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(57) Abréege(suite)/Abstract(continued):
representing element analysis data C,. In order to allow continuous monitoring of the analyte with good accuracy and a reduced

number of invasive sample generation steps It Is proposed that the analytical system further comprises (1) a sensor unit (2)
portable on the patient body, said sensor unit (2) including a sensor (/) borne on the patient body for the direct and reagent-free
measurement of a parameter correlating with the concentration of the analyzed substance and a transmitter for the wireless
transmission of data signals; and (i) a sensor-analysis means to ascertain sensor-analysis data C from the measurement
values of said parameter measured by said sensor; and the evaluation instrument further comprises a receiver to receive In
wireless manner the data signals from the sensor unit (2), calibration means to calibrate the sensor-analysis data C. on the
basis of the element-analysis data C, and (i) a data memory for the long-term storage of analytical data, whereby said
evaluation instrument forms a central unit (3) of an integrated analysis-element/sensor monitoring system (1).



2148569

BM 4001/00

Abstract

Analytical system for monitoring patient blood
concentration of a substance to be analyzed, comprising
analysis-elements (12) containing reagents and an evaluation
instrument comprising a measurement device to measure a change
resulting from a reaction of the analyte with the reagents in
order to determine, from the measurement values so obtained,

analytical data representing element analysis data C,.

In order to allow continuous monitoring of the analyte
with good accuracy and a reduced number of invasive sample
generation steps it is proposed that the analytical system
further comprises (1) a sensor unit (2) portable on the
patient body, said sensor unit (2) including a sensor (7)
borne on the patient body for the direct and reagent-free
measurement of a parameter correlating with the concentration
of the analyzed substance and a transmitter for the wireless
transmission of data signals; and (ii) a sensor-analysis means
to ascertain sensor-analysis data Cg from the measurement
values of sald parameter measured by said sensor; and the
evaluation instrument further comprises a receiver to receive
in wireless manner the data signals from the sensor unit (2),
calibration means to calibrate the sensor-analysis data Cg on
the basis of the element-analysis data C, and (iii) a data
memory for the long-term storage of analytical data, whereby
sald evaluation instrument forms a central unit (3) of an
integrated analysis-element/sensor monitoring system (1).

(Fig. 1)
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The 1invention concerns an analytical system for

monitoring '‘a substance to be analyzed (analyte) which is

present in the blood of a patient.

The concentration of analytes in blood in many cases
must be monitored regularly. This is especially the case when
regular drug 'treatment is required in relation to the
concentration of the particular substance. The most important
example 1s diabetes-mellitus. Patients with this disease
should constantly monitor their blood-sugar 1level to match
their insulin injections to their need at the time and thereby
to keep their blood-sugar 1levels (that is, the glucose
concentration in blood) within specified limits. Exceeding
such limits upward (hyperglycemia) or dropping below them
(hypoglycemia) should be avoided with as much reliability as
possible to prevent both critical acute conditions and grave

long-term disabilities (for instance loss of eyesight).

The present 1invention in particular relates to
monitoring the blood-glucose concentration though it is also
applicable to other substances requiring analysis. No
limitation on the general applicability of the invention is to

be construed from any discussion hereafter relating to glucose

determination.
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Conventional analytical systems for monitoring blood-

glucose concentration are composed of solid-state analysis-
elements also called test <carriers and an evalu.a:tion
instrument. As a rule the analysis-elements and the evaluation
instrument are specifically mutually matched and are provided

as one system from the same manufacturer.

The analysis—elements contain reagents. When the
elements are brought 1into contact with the test sample, the
reaction between the analyte in the sample and the reagents

Lcauses a physically measurable change correlated to the

concentration of said substance, in the analysis element. The
evaluation instrument contains a measurement system measuring
the said change and electronics'to determine the concentration
of the analyte on the basis of the measurement value obtained
when measuring said change. Modern devices make use of
microprocessors for the evaluating electronics, making
possible software-controlled digital processing of the
measurement values 1nto signals corresponding to the
concentration of the substance being analyzed. As a rule these
analytical data-are displayed in units of concentration on an
alphanumeric display. However the expression "analytical data"
in the sense of the invention also covers electrical signals
representing the analytical results in other ways, for
instance as signals to control offset displays of information

relating to the concentration of the analyte such as "ideal

range", "upper standard range", "upper danger zone", etc.

Different kinds of analysis-elements are known that
involve different physico-chemical principles regarding the

principles of reaction and the measurable change correlated to
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concentration. Conventional analysis systems are foremost

photometric or electrochemical.

As 'regards photometric analytical systems, the
analysis-elements contain a system of reagents. The reaction
thereof with the analyte causes a photometrically detectable
change (color change). In general the reagents are present in
a porous-plastic or paper matrix forming a test zone of the
analyzing element, the color of said matrix changing as a

function of concentration. Thls color change <can Dbe

quantitatively determined using reflection photometry.

Electrochemical analysis-elements contain a system of
electrochemical reagents. The reaction thereof with the
analyte affects the electrical potential across two terminals
of the analysis-elements and/or the current level between two
terminals of fhe analyzing element when the voltage across
said terminals is fixed. In this case therefore the changing
phyéically measurable quantity 1s the voltage or the current
and is determined by a corresponding voltage or current sensor
integrated into the instrument. The change of said measurement
value correlating to the concentration of the analyzed
substance 1is converted, preferably again using microprocessor

evaluation electronics, into analytical data (concentration of

analyzed substance).

