (in particular
a neutral or corrective contact lens). Alternatively or additionally, the ocular sensor may also
comprise an eye implant and/or an inlay (for example for accommodation in the lower
conjunctival sac). In both preferred cases, materials are preferably used which are bio-

35 compatible, that is to say which are not toxic and which do not dissolve, are themselves not
damaged or release toxic substances when used in the eye or when implanted in the eye. With
regard to the configuration of an eye lens, reference may be made, for example, to WO
01/13783. With regard to analytes to be verified, reference can also be made, for example, to the
disclosure in this document.



-4- The ocul ar sensor according to the invention has at | east one sensor
material which is designed to change at | east one optical characteristic in
. the presence of the at | east one analye to be verified. By way of exanple,
this at | east one optical characteristic nmay be a col our which changes in a
5 correspondi ng manner in the presence of the analyte. However, it is
particul arly preferable for t he at Ieast one optical characteristic to be
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invention is also pr0v1ded with at least one sensor Chlp In pamculax this sensor chip may be an

| east

application-specific integrated circuit (ASIC), or the sensor chip may have such an ASIC. Other
types of sensor chip are also feasible, for example conventional ICs, and/or the combined use of
30  a plurality of sensor chips. The use of alternative chip technologies is also feasible, for example
the use of organic electronics, for example the use of organic transistors (for example polymer
transistors) and/or hybrid technologies of organic and inorganic materials. ASICs may, however,
preferably be produced on the basis of silicon chips or other semiconductor materials. Modern
manufacturing methods make it possible to produce thin sensor chips, for example sensor chips
35  with a thickness of 200 to 400 pm, for example 250 um, and with lateral dimensions in the
region of a few mm. Chips such as these can therefore be implanted without any problems in a

human eye, for example in conjunctival tissue, and/or can be accommodated in an eye lens.



human eye, for exanple in conjunctival tissue, and/or can be accommobdated in
an eye lens. -5 According to the invention, the sensor chip has at |east
one integrated optical detector for _4erification of the optica
characteristic of the sensor material. For exanple, the optical detector

may conprise one or nore photodi odes which can detect |um nescence |ight
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pref eﬁr@i%lra%le for the sensor material to be contained entirely or partially in the carrier material. For

example, the sensor material may be mixed into the carrier material, dissolved in it or may be

entirely or partially a component of this carrier material (for example in the form of functional

groups which are bound to a matrix material of the carrier material). An implementation in

30  microcapsules is also feasible, which can then in turn, for example, be dispersed into the carrier
material. Combinations of the said techniques are also feasible.

In this case, the carrier material should comprise a material which is at least partially permeable
for the analyte, for example a porous material, or a material which has a high diffusion
35  coefficient for the analyte to be verified. In particular, it should be ensured that an adequate
amount of the analyte can come into contact with the sensor material. It is particularly preferable
to use a hydrogel. In this case, it is preferable, particularly for use in an eye lens and/or in an
implant, for the carrier material to have deformable, in particular flexible, characteristics. At



to use a hydrogel. In this case, it is preferable, particularly for use in
an eye lens and/or in an inplant, for the carrier material to have
deformable, in particular flexible, characteristics. At -6 |east partial
optical transparency is also desirable, particularly when external
excitation light, for exanple daylight, is used for the analyte
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the at least one optical detector, this excitation light source may be reduced, for example, by

means of known techniques, and can preferably be integrated in an ASIC. However, in addition

to the use of conventional inorganic semiconductor techniques, it is also possible to use other

30 techniques, for example techniques which make use of organic semiconductor technology and,
for example, comprise organic integrated circuits and/or organic light-emitting diodes and/or
organic photodetectors.

The ocular sensor is in this case designed such that it allows the sensor material to be excited by
35  the excitation light source. In addition to the option mentioned above for integration of the
excitation light source, it is, however, also possible to use external light sources as the excitation
light. Because of its availability, daylight in particular can be used as excitation light. This option
can be implemented particularly easily, since daylight has a wide spectrum and since there is
therefore no need for an internal power supply for the excitation light source. However, the term
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25  background filter may, however, also be entirely or partially in the form of a component of the

carrier material, for example by mixing a dye which acts as an absorption filter into the carrier
material, or dissolving such a dye therein. Once again, however, a direct chemical
implementation in the carrier material is also possible, for example in the form of appropriate
functional groups in the carrier material.

