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Description
FIELD OF THE INVENTION

[0001] Thisinvention isin the field of optical measure-
ment techniques, and relates to a device for measuring
the concentration of glucose or other substances in
blood, such as cholesterol, albumin, etc. The present
invention is useful for both in vitro and in vivo measure-
ments.

BACKGROUND OF THE INVENTION

[0002] Optical methods for determining the chemical
composition of blood are known and are typically based
on spectrophotometric measurements enabling the in-
dication of the presence of various blood constituents
based on known spectral behaviors of these constitu-
ents. These spectrophotometric measurements can be
effected either in vitro or in vivo. The measurements in
vitro are invasive, i.e., require a blood sample to be
physically withdrawn and examined. At present, these
measurements have become unpopular, due to the in-
creasing danger of infection.

[0003] The only accepted non-invasive optical meas-
urement technique for measuring blood parameters is
pulse oximetry. However, pulse oximetry provides solely
for the determination of oxygen saturation in blood. For
other blood parameters, the determination is too prob-
lematic, because their absorption spectral behavior in
red-NIR regions is not as reliable as for oxygenized and
non-oxygenized hemoglobin. As a result, patients suf-
fering from diabetes who need to control their disease
by monitoring their blood glucose levels, especially after
walking, eating or exercising, still have to draw a small
blood sample from their fingertip, apply and use moni-
toring strips and use a small machine.

[0004] Various techniques have been developed
aimed at facilitating the measurement of the concentra-
tion of glucose in a patient's blood. These techniques
are disclosed, for example, in the following publications:

- "Blood Analysis: Noninvasive Methods Hover on
Horizon ", K. Robinson, Biophotonics International,
May/June 1998;

- "Glucose- and Blood-Monitoring Systems Vie for
Top Spot”, Susan M. Reiss, Biophotonics Interna-
tional, May/June 1997;

- "Optical Glucose Sensing in Biological Fluids: and
Overview", Roger J. McNichols, Gerard Cote, Jour-
nal of Biomedical Optics, January 2000, Vol. 5. No.

1, pp. 5-16; and
- US Patents Nos. 5,209,231; 5,398,681; 5,448,992;
5,687,721; 5,692,504; 5,551,422; 5,676,143;

5,533,509; 5,687,721; 4,901,728.

[0005] Most of the above techniques are based on the
known phenomenon consisting in that glucose, being an
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optically active medium, rotates polarized light, and the
higher the concentration of glucose, the greater the ro-
tation.

[0006] According to all prior art techniques, measure-
ments are applied to a blood flow containing medium
during the state of normal blood flow, and the measured
signals are pulsatile-related signals.

[0007] A different technique for measuring various
blood-related parameters has been developed and dis-
closed in WO 99/65384, assigned to the assignee of the
present application. This technique utilizes the so-called
occlusion-release mode, wherein over-systolic pres-
sure is applied to a patient's blood perfused fleshy me-
dium so as to create the state of blood flow cessation at
a measurement location. Optical measurements are ap-
plied during a time period including cessation time, dur-
ing which the state of blood flow cessation is maintained,
and time dependencies of "non-pulsatile” light respons-
es of the medium are determined for at least two wave-
lengths of incident radiation. This technique enables to
significantly enhance the light response signal, as com-
pared to that obtained with the pulse oximetry. EP-A-0
030 610 discloses a system for polarimetric determina-
tion of the concentration of substances in patient's
blood.

GENERAL DESCRIPTION OF THE INVENTION

[0008] The main idea of the present invention as de-
fined in the appended claims. It is based on measuring
the time variations of light responses of a blood contain-
ing medium corresponding to different polarization
states of detected light. Generally speaking, the present
invention is based on establishing the correlation be-
tween the kinetics of changes in the properties of blood
containing scattering affecting or optically active sub-
stances (mainly, glucose), and the kinetics of changes
in the state of polarization of linearly polarized radiation
scattered by tissue containing blood vessels and capil-
laries.