Analytical systems operating by means of reagent
containing analysis-elements (hereinafter referred to as
"element-analysis systems" have become highly accurate and are
handled easily enough that the patient himself/herself may use
them for constant monitoring of the  blood-glucose

concentration (home monitoring). However they entail the
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significant drawback that each particular analysis requires
withdrawing a drop of blood which then is placed 1in contact
with an analysis-element. As a rule this procedure 1s

implemented by piercing the finger, 1in other words, each
analysis entails painful skin injury with some danger of

infection. Such a procedure is called "invasive analysis".

In order to allow continuous monitoring of the
concentration of a substance to be analyzed 1in blood wlgile
providing good accuracy and a lesser number of 1nvasive
interventions to secure samples, the invention, based on an
analytical system of the type discussed before, discloses a
system which includes a sensor unit portable on the patient
body and comprising a sensor which, free of reagents, directly
measures at the patient body a parameter correlating with the
concentration of the analyzed substance, said unit further
comprising a transmitter to wirelessly transmit data signals.
Said system furthermore includes sensor evaluation electronics
to determine sensor-analysis data from the sensor measurement
values of the measured parameter. The evaluation instrument is
the central unit of an 1integrated analysis-element/sensor
monitoring-system and includes a wireless receiver to receive
the data signals from the sensor unit, further calibrating
means to calibrate the sensor-analysis data on the basis of
the analytical data from the analysis-element ("element
analysis data") and a data memory for the long-term storage of

analytical data.

Reagent-free, sensor-analysis systems for determining
blood analytes have been described in various émbodiments,;For

some substances to be analyzed (especially the Dblood

oxygenation values and the blood gas concentrations) such
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systems have become practically significant. However for a
number of other substances to be analyzed, in particular

glucose, they have not been adequately practical.

A survey of non-invasive methods to determine glucose
is given in "PHYSICOCHEMICAL DETERMINATION OF GLUCOSE IN VIVO"
by J.D. Kruse-Jarres, J. Clin. Chem. Clin. Biochem. 26, 1988,
pp 201-8.

Foremost the invention concerns systems employing the
interaction between irradiated 1light and the tissue of a
living human (preferably the dermal tissue) for the purpose of
analytically determining the concentration of an analyte
therein. It is assumed that the concentration of the analyte
in the (blood-circulating) tissue correlates adequately for
practical purposes with the corresponding concentration in the
blood. In such systems the sensor unit includes a 1light
emitter irradiating the tissue. Furthermore a light detector
is present by means of which, following its interaction with
the tissue, light leaving the body part is sensed in order to
determine a measurable physical light property which changes
by interaction with the tissue. 1In such methods, this
measurable physical ©property forms a parameter which

correlates with the concentration of the analyzed substance.

Most methods of this kind known so-far are based on
spectroscopic analysis. The characteristic absorption (caused
by the vibrational and rotational states of the molecules of
the analyzed substance) is determined therein by ascertaining
the dependence of optical absorption on the light wavelength.
In practice typically light of different wavelengths from a

narrow-band light emitter is irradiated and the light received
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by the light detector is then measured. Alternatively the
irradiation may be from a broad-band 1light emitter and a

wavelength-selective measurement may then be carried out at
the detection side. The absorption bands of the molecules
under discussion (in particular of glucose) are far 1into the
infrared range of light. However, tissue water causing strong
optical absorption in this range, most authors suggest
measurement’ wavelengths in the near 1infrared, whereby
harmonics of the molecular oscillatory and rotational states
may be detected. Illustrative such systems are described 1n

EP-A 0 160 768, in WO 93/00856 and in US-patent 5,028,787.

In an especially preferred embodiment of  the
invention, a sensor system is used wherein a light parameter
is determined that depends on the tissue's 1ndex of
refraction. This method is substantially based on the finaing
that the change 1in index of refraction of the liquid in the
tissue relating to the glucose concentration may be used as

the parameter correlated to the glucose concentration.

For the implementation of this method a measurement-
technique has been suggested in which signals are determined
which are affected by the multi-scattering of 1light by
scattering centers 1in the tissue. Such a procedure 1is
described 1in the international patent application PCT/DE
93/01058. Under the conditions of measurement described 1in
said publication, multi-scattering causes enhancement of the
effect tied to the change in index of refraction, and said

enhancement can be ascertained as a comparatively strong and

hence well measurable signal change. The cited reference

contains further details of interest in the present invention.



CA 02148569 1998-04-06

7

Reference 1s also made to Canadian patent specification 2,174,441 which
describes analysis of glucose based on the determination of a light parameter
corresponding to the light transit time in the tissue. Such a transit time parameter
may be directly the time of travel of an exceedingly short light pulse. However, it is
much simpler to ascertain instead the phaseshift of light within the tissue as a transit-

time parameter which correlates with the tissue glucose concentration.

Further reference 1s made to Canadian patent specification 2,189,047
which describes how to determine changes in tissue index-of-refraction using low
coherence interferometry. Such determination may take place directly by
ascertaining the light's optical path in the tissue or indirectly in such manner that the
light scattering coefficient 1n the tissue 1s being ascertained. The scattering

coefficient 1s affected decisively by the relation between the index of refraction of
the hiquad and that of the tissue scattering centers (for instance cells).

In the invention, such a non-invasive sensor-analysis-system 1s combined
with an invasive analytical system operating with a reagent-based analyzing element.