30
As a forther (alternative or additional) measure to improve the signal quality of the ocular sensor,
a sensor filter may be provided which is designed specifically to promote the measurement of the
optical characteristic but to suppress other components that contribute to the signal. When using
a luminescent sensor material, for example, the sensor filter may comprise a bandpass filter

35 and/or an edge filter, which is designed and arranged to transmit luminescence light from the
sensor material (that is to say to pass at least part of it through, preferably with a transmission of
greater than 50%), while in contrast light at a wavelength outside the wavelength range of the
luminescence (that is to say outside a predetermined wavelength range around the maximum of
the luminescence) is at least partially suppressed (that is to say for example is transmitted with a
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In this case, the ocular sensor may also comprise at least one optical reference detector, for
example once again a photodiode. Once again, this optical reference detector can preferably be

30 integrated in the sensor chip, in which case the statements made above with regard to the optical
detector apply analogously. This optical reference detector should be designed to measure the
optical characteristic of the reference material, for example the analyte-independent fluorescence
of the reference material.

35 In order to improve the reference signal generated by this optical reference detector and to at
least largely remove interference components from it, it is also possible to provide at least one
reference filter. Once again, for example, this may be a bandpass filter and/or an edge filter. This
filter should be designed such that the luminescence of the reference material is at least largely
transmitted (that is to say preferably with a transmission of more than 50%), and can therefore



exanpl e once agai n a photodi ode. Once again, this optical reference detector
can preferably be 30 integrated in the sensor chip, in which case the
statenents nade above with regard to ¢ he optical detector apply anal ogously.
This optical reference detector should be designed to neasure the optical
characteristic of the reference material, for exanple the

anal yiggd afi%eeﬂﬂ*&eﬁcef LeREBS Cﬁgﬁ@at waéd%fengﬁi‘ 65@121@%%%@4@ gk broghger to

i nprove the reference signal (enerat.ed tical reference det ect or
and trefegance |laminescencg hat (g rfevs@yl tgifle ew éemgé Wblﬁgo‘ﬁd?{?%et?ff%ﬂ?q aroungd the g) 5o

{)ﬁss lr@ﬁeeent:@ mihgiebgacatm#:@ﬁﬁhl) Qiih@lél/dr Bf gheRsR Bef |si|;11;51fress€m C’Fhl@gﬂis?]r,es ftﬂéthm?gplbe
I'S an ass | er a or ..an e e I er | | er ou e
s GRELEnSE dRePRn eorRger. dhleatoBBHaUp s P ates L hih B depnde8l oy Pl

I ﬁr getheyexdnraamgI iitérisérst of tieadxcitatidroligtayThis edfereadd sagm:cl ichn Be Uﬁm;llﬁfrbﬁaﬂmﬂmnm'fh mor e

t han 0 a can ther.efor - arri at .the ref.erence ctor t at
L naBY steyefome 8 aplEceh B RhmplinE el kS ordemieE P Montalce

(t hatorder ihahisayayg doisextenpde, rtangakevin lpombls tpcadelher an almldiytalconmmlhrm imr thEer ence

| um Q:S%?ﬁlﬂf %%é%g% hgxng}él qt srhlstorBoﬁixlB‘%%S ?ggn}jﬁg@@nﬁﬁéfﬁaﬂ-ﬁoﬁ SRS that

t he er enc or generat eas erence
signal which is dependent only on 5 the excitation intensity of the

exci t@&clfrﬁgtlJeu)ﬁ Bt in I&mﬁ &feelﬁg%fsa' eﬁ@&n&%&ﬁbum@ ajserpo%yla euet%adef the

si gnha rom |ca etector, for exa y relating nals to
one mﬂémkgrou@f detectpn Fonexamply, thdenasesngém Rega Hmé@dlpﬂe péeasatpd i ¢
calc thi’ﬁ qn %@}ﬁ@dsy&e HRVE @tafehehts%pwaﬂan%ouﬁyenﬂlb BhékgrdMl ddedentdré@bvd be

however, Is al so possible to use | ex evalutlon a&%?rrlth . to

Al ter 'tgil% [} M§ASULe, aB dpfeRstiyPlithe F%Rétau%?laht eFREHANE %i@tfé't\)f erphlyibe g) so
possithé ecthg esxrcnmﬁ&eh us€@Pid O@lte BaceasQ@UNsleiAt@alopthe fefireéanimeral, thai B may