[0009] Thus, the system of the present invention, is
useful in a method of optical measurements for deter-
mining the concentration of a substance in a patient's
blood, the method comprising the steps of:

- performing optical measurement sessions within a
certain period of time by illuminating a measure-
ment location in a blood containing medium with in-
cident light of at least one selected wavelength, de-
tecting, at each measurement session, at least two
light responses of the medium characterized by at
least two different polarization states of detected
light, respectively, and generating data representa-
tive thereof; and

- obtaining measured data in the form of at least two
time variations of the light responses of the medium,
a relation between the time variations being indica-
tive of the concentration of the substance in blood.
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[0010] It should be understood that the term "meas-
urement session" signifies at least two measurements,
taken either sequentially or simultaneously, including
the illumination of the measurement location with at
least one wavelength of incident light and the detection
of at least two light responses characterized by different
polarization states of the detected light, respectively. By
performing more than one measurement session, either
continuously or timely separated, the time variations of
light responses of different polarization states are ob-
tained.

[0011] The present invention utilizes the principles of
the above-indicated occlusion-release technique to ap-
ply optical measurements during the state of blood flow
cessation at a measurement location. With the system
of the present invention, however, measurements are
carried out in a manner to detect at least two light re-
sponses of the medium characterized by two different
states of polarization, respectively, and to measure time
variations of the light responses. To this end, pressure
is applied to a location on the blood containing medium
(e.g., over-systolic pressure applied to the patient's
blood perfused fleshy medium, in the case of non-inva-
sive measurements), and the measurement location to
which the optical measurement sessions are applied, is
located downstream of the pressurized location with re-
spect to the blood flow direction. The application of pres-
sure causes artificial change in the velocity of blood,
namely, causes the state of blood flow cessation at a
location downstream of the pressurized location. The ar-
tificial change in the blood results in the aggregation of
red blood cells (Rouleaux effect) with time-varying
shape and size of aggregates. At the state of the blood
flow cessation, when there is actually no blood flow, no
shear forces prevent the erythrocytes' aggregation
process. Hence, the light response (transmission or re-
flection) of the blood perfused fleshy medium at the state
of the blood flow cessation can be considered as the
time dependence of scattering in a system with growing
scatterers.

[0012] Glucose, being the main optically active sub-
stance in blood, influences the optical characteristics of
scattered and partly absorbed radiation in a complicated
manner. More specifically, glucose introduces changes
in the ratio of refraction indices of erythrocytes and sur-
rounding plasma, and introduces spectrally dependent
optical rotation (rotary dispersion). These factors lead
to dynamic changes in the state of polarization, in par-
ticular the polarization or depolarization degree, under
the condition of kinetic changes in the aggregates in the
case of periodical application of occlusion (occlusion-
release sessions).

[0013] Dynamic multiple scattering increases the op-
tical path of radiation scattered from a blood sample
and, consequently, the angle of rotation of polarization
of incident light. Additionally, it is known that the state of
polarization of incident light affects the light scattering
properties (via the Stokes parameters). Thus, the re-
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sults of the transmission or reflection measurement will
be governed by the state of polarization of the incident
light This means that any change in the relative refrac-
tion index of the scatterer (i.e., red blood cell in the case
of blood) will affect the measured light intensity differ-
ently depending on the state of polarization of the inci-
dent light. Since the concentration of the scattering af-
fecting substance in blood (e.g., an optically active sub-
stance such as glucose) affects the relative refractive
index, any parameter utilizing the combination of two or
more different polarization measurements will be sensi-
tive to the concentration of this substance.

[0014] Thus, the optically active or scattering affecting
substance in a medium (e.g., glucose in blood) may in-
fluence the optical characteristics of the medium in two
different ways: (1) through the optical activity and (2)
through the polarization dependent scattering. The op-
tical response of the system in the polarization depend-
ent measurement set-up provides additional information
relating to the substance concentration in the medium.
[0015] In order to pick up substantially multiple-scat-
tered radiation, an analyzer means of a radiation receiv-
ing unit is mounted such that its plane of preferred po-
larization is oriented at a predefined angle (for example,
orthogonal) to that of a polarizer means of a radiation
source.

[0016] Generally, the measurements may be carried
out with one wavelength of incident radiation lying in vis-
ual or near infrared spectra, but with two or more differ-
ent polarization states of either the incident or the col-
lected radiation. However, to increase the accuracy of
measurements, taking into account the dispersion of op-
tical rotation, the measurements with different polariza-
tion states of the light response may be repeated for two
or more different wavelengths of incident radiation. To
decrease incidental fluctuations, multiple measurement
sessions are performed by the alternation of aggrega-
tion-deaggregation cycles (i.e., multiple occlusion-re-
lease sessions) with the synchronization of start and
end points of measurements and with subsequent sta-
tistical averaging.