In accordance with one aspect of the invention there is provided an
analytical system for monitoring patient blood concentration of a substance to be
analyzed, comprising (A) an element analysis system comprising: at least one
analysis-element containing reagents for reacting with the analyzed substance after
the at least one analysis-clement has been brought in contact with a patient blood-
drop to cause a measurable change in the analysis-element, the change correlating
with the concentration of the analyzed substance, and an evaluation instrument
comprising a measurement device to measure the change and an evaluation means to
determine, from the measurement values so obtained, analytical data representing
element analysis data C,, the analytical system further comprising: (B) a sensor
analysis system comprising (1) a sensor unit portable on the patient body, the sensor
unit including a sensor borne on the patient body for the direct and reagent-free non-
invasive measurement of a parameter correlating with the concentration of the
analyzed substance, and a transmitter for the wireless transmission of data signals,
and (i11) a sensor-analysis means to ascertain sensor-analysis data Cg from the
measurement values of the parameter measured by the sensor; and the evaluation
instrument further comprising (a) a receiver to receive in wireless manner the data
signals from the sensor unit, (b) calibration means to calibrate the sensor-analysis
data Cg on the basis of the element-analysis data C,, and (c) a data memory for the

long-term storage of analytical data, whereby the evaluation mstrument forms a
central unit of an integrated analysis-element/sensor monitoring system.
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In accordance with a particular embodiment of the invention there is
provided an analytical system for monitoring and analyzing a concentration of a
substance 1n blood of a patient, said system comprising: an element-analysis system,
said element-analysis system comprising at least one analysis element containing a
reagent thereupon, said reagent for reacting with the substance in a sample of the
blood when said at least one analysis element has been brought in contact with the
sample, thereby causing a measurable change R in the analysis element which
correlates with the concentration of the substance and an evaluation instrument
having a measuring device therein, said measuring device for measuring the
measurable change R in the analysis element, the evaluation instrument also
including an evaluation means for determining element-analysis data C, from the
measured change R; said analytical system further comprising a sensor-analysis
system, said sensor-analysis system comprising: (1) a sensor unit configured to be
affixed to and thus continuously carried on the body of the patient, said sensor unit
including a first sensor means for non-invasive determination of a measured value of
a parameter S correlating with the concentration of the substance in the blood of the
patient and for generating sensor data signals representing the non-invasively
measured parameter S, said sensor unit also including a transmitter means for
wireless transmission of data signals representing the non-invasively measured
parameter S; and (i1) an evaluation unit remotely disposed from said sensor unmit for
wirelessly receiving data signals transmitted from said sensor unit, said evaluation
unit comprising receiver means for wirelessly receiving the data signals representing
the non-invasively measured parameter S from the sensor unit, and sensor analysis
means for ascertaining sensor-analysis data Cg from the transmitted data signals;
wherein said evaluation unit of the sensor-analysis system and said evaluation
instrument of the element-analysis system are coupled together in a central unit
which is remote from said sensor unit, said central unit including a calibration means
for performing a calibration of the data representing the non-invasively measured
parameter S and for determining sensor-analysis data Cg based upon the element
analysis data C,, said central unit also comprising a data memory means coupled to
said calibration means for storing data therein.

In accordance with another aspect of the invention there is provided a
method of operating a system of the invention in which by the time when a
concentration value 1s ascertained by means of an analysis-clement the element-
analysis data C, 1s used as the nominal value for the calibration of the sensor
analysis data Cg.
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In accordance with still another aspect of the invention there is provided a
method of monitoring patient blood concentration of a substance comprising (a)
providing an analytical system of the invention, (b) ascertaining a concentration
value as element-analysis data C, by means of an analysis element, (¢) receiving
sensor analysis data Cg with the sensor unit and calibrating the data Cg with the data
C, as nominal value for the calibration, and (d) 1ssuing a signal representing the
concentration of the substance in response to the calibrated value of data C.

In accordance with another particular embodiment of the invention there is
provided a method for monitoring and analyzing a concentration of a substance in
blood of a patient, comprising the steps of: applying a blood sample to an analysis
element having a reagent thereupon, wherein said reagent reacts with the substance
in the blood sample, thereby causing a measurable change R in the analysis element
correlating with the concentration of the substance; measuring the measurable
change R in the analysis element with an element-analysis system; inputting
measurement values of the measurable change R into an evaluation instrument of
said element-analysis system for determining element-analysis data C, based upon
the measured change R; non-invasively measuring a parameter S correlating with the
concentration of the substance in the blood of the patient with a sensor unit of a
sensor-analysis system, said sensor unit affixed to a body of the patient and remotely
disposed from said evaluation instrument, said step of non-invasively measuring
including the steps of irradiating light into living tissue of the patient, and detecting a
physical property of light exiting the living tissue which varies based upon an
interaction of the light with the tissue, for generating signals corresponding to the
parameter S; wirelessly transmitting data signals representing the non-invasively
measured value from the sensor unit via a wireless transmitter to a receiver of an
evaluation unit which 1s remotely disposed from said sensor unit and 1s a part of the
sensor analysis system, and which 1s coupled in a central unit to said element-
analysis system; receiving said wirelessly transmitted data signals in the recetver;
determining sensor-analysis data Cg from the transmitted data signals using a
calibration based on a comparison of the transmitted data signals to element-analysis
data C, 1n said evaluation unit, said sensor-analysis data Cg representing the
concentration of the substance in the blood of the patient.