hot d d t t in t hip, i ich t b
Pat dhet oriieribyanary Refih BB der gt s cRerg b e Rompe Ban i gnad
to ][re(éauezeanmie idayiegis). t]]misﬁbatltgom(b‘sigﬂzlﬂi mﬁt dls@lohce apaia texusdedatoi determighta may
era actual ~excitation |igl .t0 S r
ﬁ?ra'? er{° Pe aﬁ‘gp 8r° Eﬁeaﬁ%ﬁg’r ence { e?l}cgla,gg]tn hba?%J ﬁ’%%"'i% ? gﬁ?o éFt S?gne%?( arr?grf gle
envi repticehdeiectos gtctthwrhackgrbumi agn:daMord:)eempfekletvehlatiomgllgphémtmamkghmm@rf ilter
(for %@%R&e agﬁb{'fé%mlé fof xS iﬁtgrl%gflﬂ‘ éft?tgo?lnlé ésfﬁ BRYef t@%ﬁhﬁmﬂé‘ used

to d erm ne conceﬁtratlon he ana e once again y

2 mi bagkaropad pigndf t he si gnal from t he opt I cal detector and the background
signal. Mre conplex evaluation algorithns are, however, also once again
feasible, for exa | e the use_of the excitation light, in order to elimnate

a  20npsditiandarike gqflgﬁalpnts descaibed ebove. festhen adyantasseredivelopasals afdhe apbve

f ur t hehs@tira IMRHED For @ﬁMﬁbl@Pﬁ@@érﬁetﬁft strh@tufecmb%e pﬁ&ﬁé&I which Haeamght Brap. For

exan% eonetf?l (giu ructure rrﬁ%/1 pr.ovi d Jér has a lig hft P By
Yé‘ﬂ?é(r?% cgamp ¥ Hightrapmayy S}ESb?éleGé% F'@Rf%ﬁst CELBPISBUSION ¢ eeét’ltat on

t zanshigiga s iro parditulax of uafiltered Znvirb@hental Hgipatd ileubpicabidetsofor Iwidleeth contrast

envi rﬁpor‘r)%ﬂé %1ffu31(91hof se[ngo} rrﬁgte% Ifc():ra el:xacrlr(la;;[lg %;[(((:)1[ed\l\£elnéo% r'ncr)]du(igsntan%r diffusion of

the analyte to the optical detector. This makes it possible to further improve the signal quality.

Further advantageous refinements of the invention relate to the manner of reading the

30  information which can be generated by means of the ocular sensor. For example, the ocular
sensor advantageously also has at least one interface for interchanging information with an
evaluation unit.

This interface may be designed in many different ways. For example, the sensor chip may have a

35 data memory in which information generated by the ocular sensor can be stored and can be
called up. For example, the ocular sensor may be in the form of an eye lens which, after removal
from the eye (this may, for example, be a disposable lens) is inserted into a corresponding reader
in which (for example by appropriate electrical contacts) contact is made, for example, to
specific contact pads on the sensor chip, in order to check stored information.
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Various refinements are feasible in this case. For example, an appropriate resonant circuit can be
provided for each of the detectors, with each of these resonant circuits preferably having a
30 different resonant frequency. This makes it possible, for example, for the evaluation unit to
check all of the detectors at the same time or else with a time offset. Alternatively, however,
preprocessing can also be carried out on the sensor chip itself, for example by appropriate
quotient formation or the like, as a result of which a cleaned overall signal and/or a preprocessed
signal is read at this stage by means of the evaluation unit.
35
Accordingly, in addition to the ocular sensor, a measurement system for verification of the at
least one analyte in the eye fluid is proposed in one of the refinements described above, which

comprises an ocular sensor according to one of the refinements described above, furthermore as
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whi ch ;%gcse ures ![t is also feasible for measurement systems such these to interact with automatic

25  medication systems, for example insulin pumps.

In addition, by way of example, the evaluation unit may contain interfaces for interaction with a
user, for example a keypad, interfaces for a computer, a display or the like. Furthermore, the
evaluation unit may itself comprise a computer, for example a microcomputer, which can be

30 programmed appropriately. Appropriate data memories of a volatile and/or non-volatile type can
also be provided.

By way of example, the evaluation unit can be programmed such that it determines a
concentration of the at least one analyte in the eye fluid using the signals or measurement results

35  produced by the ocular sensor. By way of example, this result can be stored in a data memory or
can be output to the patient and/or via an interface to a doctor or a database.