[0017] By standardizing the measurement conditions
and performing preliminary calibration on blood sam-
ples with known concentrations of glucose, the method
of the present invention enables to determine the level
of glucose in blood in-vitro, as well as in-vivo.

[0018] Thus, the method consists of determining
quantitative relationship between the kinetics of chang-
es in polarized light (while at the "flow-stop" mode)
passed through an absorbing and scattering medium
that contains a certain concentration of scattering affect-
ing substance, and the concentration of this substance.
The medium under measurements is the patient's blood
perfused fleshy medium, e.g., his finger, when dealing
with in vivo measurements, or a suspension of RBC in
cuvette, in the case of in vitro measurements.

[0019] The method consists of two stages: At the first
stage, correlation between the concentration of a sub-
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stance (glucose) and a predefined, non-dimensional pa-
rameter, R, is measured. This measurable parameter R
is indicative of some kind of a mathematical relation be-
tween the two opto-kinetic signals (occlusion curves),
generated by scattering, absorption and polarization
changes, occurring during the state of blood aggrega-
tion.

[0020] For example, the parameter R may present a
parametric slope (tangent of the angle of inclination) of
a curve representative of multiple scattered polarized
light. Graphically, this is an inclined line in coordinates
(T4-Ty), or (logT4-logT,), wherein T4 is the light re-
sponse of the medium with one state of polarization (e.
g., linearly polarized light), and T, is the light response
of the medium with another state of polarization. These
different light responses may, for example, be obtained
by illuminating the medium with incident light of the
same wavelength but different polarization states. Since
this curve is indicative of the kinetic curves reflecting the
complete attenuation of the polarized and unpolarized
light, respectively, it actually presents a curve of the mul-
tiple scattered polarized light.

[0021] Another possible example of such a parameter
R may be the degree of depolarization of the collected
light, which is the function of time and can be calculated
as follows: (T4-T))I(T,+T,). This function is different for
different wavelengths of incident light.

[0022] The measurable parameter R (e.g., parametric
slope of the curve T,(T,) or degree of depolarization) is
indicative of the glucose concentration in the blood un-
der measurements. To determine the glucose concen-
tration Cg, reference data in the form of a calibration
curve R(Cg,) is previously obtained. The calibration
curve may be different for different measurement devic-
es. Thus, at the second stage, the concentration of glu-
cose is determined using the calibration curve.

[0023] The calibration curve may be obtained by ap-
plying the measurements with the system of the present
invention to blood samples (or plurality of patients) with
the known concentration of glucose. The calibration
curve may be plotted with respect to the same patient,
by causing changes in the concentration of glucose in
his blood and applying the technique for determining the
corresponding value of the parameter R.

[0024] Thus, with the system of the present invention,
there is made possible a method of optical measure-
ments for determining the concentration of a substance
in a patient's blood, the method comprising the steps of:

- creating a state of blood flow cessation within a
measurement location in a blood flow containing
medium, and maintaining said state during a certain
cessation time;

- performing optical measurement sessions within a
time period including said certain cessation time,
the optical measurements including illumination of
the measurement location with incident light of at
least one selected wavelength, detection, at each
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measurement session, of at least two light respons-
es of the medium characterized by at least two dif-
ferent polarization states of detected light, respec-
tively, and generation of data representative there-
of;

- obtaining measured data in the form of at least two
time variations of the light responses of the medium,
a relation between the time variations being indica-
tive of the concentration of the substance in blood.

[0025] Furthermore, a method of optical measure-
ments for non-invasively determining the concentration
of a substance in a patient's blood is made possible, the
method comprising the steps of:

- applying over-systolic pressure to a location on the
patient's blood perfused fleshy medium, thereby
creating a state of blood flow cessation within a
measurement location downstream of the location
of application of pressure, and maintaining said
state during a certain cessation time;

- performing optical measurement sessions within a
time period including said certain cessation time,
the optical measurements including illumination of
the measurement location with incident light of at
least one selected wavelength, detection, at each
measurement session, of at least two light respons-
es of the medium characterized by at least two dif-
ferent polarization states of detected light, respec-
tively, and generation of data representative there-
of;

- obtaining measured data in the form of at least two
time variations of the light responses of the medium,
a relation between the time variations being indica-
tive of the concentration of the substance in blood.