In accordance with still another particular embodiment of the invention
there 1s provided a method for monitoring and analyzing a concentration, of a
substance in blood of a patient, said method comprising the steps of providing an

evaluation instrument of an element-analysis system for evaluating a concentration
of a substance in a blood sample of the patient;, providing a sensor-analysis system
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including a sensor unit configured to be affixed to and continuously carried on the
body of the patient, and an evaluation unit remotely disposed from the sensor unit;
applying the blood sample to an analysis element having a reagent thereupon,

wherein said reagent reacts with the substance in the blood sample, thereby causing a
measurable change R in the analysis element correlating with the concentration of

the substance; measuring the measurable change R in the analysis element;
determining element-analysis data C, based upon the measured change R, inputting
the element-analysis data C, to said evaluation umit of said sensor-analysis system,
thereby providing calibration information therefor; said method further comprising
the steps of non-invasively measuring a parameter S correlating with the
concentration of the substance in the blood of the patient with the sensor unit of the
sensor-analysis system, said step of non-invasively measuring including the steps of
irradiating light into living tissue of the patient, and detecting a physical property of
light exiting the living tissue which varies based upon an interaction of the light with
the tissue, for generating signals corresponding to the parameter S; wirelessly
transmitting data signals representing the non-invasively measured value from the
sensor unit to a receiver of the sensor-analysis system, said receiver being remotely
disposed from said sensor unit and being coupled to said element-analysis system,;
receiving said wirelessly transmitted data signals in the receiver; and determining
sensor-analysis data Cgq from the transmitted data signals using a calibration which is
based on a comparison of the transmitted data signals to element-analysis data C, 1n
said evaluation unit, said sensor-analysis data Cg representing the concentration of
the substance 1n the blood of the patient.

The sensor-analysis-system 1s composed of a movable, battery-operated
sensor unit worn on the patient-body and of an evaluating device which is stationary in
the sense that 1t 1s not born on the patient-body but 1s situated at an appropriate location,
for instance in the dwelling of the patient. Preferably, however, the central unit is small
and lightweight
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enough to be easily carried along by the patient if or when
leaving said dwelling for some time (for instance for several
days). The base unit and the central unit are 1linked by
wireless data transmission. Said link may be implemented in a
variety of ways, for instance using IR light, high frequency

radlio waves or ultrasonics.

The sensor unit borne on the patient-body and the
stationary central unit 7Jjointly assume the functions of the
sensor-analysis-system. The system functions can be assigned
to the two units 1in different ways. Basically a sensor unit
may be designed without intelligence of its own, its function
being merely to determine the sensor measurement values and to
transmit these 1n wireless manner to the central unit.
Preferably however the sensor unit is designed with its own
intelligence, that is, it comprises a microprocessor data-
processing system as evaluation means in order to ascertain
sensor analysis data from the measurement wvalues of the at
least one sensor of the sensor unit that correspond to the

concentration of the substance being analyzed. As a result it

1s possible to provide the sensor unit with its own display
for 1indicating the concentration data of the analyzed
substance, 1illustratively merely issuing an acoustic or optic
warning when specified limits of the glucose concentration are
crossed upward or downward. Advantageously furthermore in such
embodiment the link between the sensor unit and the central
unit 1is interactive, that 1is, not only are analytical data
from the analysis element transmitted from the sensor unit to
the central unit, but vice-versa data from the central unit
are also made avallable to the sensor unit. This feature may
apply in particular to calibration required by the sensor unit

to determine the concentration of the analyzed substance.
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It is furthermore significant in the present 1invention
that the central unit of the sensor-analysis-system be
simultaneously the evaluation instrument of the invasive
element-analysis system and that it serves for calibrating the
sensor-analysis sub-system on the basis of the test data of

the element-analysis sub-systen.

Compared with heretofore conventionally used
analytical systems, a primary advantage of the analytical
system of the invention 1is that current analytical data are
continuously present in real time and that reliable
information about the ©rate of change of the glucose
concentration 1s available any time. This 1s especially
important for groups at risk among the diabetics, for instance
diabetics tending toward hypo- or hyper-glycemia during night
rest. Furthermore permanent monitoring of glucose values 1is
especially important during times of increased body exertion,
for instance sports activities. For diabetics on insulin
therapy it 1is especially important to be provided with the
feasibility of determining the 1instantaneous trend of the
glucose value (rising or falling) gqualitatively and

gquantitatively in order to determine the required quantity of

insulin.

The invention 1is elucidated below by means of

embodiments illustratively shown in the Figures.

Fig. 1 is a perspective view of the components of an

analytical system according to the invention;

Fig. 2 is a functional block diagram,
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Fig. 3 is a plot of the analytical data as a function

of time, explaining a calibration procedure,

Fig. 4 is a top view of a central unit with a first

embodiment of a graphics display, and

Fig. 5 is a top view of a central unit with a second

embodiment of a graphics display.

The integrated analysis-element/sensor system IASS 1
shown in Fig. 1 is composed of a sensor unit 2 borne on the
body of the patient and of a central unit 3 linked with the
sensor unit 2 by wireless data transmission symbolized by the
arrow 4. In the shown preferred embodiment, the sensor unit 2
is composed of the base unit 6 and of two sensors 7, 8
connected by cables 9 to the base unit 6. The base unit 6 may
be worn by a neck strap 10 around the neck of the patient.
Obviously it may be affixed also 1in some other way, for
instance by a shoulder strap or a belt clip to the patient

body.