However, in many cases, the concentration of the at least one analyte in the eye fluid is of less
interest. In fact, frequently, concentrations in other bodily fluids are quoted, for example
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ration system can purpose recel
| n?-%r f gﬁ@le analyte. Conventional 1nstruments for example mstruments which determme the analyte

concentration by means of a test element, are particularly preferred in this case. In this case, by
way of example, electrochemical test strips and/or optical test strip systems are used, such as
those which a person skilled in the art will be familiar with, for example, from the field of blood
glucose determination.

30
In this case, by way of example, the measurement system may be designed such that a
calibration measurement such as this is carried out before the measurement system is started up,
in order to match the data produced by the ocular sensor with the data from the "conventional"
instrument. Furthermore, alternatively or additionally, it is also possible to carry out a calibration

35  measurement at regular intervals in which case, for example, the measurement system can be
designed such that the system itself indicates to a user the need for a calibration measurement
such as this at specific time intervals (for example once a day, in comparison to up to seven
times a day as required for "conventional" measurements). Automatic calibration measurements
are also possible, for example calibration measurements by means of a further implanted sensor.
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detail: Figure kessooslsoven sxdfigmmtlic illustration of an ocul ar sensor;

Figure 3 shows a spectral representation of the light conditions in the ocular sensor shown
in Figure 1;
25
Figure 4 shows a schematic illustration of the interaction of an excitation unit of an
evaluation unit with an interface of the ocular sensor; and
Figure 5 shows one exemplary embodiment of a measurement system having an ocular
30 sensor, an evaluation unit and a calibration system.

Figure 1 illustrates, in a highly schematic form, one exemplary embodiment of an ocular sensor
110 according to the invention. In this case, by way of example, the ocular sensor is in the form
of an implant and may, for example, be implanted in or under a conjunctiva of a patient. The

35  ocular sensor 110 has an eye side 112 and an outside 114. Daylight 116 can accordingly strike
the ocular sensor 110 from the outside 114.

The ocular sensor 110 has a sensor chip 118 which, as described above, is preferably in the form
of an ASIC. This sensor chip 118 is embedded in a bio-compatible hydrogel as a carrier material
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implant and the photometer, and/or the excitation light source.

25  As described above, the present ocular sensor 110 solves this problem in that it contains the
sensor chip 118 as an integral component. This sensor chip 118, which is preferably in the form
of an ASIC, may, for example, be manufactured on a customer-specific basis and, for example,
may be based on organic or inorganic semiconductor material, for example silicon. In this case,
at least a portion of the evaluation and drive electronics can be integrated on the sensor chip 118.

30
In this exemplary embodiment, the sensor chip 118 comprises three photodiodes: in addition to
the actual measurement diode 122 as an optical detector, a reference diode 124 and a background
diode 126 are integrated on the sensor chip 118. The necessary drive circuits and evaluation
circuits are likewise integrated on the sensor chip 118, but these are not illustrated in Figure 1.

35

In addition to the sensor material, a reference material is also mixed into the carrier material 120,
for example a reference fluorophor, whose luminescence can likewise be excited by the daylight
116, but with this reference fluorescence being independent of the presence of the analyte to be

verified.
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25  implanted under the conjunctiva of the eye, where it is subject to normal daylight 116. Since the
conjunctiva is highly transparent, in contrast to normally pigmented skin, a comparatively high

proportion of the light enters the ocular sensor 110, which is in the form of an implant.

Figure 3 shows the spectral light conditions that occur in the ocular sensor 110 (the intensity 1 is
30 plotted against the wavelength A in the figure). In this case, the curve 140 shows the intensity
distribution of the daylight 116.

Since the sensor chip 118 is completely surrounded by the background filter 128 (cf. the
transmission characteristic 134 in Figure 2), only that component of the daylight 116 which is

35  required for excitation of the sensor material passes through. The spectral intensity distribution
of this actual excitation light is shown by the curve 142 in Figure 3, and is obtained by
multiplication of the curve 134 in Figure 2 by the intensity distribution of the daylight 140 in
Figure 3. This intensity 142 of the excitation light is measured by means of the background diode
126 (see Figure 1) on the sensor chip 118.
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pr2svi direm the reference diode 124 is, to a certain extent, 'redundant, but the additional information
increases the robustness and measurement accuracy of the system. For example, particularly
when the reference material and the sensor material have similar spectral excitation
characteristics, changes in the spectral characteristic of this excitation light can be compensated
for, for example the change from daylight to artificial environmental light. This considerably

30  improves the flexibility of application, thus allowing measurements of the analyte concentration

to be carried out at different times of day and/or when there is a change in the light conditions
(daylight, artificial light).