[0026] According to yet another use of the inventive
system, there is made possible a method for determin-
ing the concentration of a substance in a patient's blood,
the method comprising the steps of:

- providing reference data indicative of a preset
measurable parameter as a function of values of
said concentration;

- creating a state of blood flow cessation within a
measurement location in a blood flow containing
medium, and maintaining said state during a certain
cessation time;

- performing optical measurement sessions within a
time period including said certain cessation time,
the optical measurements including illumination of
the measurement location with incident radiation of
atleast one selected wavelength, detection, at each
measurement session, of at least two light respons-
es of the medium characterized by at least two dif-
ferent polarization states of detected light, respec-
tively, and generation of measured data represent-
ative thereof;
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- utilizing the measured data for obtaining measure-
ment results in the form of at least two kinetic curves
of the light responses of the medium as functions
of time corresponding to the different polarization
states of the detected light;

- analyzing said at least two kinetic curves for calcu-
lating said certain parameter indicative of relation
between them, and

- utilizing the calculated value and said reference da-
ta for determining the concentration of the sub-
stance in the patient's blood.

[0027] According to yet another aspect, there is made
possible a method for non-invasively determining the
concentration of a substance in a patient's blood, the
method comprising the steps of:

- providing reference data indicative of a preset
measurable parameter as a function of values of
said concentration;

- applying over-systolic pressure to a location of the
patient's blood perfused fleshy medium, thereby
creating a state of blood flow cessation within a
measurement location downstream of the location
of application of pressure with respect to the blood
flow direction, and maintaining said state of the
blood flow cessation during a certain cessation time
being insufficient for irreversible changes in the
fleshy medium;

- performing optical measurement sessions within a
time period including said certain cessation time,
the optical measurements including illumination of
the measurement location with incident light of at
least one selected wavelength, detection, at each
measurement session, of at least two light respons-
es of the medium characterized by at least two dif-
ferent polarization states of detected light, respec-

tively, and generation of data representative there-
of;

utilizing the measured data for obtaining measure-
ment results in the form of at least two kinetic curves
of the light responses of the medium as functions
of time corresponding to the different polarization
states of the detected light;

analyzing said at least two kinetic curves for calcu-
lating said certain parameter indicative of relation
between them, and

utilizing the calculated value and said reference da-
ta for determining the concentration of the sub-
stance in the patient's blood.

[0028] Todetectlight beams with different polarization
states, one of the following implementations is possible:

(1) The medium (at the measurement location) is
illuminated with two beams of incident radiation
having different polarization states (e.g., polarized
and unpolarized light), and a specific polarization

10

15

20

25

30

35

40

45

50

55

filtering, common for both beams of the incident
light, is applied at the detection side.

To this end, the illumination unit may comprise
two light sources (e.g., sequentially operable) gen-
erating two light beams, respectively, and compris-
es either a single polarizer mounted stationary in
the optical path of one of the generated beams, or
two polarizers with different orientations of their
planes of preferred polarization mounted in the op-
tical paths of the two beams, respectively. Alterna-
tively, a single light source can be utilized to gener-
ate two timely separated beams of incident light. In
this case, a polarizer of the illumination unit is shift-
able between its operative and inoperative posi-
tions, being in and out of the optical path of the in-
cident beam, respectively.

As for the detection means, it comprises a de-
tector unit equipped with an analyzer mounted sta-
tionary in the optical path of light returned from the
medium (e.g., transmitted), provided the plane of
preferred polarization of the analyzer is specifically
oriented with respect to that of the polarizer(s) of
the illumination unit
(2) The medium is illuminated with an incident beam
having a predefined polarization state, and different
polarization filtering is applied at the detection side
with respect to two spatially separated light compo-
nents of a transmitted (or reflected) beam, respec-
tively. For this purpose, the illumination unit com-
prises a single light source emitting a beam of light,
and a single polarizer mounted in the optical path
of the emitted beam. The detection means compris-
es a pair of detector units and either two differently
oriented analyzers mounted in front of the detector
units, respectively, or a single analyzer mounted in
front of one of the detector units only.