In principle, operation may be with only one sensor.
However two or more sensors may be advantageous 1in order to
allow measuring of a parameter correlating with the glucose
concentration at several body test sites simultaneously, with
an increase 1n accuracy being provided for 1instance by

averaging the measurement values or by selecting the better

test values by means of predetermined reliability criteria.

The central unit 3 comprises the typical features of

an evaluation instrument commonly used in element-analysis-
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systems. In the case shown, it serves to evaluate an analysis-
element 12 in the form of a glucose test strip 13 with a base
layer 14 and a test 2zone 15. For evaluation, the analysis-
element 12 is inserted 1into a test duct 17 located beneath a
flap 18 of the device 3. A keypad 20 is provided to operate
the central unit 3. A display 21 serves as information output,

in particular to display analytical data.

The evaluation means for evaluating the analysis-
element, which 1s 1ntegrated into the central unit 3, ist of
conventional design and therefore need not be described in
further detail. Relevant information is offered in numerous

publications. Illustratively the general instrument design is

described 1in European patent applicatibn 0 492 326 and

applicable measurement electronics 1is described in the

European patent application 0 075 767.

Fig. 2 1s a block diagram of the essential functional

components of the central unit 3 and of the sensor unit 2.

The central unit 3 contains a measurement device 23 to
measure a change in the analysis-element 12 correlating with
the change of the concentration of the analyzed substance, for
instance a reflection photometer, allowing to measure a change
of the color of the test 2zone 15. The measurement device 23

generates electrical signals corresponding to the measurement

value R of the change correlating with the concentration.

The measurement values R are fed +to evaluation
electronics 24 which is a part of the a micro-computer 25
which also includes a data memory 26. By means of an

evaluation curve stored in the memory 26 which describes the
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functional relationship of the sought concentration C and the

f(R), the evaluation electronics 24

test value R, namely Cj,
computes the sought concentration C of the analyzed substance
and feeds these element-analysis data C, to the memory 26
where they are stored. The analysis data C, are displayed
automatically or by means of a special command in the display

21.

The evaluation curve C, = f(R) may be permanently
stored in the central unit 3. Preferably however a separate,
batch-specific evaluation curve shall be used for each new
manufactured batch of analysis-elements 12 and shall be
transmitted to the central unit by means of a suitable data
medium in machine-readable form. For that purpose the central
unit comprises a data reader 28, illustratively a bar-code
reader, to read a bar code affixed to the analysis-element

itself or to an additional code carrier. The bar code is

included in each pack of analysis-elements and contains the

batch-specific evaluation curve. Further details are provided

in the European patent application 0 492 326.

In addition to the above described functional compo-
nents which are conventional in analysis—-element evaluation

instruments, the central unit 3 furthermore comprises a

transceiver 29 for wireless transmission of data, and a sensor
calibration means 30 which in practice preferably is
implemented as software and therefore is shown in Fig. 3 as
being part of the microcomputer 25. These components link the
analysis-element sub-system to the sensor sub-system in the

manner further elucidated below.
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The base unit 6 of the sensor unit 2 contains sensor

operation device 32 connected to at least one sensor 7. This
sensor electronics 32 contains the elements required' to
operate the sensor 7 and thereby to measure at the patient
body a parameter correlating with the glucose concentration.
The preferred embodiment includes light irradiating means
which may be LEDs mounted in the sensor 7 itself and powered
through the cable 9. Alternatively one or more light sources
may be present 1in the base unit 6, the cable 9 containing
optic fibers transmitting the 1light into the sensor 7.
Correspondingly semiconducting light detectors are present in
the sensor 7 and/or the base unit 6 to detect the light after
its interaction with the patient tissue. The sensor operation
device 32 furthermore contains electronic components such as
amplifiers to process the received signal into a sensor
measurement value S correlating with the concentration of the
analyzed substance. The sensor measurement value S is fed to a
sensor evaluation-means 33 preferably - 1n the form of
components of a micro-computer system 34 which also includes a
memory unit and which is integrated into the base unit 6. In
practice and like the analysis-element evaluation instrument
24 the sensor evaluation-electronics 33 computes analytical
data (concentrations) C, by means of an evaluation curve Cg =
g(S) stored in the memory unit 35, from the measurement values
S, sald calculation being in practice software controlled. The
evaluation curve Cg = g(S) is transmitted in wireless manner
from the central unit 3 to the base unit 6. For that purpose'
the base unit 6 1is fitted with a transceiver 36 making

possible 1n cooperation with the transceiver 29 of the central

unit wireless transmission of data between the two units 3,'6.
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The compﬁted concentration data (sensor analysis data
Cg) are stored in the memory unit 35. They may be output
independently of the central unit 3 by an output unit 38, the
design of the output unit 38 in the base unit 6 is choosen for
minimum size and consumption of battery power. Its mailn
purpose is to issue an alarm in case critical limit values of
the glucose concentration are crossed in the dangerous
direction. Appropriately the output unit 38 may be embodled as
an LED dispiay with three LEDs (normal range, danger of excess
sugar, danger of sugar deficiency). Alternatively or 1in

addition, an acoustic signal may be provided.

Fig. 2 shows the power-supply battéry 40 being part of
the base unit 6. This is important since the power drain of
analytic sensors is comparatively high. Therefore the battery
40 should be rechargeable and a voltage monitor (not shown) 1is

integrated into the base unit 6 to alert in timely manner to

the need for battery exchange.