The arrangement of the ocular sensor 110 as shown in Figure 1 has a further special feature in
35  the form of a light trap 150. This light trap 150 takes account of the fact that, on the one hand,
the three photodiodes 122, 124 and 126 on the sensor chip 118 are intended to be completely
surrounded by the background filter 128, since any daylight 116 which otherwise enters would
lead to an offset which in general would be considerably greater than the actual measurement
signal. On the other hand, the sensor material is intended to be accommodated within the ocular



~ anal yte-i ndependent i nformation about the reference fluorescence of the

reference material. The concentration of the analyte in the eye fluid can

. be deduced with high accuracy fromthgse three signal conponents. 20 Since
there is a fixed relationship between the three photodi odes 122, 124 and 126

and the sensor material and the reference material, the neasurenent signal
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whi ch StheREnsdseddpalgernatively or additionally, is to mark the hydrogel of
the carrier rrateplal 120 itself with appropriate dye nol ecules, as a result
of which the background 10 filter 128 is not in the formof an interference
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chzy acéxiitadn Qfit of54t Which Uis Vienpléddented in an evaluation unit (cf. Figure 5). In this case,
capacitive elements 156 and 158, respectively, are used as an interface between the sensor chip
118 and the excitation unit 154, and these are illustrated schematically as individual capacitor
plates in Figure 4. In this case, the capacitive element 156 of the sensor chip 118 is connected via
a resistor 160 to earth (for example a relatively large metal surface on the sensor chip 118). The
30 diodes 122, 124 and 126 are connected in parallel with the resistor 160. As stated above, the
circuit can be designed such that these diodes are switched individually or are all switched in the
manner illustrated in Figure 4.

In the excitation unit 154, the capacitive element 158 is connected via a resistor 162 to a
35  generator 164, which is in turn connected at its other connection to earth. The excitation unit 154
and the sensor chip 118 in this circuitry form an excited electrical resonant circuit. The generator
164 produces a changing electrical field at the capacitive elements 156, 158. The natural
frequency of the resonant circuit is governed by the capacitances (governed by the interaction of
the capacitive elements 156, 158) and the resistors 160, 162 in the resonant circuit. The total



"~ shown in Figure 2. Furthernore, the advantage of an interference filter is
that the spectral characteristic can be influenced conparatively easily.
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Furthermore, as shown in the exemplary embodiment in Figure 5, the measurement system 166

comprises a calibration system 176. This calibration system 176 is preferably implemented in the
30 evaluation unit 168. In the schematic exemplary embodiment illustrated in Figure 5, the

calibration unit 176 is, however, in the form of a separate unit, which communicates with the

evaluation unit 168 via an interface 178. This may be a wire-free and/or a wire-based interface or

else data interchange apparatuses may be provided by means of data storage media (for example

memory chips) which are interchanged between the calibration system 176 and the evaluation
35  unit 168 manually by the patient, as "interfaces" for connection of these elements.

The calibration system 176 also has control elements 180, a display 182 and (not illustrated in
Figure 5) appropriate electronics, for example once again a microcomputer and/or other
electronic components. The calibration system 176 is in this case designed to use a test strip 184



10 | east one analyte in an eye fluid. The neasurenent system 166 conprises
an ocul ar sensor 110, for exanple an ocular sensor in the formdescribed in
Figure 1, which, for exanple, may be_ijg. the formof an inplant and/or an
eye lens. The neasurenent system 166 furthernore conprises an evaluation
unit 168 with an excitation unit 154 (for exanple as shown in the exenplary
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measurenent . results. The roconmputer (170 can be,controléﬁﬂiby a user by