[0029] According to yet another broad aspect of the
presentinvention, there is provided a measurement sys-
tem for determining the concentration of a substance in
a patient's blood, the system comprising:

- ameasurement device that comprises a pressuriz-
ing assembly for applying pressure to a blood flow
containing medium, so as to create a state of blood
flow cessation at a measurementlocation in the me-
dium downstream of the pressurized location with
respect to the direction of blood flow; and a meas-
uring unit for performing optical measurement ses-
sions at said measurement location, the measuring
unit comprising an illumination system and a light
collection/detection system which are operable to
detect, at each measurement session, at least two
light responses of the medium characterized by at
least two different polarization states of detected
light, respectively, and generate measured data
representative thereof; and

- acontrol unit connectable to the measurement de-
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vice for selectively operating said measuring unit
and said pressurizing assembly, such that the state
of blood flow cessation is maintained during a cer-
tain cessation time and the optical measurement
sessions are performed within a time period includ-
ing said cessation time,

the control unit being responsive to said
measured data to determine time variations of said
at least two light responses of the medium corre-
sponding to at least two different polarization states
of the detected light, and analyze the time variations
for determining a preset parameter measured as a
relation between the time variations, and determin-
ing the concentration of said substance using refer-
ence data indicative of the preset measurable pa-
rameter as a function of values of the substance
concentration.

[0030] According to yet another aspect of the present
invention, there is provided a measurement system for
non-invasively determining the concentration of a sub-
stance in a patient's blood, the system comprising:

a measurement device that comprises a pressuriz-
ing assembly operable to apply over-systolic pres-
sure to a location on the patient's blood perfused
fleshy medium, so as to create a state of blood flow
cessation at a measurement location in the medium
located downstream of the location of the applica-
tion of pressure; and comprises a measuring unit
operable to perform optical measurement sessions
to said measurement location, the measuring unit
comprising an illumination system and a light col-
lection/detection system which are operable so as
to detect at least two light responses of the medium
characterized by at least two different polarization
states of detected light, respectively, and generate
measured data representative thereof; and
a control unit connectable to the measurement de-
vice for selectively operating said measuring unit
and said pressurizing assembly, such that the state
of blood flow cessation is maintained during a cer-
tain cessation time being insufficient for irreversible
changes in the fleshy medium, and the optical
measurement sessions are performed within a time
period including said cessation time, the control unit
being responsive to said measured data to deter-
mine time variations of said at least two light re-
sponses of the medium corresponding to at least
two different polarization states of the detected
light, and analyze the time variations for determin-
ing a preset parameter measured as a relation be-
tween the time variations, and determining the con-
centration of said substance using reference data
indicative of the preset measurable parameter as a
function of values of the substance concentration.
According to yet another aspect of the present
invention, there is provided a measurement device
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for performing non-invasive optical measurements
for determining the concentration of a substance in
a patient's blood, the device comprising

a pressurizing assembly operable to apply over-
systolic pressure to a location on the patient's blood
perfused fleshy medium, so as to create a state of
blood flow cessation at a measurement location in
the medium located downstream of the location of
application of pressure, and to maintain said state
during a certain cessation time being insufficient for
irreversible changes in the fleshy medium; and

a measuring unit operable to perform optical meas-
urement sessions at said measurement location
within a time period including said cessation time,
the measuring unit comprising an illumination sys-
tem and a light collection/detection system which
are operable to detect, at each measurement ses-
sion, at least two light responses of the medium
characterized by at least two different polarization
states of detected light, respectively, and generate
measured data representative thereof, the meas-
ured data being indicative of time variations of said

at least two light responses of the medium corre-
sponding to at least two different polarization states
of the detected light, a relation between said time
variations being indicative of the concentration of
said substance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Inorderto understand the invention and to see
how it may be carried out in practice, a preferred em-
bodiment will now be described, by way of non-limiting
example only, with reference to the accompanying
drawings, in which:

Fig. 1Ais a schematicillustration of a measurement
device according to the invention used for non-in-
vasive measurements of glucose concentration;
Fig. 1B is a schematicillustration of a measurement
device according to the invention used for invasive
measurements of glucose concentration;