When using the analytical system of the invention, the
patient fitted with the sensor unit 2 may be away for a
substantial time from the stationary central unit 3 without
running into problems. During this time the sensor-analysis
data Cg are stored in the memory 35. Upon returning home, and
when the patient is sufficiently close to the central unit 3
to allow wireless exchange of data between the units 3 and 6,
the sensor-analysis data Cg which were acquired in the
meantime are transferred from the memory 35 into the memory 26
of the central unit. The patient is able any time to make a
calibration using an analysis-element 12. Appropriately the
central unit 3 comprises time-keeping device reminding the

patient frequently enough to carry out an analysis by means of
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an analysis-element for purposes of calibration. Each time
such an analysis 1is performed, a new evaluation curve Cg =
g(S) 1s determined 1in the central unit 3 and transmitted to
the sensor unit 2. The cooperation of the units 3 and 6 during

calibration of the overall system is discussed further below.

As already described, the element-analysis data Cp are
calibrated by means of the evaluation curve Ca = £(R) which 1is

preferably entered 1in the form of a machine-readable code

through the data reader 28 into the memory 26. Accordingly the
analytical data Cp generated by means of the analysis-elements
will be satisfactorily accurate. A Ca value becomes available
when the patient stabs his/her finger to obtain a drop of

blood 41 which then 1is analyzed by means of the analysis-

element 12 and the measurement device 23 and evaluation
electronics 24. Such a measurement may take place at
substantial time intervals, for instance once or twice daily.
Fig. 3 shows the analysis data determined at times t, through

ts in the form of data points 39.

By means of 1its sensor operation device 32 and
evaluation electronics 33, the sensor 7 generates sensor-
analysis data Cg, said generation taking place continuously or
.at such minute intervals that a practically continuous

sequence of Cg values 1s stored in the memory 35 and can be

transferred to the central unit 3 when the units 2 and 3 are
in the mutual .data transmission mode. Fig.. 3 shows the. time-
function of the Cg values as the dashed 1line A. Element-
analysis data C, are used to calibrate the sensor-analysis
data Cg. Thils procedure may be carried out for instance 1in
such a way that at each calibration time t, through tg the

sensor calibration means 30 compares the analytical data C,
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and Cg stored in the memory 26. The sensor calibration means

30 determines from said comparison a new corrected evaluation

curve Cg = g(S) which it then transfers through the
transceiver components 29, 36 to the base unit 6 where the new
evaluation curve will be used in the memory 35 for future
computations of sensor-analysis data Cg using the sensor
evaluation electronics 33. The new evaluation curve Cg = g(S)
ascertained during calibration may be used simultaneously to
back-correct sensor-analysis data already stored in the memory
26 at least as far back as the time of the preceding element-
analysis. Accordingly as regards the example shown in Fig. 3,
a backward correction to the time t, may be achieved on the
basis of the concentration value Cp(t,) obtained at time t,.
Similar considerations apply to going back from the time t; to
the time t, etc. The corrected function of the sensor-analysis
data following calibration 1is shown by the solid line B 1in

Fig. 3.

This calibration method was described as an example
only. Obviously it may be implemented in a different way, 1in
particular when adapted to specific evaluation methods used
for determining the analytical data Cg or C,. Numerical
mathematical procedures for determining one concentration
value Cg from a large number of test values (for 1instance
intensity values at many different wavelengths) are especilally
applicable. Among these procedures is the partial least-

squares method.

The storage capacity of the memories 35 and 26 in the

sensor and central units 2 and 3 resp. 1s made to match the

particular applicatiOns. The memory 35 1s used merely for the

intermediate storage of relatively small volumes of data,
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namely the concentration values for the maximum time interval
during which the patient together with his/her sensor unit 2
is away from the central unit 3. Preferably the capacity of
the memory 35 1s adequate for the amount of data generated in
a time interval of at least 2 h, preferably at least 8 h. As a
rule the memory 26 of the central unit 3 is substantially
larger and may store both analytical and calibration data
generated over 1long time intervals (at least one week).
Appropriately the central unit 3 is fitted with an interface
(not shown) whereby salid data are transferred as required for
further processing for instance to a PC used 1n the medical

office to store the patient data.

The display of the analytical data by the central unit
3 may be alpha-numeric as shown in Fig. 1. Preferably the
display 21 of the central unit 3 1is graphic and allows a
graphical representation of the time-sequence of the sensor-
analysis data. In the display shown in Fig. 4, for instance,
the 1instantaneous glucose value 1s symbolized by the central
black strip 50. The light-gray display zone 51 corresponds to
the standard range of the glucose values, whereas the dark-
gray zone 52 shows the upper alarm 2zone (danger of
hyperglycemia) and the lower black 2zone 1is the lower alarm
range (danger of hypoglycemia). The trend at the time, in this

case rising glucose values, is indicated by an arrow 54 in the

display.

The time function of the glucose values is shown over
a more substantial time interval in the graph display of Fig.
5. The standard range of the glucose values is indicated by
two warning limits 56, 57 at the middle of the display. The

sequence o0f the glucose values 1is shown as a comparatively
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broad line 58. Already for some time this line 58 has been in

the upper alarm zone of Fig. 5 and, for instance following an

injection of insulin, now begins to drop.