_ m
means c8fereoiscy 18 tsplgprathmytor indiregh blopd glusgse,determingionayith the ewar sepsoryi 3 a
diigpl ay0l74. However, other user interfaces can also be inplenented.
Furthernore, as shown in the exenplary enbodinent in Figure 5, the
measur enent system 166 conprises a calibration system 176. This calibration
system 176 is preferably inplenented in the 30 evaluation unit 168. In the
schemati c exenplary enbodinment illustrated in Figure 5 the calibration unit
176 is, however, in the formof a separate unit, which conmunicates with the
evaluation unit 168 via an interface 178. This nay be a wire-free and/or a
W re-based interface or else data interchange apparatuses nmay be provi ded
by neans of data storage nedia (for exanple nenory chips) which are
i nt erchanged between the calibration system 176 and the evaluation 35 unit
168 manual ly by the patient, as "interfaces" for connection of these
el ements. The calibration system 176 al so has control elenents 180, a
di splay 182 and (not illustrated in Figure 5) appropriate electronics, for
exanpl e once again a m croconputer and/or other electronic conponents. The
calibration system 176 is in this case designed to use a test strip 184 -19-
to verify the concentration of the analyte in a bodily fluid, and this is
illustrated synbolically as blood droplet 186. Conventional, conmercially
avai l abl e instrunents, such as blood glucose neters, can therefore be used
as the calibration system 176. Systens such as these normally have
appropriate interfaces as well, such as infrared interfaces. The information
obtai ned by neans of 5 the calibration system 176 relating to the anlayte
concentration in the bodily fluid, for exanple the blood glucose
concentration, can be comunicated via the interface 178 to the eval uation



unit 168 in order to be used there for matching with the information of the
sensor chip 118 of the ocular sensor 110. The neasurenent result of the

bl ood gl ucose neasurenent can therefore be entered directly in the

al gorithmfor indirect blood glucosgpdetermination with the ocular sensor

10 110. -20- Patent Clains 1. Ocul ar sensor (110) for verification of at

| east one analyte in an eye fluid, with the ocular 5 sensor (110) having at
| east one sensor material, with kgggi%gsor mat eri al bei ng designed to
change at | east one optical char ISt in the presence of the at |east
one analyte, <characterized in that the ocular sensor (110) al so has at
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enbedded in the carrier, eri al , and"wth the sensor material being

entirely B¢ opsal FharpGrenstist ai ned i n the carrier material (120). 4. Ccul ar
sgnsor (110) according to the preceding claim wth the carrier materi al

(120) 2 V|n ast qne of .the fol]aow ng. characteristics:. e
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per neabl eorfe(h’fthé fotlowvingd e}lélﬁents.rhnmrétletrsuh aontact ] ag@lay, an éyecingAanti er materi al
(120) conprises a deformable, in particular a flexible, material; - the
sensor material is entirely or partially mxed into the carrier materi al
(120)3. 250eultihgensandd0) aedelingito ore efithe tebprenedpgrdaiss) itk the dddat sensor
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(120); - camgersmpisnal (1aPlepndiwithy emnsmmte@:al pring eafitely or progdbneontaiestd inhe

carrier ngtenial maked) (1289 5 Ccular sensor (110) according to one of the
preceding clainms, wth the optical detector (122) conprising at |east one

photoel ectric elenment, in particular a photodi ode. 6. Ccular sensor (110)
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the carrier material (120) comprises a material which is at least partially permeable for
the analyte, in particular a hydrogel;

- the carrier material (120) comprises a deformable, in particular a flexible, material;

- the sensor material is entirely or partially mixed into the carrier material (120);

25 - the sensor material is entirely or partially embedded in microcapsules which are

dispersed in the carrier material (120);

- the sensor material is entirely or partially dissolved in the carrier material (120);

- the sensor material is entirely or partially a component of the carrier material (120).

30 5. Ocular sensor (110) according to one of the preceding claims, with the optical detector
(122) comprising at least one photoelectric element, in particular a photodiode.

6.  Ocular sensor (110) according to one of the preceding claims, with the at least one optical
characteristic comprising luminescence which can be excited by excitation light, in
35 particular fluorescence or phosphorescence.