Figs. 2A to 2E illustrate five different examples, re-
spectively, of a measurement unit according to the
invention suitable to be used in the device of either
Fig. 1A or Fig. 1B;

Fig. 3 illustrates a time dependence of light re-
sponse of a blood containing medium, at an occlu-
sion-release mode of operation of the measure-
ment device according to the invention;

Fig. 4 graphically illustrates the experimental re-
sults of the operation of the device of Fig. 1A (in
vivo), in the form of two time variations of the light
responses of the medium corresponding to two dif-
ferent polarization states of detected light; respec-
tively;

Fig. 5A graphically illustrates the relation between
the two curves in Fig. 4 in logarithmic coordinates
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for the same value of actual glucose concentration,
used for the determination of a parametric slope;
Fig. 5B illustrates different graphs with different
parametric slopes corresponding to different values
of the concentrations of glucose, respectively;

Fig. 6 illustrates a calibration curve obtained from
the graphs of Fig. 5B, and used for determining the
level of glucose in the patient's blood; and

Fig. 7 illustrates the correlation between the meas-
urements of glucose concentration obtained by the
measurement device according to the invention and
by the standard glucometer "Elite".

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0032] ReferringtoFig. 1A, thereisillustrated a meas-
urement system 1, according to one embodiment of the
invention. The system is intended for in vivo optical
measurements of patient's blood parameters utilizing an
occlusion-release-based technique. The system 1 com-
prises a measurement device, which is applied to the
patient's finger F (constituting a blood containing medi-
um or BCM) and a control unit.

[0033] The measurement device comprises such
main constructional parts as a measuring unit (or optical
sensor), generally designated 10, and a pressurizing as-
sembly (the so-called "occluder") 20. Control unit 30 is
connectable to the measurement device, namely, to the
measuring unit 10 and to the occluder 20 to selectively
operate each of them. The occluder 20 is operable by
the control unit 30 to apply over-systolic pressure to a
firstlocation L, on the finger F and maintain the pressure
during a certain time period (cessation time). Such ap-
plication of the over-systolic pressure at the location L,
results in the creation of the state of blood flow cessation
at a second location L,, which is located downstream of
the first location L, with respect to the blood flow direc-
tion, and maintenance of the blood flow cessation state
during the cessation time, which is insufficient for irre-
versible changes in the fleshy medium. The measuring
unit 10 is operable by the control unit 30 to apply optical
measurements at the measurement location L, during
the cessation time.

[0034] In the present example, the occluder 20 is
composed of a cuff 21A wrapping the finger at the loca-
tion L, (finger's basis), and a driver 22A coupled to the
cuff 21A for operating the squeezing thereof. The meas-
uring unit 10 includes an illumination system 11 and a
light collection/detection system 13, which, in the
present example, is accommodated so as to detect light
transmitted through the medium at the measurement lo-
cation L, (finger tip). It should, however, be understood
that by appropriately designing the measurement unit,
light reflected from the medium could be detected.
[0035] The control unit 30 comprises a controller 31
which is coupled to the driver 22A, to the illumination
system 11, and to the output of the detection system 13
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via a data acquisition and signal processing (DASP) util-
ity 32. Also provided in the control unit is a memory 33
for storing certain reference data (as will be described
more specifically further below), and a monitor 34 inter-
connected between the controller 31 and DASP utility
32,

[0036] Fig. 1B illustrates a measurement system 100
according to another example of the invention aimed at
in vitro measurements. To facilitate understanding, the
same reference numbers are used for identifying those
components, which are common in the systems 1 and
100. A flow of the patient's blood sample is directed
through a flow cuvette FC, which thus presents a blood
containing medium (BCM) with the measurement loca-
tion L, thereinside. The occluder 20 is a pneumatic as-
sembly composed of a peristaltic pump 21B associated
with its driver 22B connected to the control unit 30 and
operated for creating the state of blood flow cessation
in the flow cuvette FC.