The graph displays of Figs. 4 and 5 make use of the
special ability of the system of the invention to reliably and
practically continuously determine the glucose values. The
evaluation means 24 of the central unit 3 (where called for
also the evaluation means 33 of the base unit 6) for that
purpose again contains a preferably software driven
discriminator permitting the determination of the glucose-
value sequences at any 'time and hence the trend. This
additional information is highly 'valuable in the therapy of

diabetes mellitus.l
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The embodiments of the invention in which an exclusive property or privilege
is claimed are defined as follows:

1. An analytical system for monitoring patient blood concentration
of a substance to be analyzed, comprising:

A) an element-analysis system comprising:
at least one analysis-element containing a reagent for reacting
with the analyzed substance after said at least one analysis element has been
brought 1n contact with a patient blood-drop to cause a measurable change in
the analysis-element, said change correlating with the concentration of said
analyzed substance, and
an evaluation instrument comprising a measurement device to
measure said change and an evaluation means to determine, from the
measurement values so obtained, analytical data representing element analysis
data C As
said analytical system further comprising:
B) a sensor analysis system comprising:

(1) a sensor unit portable on the patient body, said sensor unit including
a sensor borne on the patient body for the direct and reagent-free

non-invasive measurement of a parameter correlating with the
concentration of the analyzed substance, and a transmitter for the
wireless transmission of data signals; and

(i1)  a sensor-analysis means to ascertain sensor-analysis data Cq from the
measurement values of said parameter measured by said sensor; and

said evaluation instrument further comprising:

(a) a receiver to receive in wireless manner the data signals from the
Sensor unit;

(b) calibration means to calibrate the sensor-analysis data Cq on the basis
of the element-analysis data C,; and

(c) a data memory for the long-term storage of analytical data, whereby
said evaluation instrument forms a central umit of an integrated
analysis element/sensor monitoring system.

2. An analytical system according to claim 1, wherein said sensor
unit comprises a light source irradiating light into the tissue of a patient body-
part and a light detector detecting the light after i1t has interacted with the
tissue of said body part in order to determine a physical light property which
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varies due to the interaction with the tissue thereby forming a parameter
correlating with the concentration of the analyzed substance in the patient

blood, the sensor-analysis data Cg being ascertained from said parameter.

3. An analytical system according to claim 1 or 2, wherein said
sensor unit comprises a base unit and a sensor connected by cables to the base
unit, said base unit containing the power supply for the sensor unit.

4. An analytical system according to claim 3, wherein said sensor
unit comprises at least two sensors connected by cables to a common base
unit.

5. An analytical system according to claim 1, 2, 3 or 4, wherein
sald sensor unit includes said sensor analysis means for ascertaining said
sensor-analysis data Csg.

6. An analytical system according to claim 5, wherein said sensor
unit comprises display means for displaying information representing said
sensor-analysis data Csg.

7. An analytical system according to claim 5 or 6, wherein said

transmitter of said sensor unit and said receiver of said central unit are
adapted to form a transceiver system to allow interactive data exchange
between the sensor unit and the evaluation mstrument.

8. An analytical system according to claim 1, 2, 3, 4, 5, 6 or 7,
wherein the sensor unit contains a memory adapted for storing the sensor-
analysis data Cq ascertained in a time interval of at least 2 hours.

9. An analytical system according to claim 8, wherein said time
interval is at least 8 hours.

10. An analytical system according to any one of claims 1 to 9,
wherein the central unit comprises a graph display for the graphical repre-
sentation of the time dependence of the sensor-analysis data Cg.

11. An analytical system according to claim 10, wherein said graph
display has a plurality of different display modes for displaying variational
trends.
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12. An analytical system for momnitoring and analyzing a
concentration of a substance 1n blood of a patient, said system comprising:

an eclement-analysis system, said element-analysis system
comprising at least one analysis element containing a reagent thereupon, said
reagent for reacting with the substance in a sample of the blood when said at
least one analysis element has been brought in contact with the sample,
thereby causing a measurable change R i1n the analysis element which
corrclates with the concentration of the substance and an evaluation
instrument having a measuring device therein, said measuring device for
measuring the measurable change R in the analysis element, the evaluation
instrument also including an evaluation means for determining element-
analysis data C, from the measured change R; said analytical system further
comprising:

a sensor-analysis system, said sensor-analysis system
comprising:

(1) a sensor unit configured to be affixed to and thus continuously
carried on the body of the patient, said sensor unit including a first
sensor means for non-invasive determination of a measured value of
a parameter S correlating with the concentration of the substance in
the blood of the patient and for generating sensor data signals
representing the non-invasively measured parameter S, said sensor
unit also including a transmitter means for wireless transmission of
data signals representing the non-invasively measured parameter S;
and

(1) an evaluation unit remotely disposed from said sensor unit for
wirelessly receiving data signals transmitted from said sensor unit,
saild evaluation unit comprising receiver means for wirelessly
receiving the data signals representing the non-invasively measured
parameter S from the sensor unit, and sensor analysis means for
ascertaining sensor-analysis data Cg from the transmitted data
signals;

wherein said evaluation unit of the sensor-analysis system and
sald evaluation instrument of the element-analysis system are coupled
together in a central unit which is remote from said sensor unit, said central
unit including a calibration means for performing a calibration of the data
representing the non-invasively measured parameter S and for determining
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sensor-analysis data Cg based upon the element analysis data C,, said central
unit also comprising a data memory means coupled to said calibration means
for storing data therein.