7. Ocular sensor (110) according to the preceding claim, with the ocular sensor (110) being

designed to allow excitation of the sensor material by an excitation light source.
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7. Ccul ar sensor (110) according to the preceding claim wth the ocul ar
sensor (110) being designed to allow excitation of the sensor material by
an excitation light source. -21 8. Ccular sensor (110) according to the
preceding claim wth the ocular sen;gr (110) having at |east one of the
fol l ow ng designs: - the ocular sens (110) is designed to all ow external
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| i ght source, ,10. . l.ar S 1 according to the preceding claim wth
thg backgroﬁfg&%—FW&gd%@ \/J“ﬁ géﬁl ‘| east one of the follow ng designs:

15 - the background filter (128) isin the formof a separate background
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filter, which is designe and arranged to transmt ["'um nescence |ight of
t he sensorexﬁﬁ%t&ﬂlﬂhtéwc%o at least partially and preferably conpletely
suppr ess Ilght out si de the wavel ength range of the Ium nescence Ilght 25
12.
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precedi ng cI sensor chip (118) furthernore having an opti cal
reference det "%rgnat%ﬁiajﬁfo |ch is designed to neasure the optical

characteristic of the reference material. 35 14. COcul ar sensor (110)

accordﬁgé 1 Sl 618! wiE BRO6culat Sisor [(H10h AgLMOr €
havi ng1 &e?#;%gg&fﬁﬁgj i ﬁié%{g()ﬁr? Hélbrltl Cu?ar |1a Ya g% cu% Ptsé)%r (or )e %
fi2%er, having a sensor ﬁlter (130), in partlcular a bandpass filter or edge filter, which is designe

and arranged to transmit luminescence light of the sensor material and to at least partially

and preferably completely suppress light outside the wavelength range of the luminescence

light.

25 12. Ocular sensor (110) according to one of Claims 6 to 11, with the ocular sensor (110)
furthermore having a reference material, with the reference material being designed to
change at least one optical characteristic, in particular luminescence, preferably
fluorescence or phosphorescence, as a function of the intensity of the excitation light and
independently of the presence of the analyte.

30 ;

13. Ocular sensor (110) according to the preceding claim, with the sensor chip (118)
furthermore having an optical reference detector (124) which is designed to measure the
optical characteristic of the reference material.

35 14, Ocular sensor (110) according to the preceding claim, with the ocular sensor (110)
furthermore having a reference filter (132), in particular a bandpass filter or edge filter,
with the optical characteristic of the reference material being a reference luminescence and

with the reference filter (132) being designed and installed to allow transmission of the



with the optical characteristic of the reference material being a reference
| um nescence and wth the reference filter (132) being designed and
installed to allow transm ssion of the -22- reference |um nescence to the
reference detector (124) and to supprgss transmssion of [light at a

wavel engt h outside the wavel ength range of the reference | um nescence. 15.

Ccul ar ?iﬂéféfen(:é ]}&)&mﬁ%ﬂéa it ﬁael ﬁef@e@ceoaett@taﬂ (11524@ ah@ tﬂ;4supw(§:'&:§'l tﬂaita@m@?% g;f
sensor ur er.nor e I N | C et ect or
oeren’ s S ks R aO B DB b BRI R e, (20

16. COcul ar sensor (110) according to one of Clainms 6 to 15, with the ocul ar

Sensor, 1](9‘,)%36{];%‘&91%% peub)] ﬁc&?&&hg% %hélz&rﬁsa% &1?@@?{%{ E\El% 'sérflﬁt‘ (o3P

(150) 1be| ng to’ su ransni ssion
ex6i t at i orfulthghtors baving an opitmé benpkgur@mld dtetctart(b26)(wizigh is émgnmlttdn nmepsre aght

trap (150);,R6 98, ;&”ﬁ I di ffusion of the sensor material and/or
of the anlg y%lgg(%o ¢ e og?lcgﬁ(gge}%yector (122). 17. Ccul ar sensor (110)

according to one of the preceding clains, with the ocular sensor (110) 15

further (Tmr@clﬂﬁVéeﬂgoragl lefaé'JJr@iﬁg th Vne! Jﬁgraﬁhé%ggmgs | thrtH@tobﬁ’l@r WedsBr 2110)
eval uation unit Ocul ar sensor ng.to the preceding

claim wit Hﬁbﬁ@qr%b@\flv&eélghhvmélﬁé)e With the leﬂ)étrap ﬁiéq)fb;&g destEngil £ SURPERSS dat a
tr@ansm ssi@hsmARichdf 1ightram tEe Bsatibd hOht sdafe 6 tidoptidal deteditrqE 22, Al withi M
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f ur t her noramal y25tolthy optirahtiete@as(l20ye resi stance el ement (160), which is
connected in parallel with the optical detector (122) and/or the reference
detector (124) and/or the background detector (126), and/or having an

i nduct1Xe @twaresehsontil HH aceordmgrie onedf ihe pregedirigallaimst withike optlarcsahsodét KDt or
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21. I\/Easuremant S or ver east one analyte 1 n an

eye fluid,( &brrprl sing an ocul ar sensor (110) according to one of the

preceding clains, furthernore also conprising an evaluation unit (168)

whi ch |is desi gned to interchange information with the sensor chip (118). 35

22. Mebbur@ndseass (b eeensingde dredirrgrding dlye. sHECBamETeqeiating i {938t e

eval uat i onintepfate for Y8R fré@aRh trahdigis@bn.exci tation unit (154) which is designed

tozof orma resonant circuit with an interface of the sensor chip (118). -23-
19.  Ocular sensor (110) according to the preceding claim, with the interface having at least one

capacitive element (156).