13. An analytical system as recited in claim 12, wherein the sensor
unit comprises a light source for irradiating light into living tissue of the
patient, and a hght detector for detecting light exiting the living tissue of the
patient, after the light has interacted with the tissue, thereby providing data
indicative of a physical light property which varies based upon an interaction
of the light with the tissue, thereby resulting in the parameter S which
correlates with the concentration of the analyzed substance in the patient

blood, and wherein the sensor analysis data Cg 1s ascertained from the
parameter S.

14. An analytical system as recited in claim 12 or 13, wherein said
sensor unit comprises a base umit and the first sensor means, said base unit
and said first sensor means being operably connected by cables, said base unit
including a power supply for the first sensor means.

15. An analytical system as recited in claim 14, wherein the sensor
unit further comprises a second sensor means, said second sensor means being
connected by a cable to the base unit, wherein said first and second sensor
means provide first and second measured values for correlation with the
concentration of the analyzed substance in the patient blood.

16. An analytical system as recited in claom 12, 13, 14 or 15,
wherein the transmitter means of the sensor unit and the receiver means of the
evaluation instrument are configured to form a transceiver system, said
transceiver system conducting an interactive data exchange between the
sensor unit and the evaluation instrument.

17. An analytical system as received in claim 16, wherein the sensor
unit also comprises processing means for processing said sensor data signals
and for generating sensor-analysis data Cg therefrom, and display means for
displaying information representing the sensor analysis data.
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18. An analytical system as recited in claim 12, 13, 14, 15, 16 or 17,
wherein said sensor unit is configured to wirelessly transmit said data signals
at random operation intervals.

19. A method for monitoring and analyzing a concentration of a
substance 1n blood of a patient, comprising the steps of:

applying a blood sample to an analysis element having a reagent
thereupon, wherein said reagent reacts with the substance in the blood sample,
thereby causing a measurable change R in the analysis element correlating
with the concentration of the substance;

measuring the measurable change R in the analysis element with
an element-analysis system;

inputting measurement values of the measurable change R into
an evaluation instrument of said element-analysis system for determining
element-analysis data C, based upon the measured change R;

non-invasively measuring a parameter S correlating with the
concentration of the substance in the blood of the patient with a sensor unit of
a sensor-analysis system, said sensor unit affixed to a body of the patient and
remotely disposed from said evaluation instrument, said step of non-
invasively measuring including the steps of irradiating light into living tissue
of the patient, and detecting a physical property of light exiting the living
tissue which varies based upon an interaction of the light with the tissue, for
generating signals corresponding to the parameter S;

wirelessly transmitting data signals representing the non-
invasively measured value from the sensor unit via a wireless transmitter to a
receiver of an evaluation unit which 1s remotely disposed from said sensor
unit and is a part of the sensor analysis system, and which is coupled 1n a
central unit to said element-analysis system;

receiving said wirelessly transmifted data signals in the receiver;

determining sensor-analysis data Cg from the transmitted data
signals using a calibration based on a comparison of the transmitted data
signals to element-analysis data C, in said evaluation umt, said sensor-
analysis data Cq representing the concentration of the substance in the blood
of the patient.

20. A method for monitoring and analyzing a concentration, of a
substance in blood of a patient, said method compnising the steps of:
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providing an evaluation instrument of an element-analysis
system for evaluating a concentration of a substance in a blood sample of the
patient;

providing a sensor-analysis system including a sensor unit
configured to be affixed to and continuously carried on the body of the
patient, and an evaluation unit remotely disposed from the sensor unit;

applying the blood sample to an analysis element having a
reagent thereupon, wherein said reagent reacts with the substance in the blood
sample, thereby causing a measurable change R in the analysis element
correlating with the concentration of the substance;

measuring the measurable change R in the analysis element;

determining element-analysis data C, based upon the measured
change R,

inputting the element-analysis data C, to said evaluation unit of
said sensor-analysis system, thereby providing -calibration information
therefor:;

non-invasively measuring a parameter S correlating with the
concentration of the substance in the blood of the patient with the sensor unit
of the sensor-analysis system, said step of non-invasively measuring including
the steps of irradiating light into living tissue of the patient, and detecting a
physical property of light exiting the living tissue which varies based upon an
interaction of the light with the tissue, for generating signals corresponding to
the parameter S; wirelessly transmitting data signals representing the non-
invasively measured value from the sensor unit to a receiver of the sensor-
analysis system, said receiver being remotely disposed from said sensor unit
and being coupled to said element-analysis system;

receiving said wirelessly transmitted data signals 1n the receiver;
and

determining sensor-analysis data Cg from the transmitted data
signals using a calibration which is based on a comparison of the transmitted
data signals to element-analysis data C, in said evaluation unit, said sensor-
analysis data Cg representing the concentration of the substance in the blood
of the patient.

21. A method as recited in claim 20, wherein said evaluation
instrument of said element analysis system and said receiver of the sensor-
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analysis system are remotely disposed in a central unit, said receiver being in
wireless communication with said sensor unit.

22. A method as recited in claim 19, wherein said step of wirelessly
transmitting data signals occurs at random intervals.

23. A method as recited in claim 19, wherein the set of steps
comprising said applying step, measuring step, and inputting step occurs at
random intervals.

24, A method as recited in claim 20 or 21, wherein said step of
wirelessly transmitting data signals occurs at random intervals.

23, A method as recited in claim 20 or 21, wherein the set of steps
comprising said applying step, measuring step, and inputting step occurs at
random intervals.
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