20. Ocular sensor (110) according to the preceding claim, with the interface furthermore
25 having at least one resistance element (160), which is connected in parallel with the optical
detector (122) and/or the reference detector (124) and/or the background detector (126),
and/or having an inductive element which is connected in parallel with the optical detector
and/or the reference detector (124) and/or the background detector (126).

30 21. Measurement system (166) for verification of at least one analyte in an eye fluid,
comprising an ocular sensor (110) according to one of the preceding claims, furthermore
also comprising an evaluation unit (168) which is designed to interchange information with
the sensor chip (118).

35 22. Measurement system (166) according to the preceding claim, with the evaluation unit
(168) comprising an excitation unit (154) which is designed to form a resonant circuit with
an interface of the sensor chip (118).
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© 23. Measurenent system (166) according to the preceding claim wth the
resonant circuit being designed to change at | east one electrical

_ characteristic, in particular an oscillation frequency and/or an
oscillation anplitude, as a function gf the signal fromthe optical
detector (122) and/or fromthe ref er'«g ce detector (124) and/or fromthe

backgrapindvieisusteie ts9stefnlA6p) addbrdileas uhe Preedmygsiigim, (Wl )tha eé&sonsht nGrchi one

of the preceding.clainms, with the eval uati unit (168 ei.ng desi.gned to
det er i he EHE DAL SFHHE BAShane isFgieel T Hein BRIt S%iliaion
Measur enenfreqaysdyeand/d6a) oscitiatich a@plitudehas priasaitinngf tHeasipnal viirdth théeptical

eval uati on, uni t 8 | so bein esign to rm.n opcent rat i of
The at | oetelr (288 e o P e eI e RRAT A Bof TECPAGlouRE
corfcent r atdetertaf(12d)e anal yte in bl ood. 26. Measurenent system (166)
according to one of Clainms 21 to 25, furthernore conprising a 15
calibration system (176) which is designed to process at |east one

cal i brt i Measureanendsysen (le@naccerding wwgoneoolzthe prrseding alaio, withttheevahaatipne i n

the eye fluiith188MHhe @esﬁ%ﬁ[ﬁ:& R 8etBAhé Yol doHbhiraiBRBf Hhe ahFyTeVin ke ey il bration

of the deternination of e analyte concentration in thé eye fluid and/or
the further bodily fluid. 20 27. Measurenent system (166) according to the

precedag Wealufemet tdystehe (168) iaBEdIn@NtoSitst @&edﬁrilg? BlaihawiithdthatevaRAGSN ARG
i nstrunent for determ natlog of the concentration of the anal yte bé/,rreans
of a test @PBhale being destaned ip Letesmines Cgfqungakl%a? theraiglegsiote anplyie i &t of
ref erence fiyhibobalily ¥hidan baticslans edncthBation theégtlytd Zn Byedsi de 180 Control
el enents 114 Qutside 182 Display 116 Daylight 184 Test strip 118 Sensor
chip 186 Blood droplet 120 Carrier material 122 Measurenent diode 124
Ref er ettt e Micagieemdi? GySank 6@ wedordingde ond 28 (Bdak @laur2d, furthbenore t3thpfising ar

fi ist er 1320a§%£a%irog réglgterfni 81178)" Will'l%ﬁ i§ ﬁgsligl{e%%g%r&els &l 1ehdt 3R n@aﬁﬁﬂaagn information
item relating to a concentration of the analyte in the eye fluid and/or a further bodily fluid,
and to carry out a calibration of the determination of the analyte concentration in the eye
fluid and/or the further bodily fluid.

20 27. Measurement system (166) according to the preceding claim, with the calibration system
(176) having at least one instrument for determination of the concentration of the analyte
by means of a test element, in particular a test strip (184).
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