[0037] For the purposes of the present invention, the
construction and operation of the measuring unit (i.e.,
illumination and detection systems) is aimed at provid-
ing the detection of at least two time variations of light
responses (transmission) of the BCM corresponding to
at least two different polarization states of detected light,
respectively. To this end, the measuring unit is operable
to perform at least two timely separated measurement
sessions, each including the illumination of the meas-
urement location with at least one wavelength of inci-
dent light, and the detection of light responses of the
medium characterized by different polarization states of
the detected light, respectively. Figs. 2A-2E illustrate dif-
ferent possible examples of the implementation of the
illumination and detection systems.

[0038] According to the examples of Figs. 2A-2C, the
difference in the polarization states of the detected light
beams is introduced at the illumination stage, and con-
sequently, two incident light beams are timely separat-
ed. In the examples of Figs. 2D and 2E, this difference
is introduced by performing polarization filtering at the
light collection/detection stage, and therefore, a single
incident light beam can be generated for performing two
measurement sessions.

[0039] Inthe example of Fig. 2A, the illumination sys-
tem 11 comprises an illuminator including two light
sources or emitters E4 and E, (e.g., LEDs) generating
light beams B4 and B,, respectively, and comprises a
polarizer P, installed in the optical path of one of the
emitted beams - beam B in the present example. Thus,
beams B,' and B, impinging onto the BCM are, respec-
tively, polarized and unpolarized beams. Beams B, and
B, have the same selected wavelength in the visual or
near infrared spectra. The light sources E4 and E; may
be sequentially operated by the control unit, so as to
provide time separation between the incident beams B’
and B,.

[0040] The detection system 13 comprises a detector
unit D (e.g., photodetector) and an analyzer A mounted
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in the optical path of light ensuing from the BCM, namely
beams B4" and B," corresponding, respectively, to the
incident beams B4' and B,. The analyzer A has a plane
of preferred polarization oriented different from that of
the polarizer P4, being for example, orthogonal thereto.
The detector unit D detects a first light response B4™
and a second light response B,™ of the BCM character-
ized by different polarization states of detected light.
[0041] To perform at least two timely separated meas-
urement sessions (to obtain time variations of the light
responses), the illumination with the pair of beams B4’
and B, is repeated at different moments of time, or is
performed continuously, in which case, the detection is
carried out at different moments of time. It should be un-
derstood that, although a common diagram is used for
illustrating the light propagation within the measuring
unit 10 with respect to both incident beams, the corre-
sponding diagram parts relate to timely separated
events (measurement sessions).

[0042] It should be noted, although not specifically
shown, that the same effect of providing two incident
beams with different polarization states may be
achieved by utilizing a single light source and a polariz-
er, which is shiftable between its operative and inoper-
ative position, being, respectively, in and out of the op-
tical path of the incident beam. Alternatively, a polarizing
assembly may be installed stationary in the optical path
of the incident beam and selectively operable to change
the plane of preferred polarization.

[0043] According to the example of Fig. 2B, two dif-
ferent polarizers P, and P, (i.e., with different orienta-
tions of their planes of preferred polarization) are in-
stalled in the optical paths of emitted beams B4 and B,
respectively, thereby providing beams B, and B,' prop-
agating towards the BCM. As for the detection system,
its analyzer A has a predefined orientation of its plane
of preferred polarization, different from that of the polar-
izer P4 and of the polarizer P,. Each of beams B4" and
B," ensuing from the BCM passes through the analyzer
A,, and is received by the detector D presenting the re-
spective light response of BCM, i.e., B4"™ and B,™.
[0044] Inthe example of Fig. 2C, a single light emitter
E, is used, and a single polarizer P, is installed in the
optical path of emitted beam B4. Accommodated be-
tween the polarizer P4 and the BCM under measure-
ments is a retarder RT, associated with a driver Dgy so
as to operate in different operational modes with respect
to the different emitted beams, respectively. The retard-
er is either switchable between two operational modes
or tunable to provide continuously varying operational
modes. The construction and operation of a retarder are
known per se, and therefore need not be specifically de-
scribed, except to note that the retarder may utilize a
ferroelectric liquid crystal material (switchable), or a
voltage dependent (tunable) liquid crystal (nematic) ma-
terial.

[0045] The polarized light beam B," propagating to-
wards the BCM passes through the retarder RT, which
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affects the orientation of the plane of polarization of the
linearly polarized light. Light beam B,4" ensuing from the
retarder RT propagates through the BCM producing an
output light beam B4™, propagating towards the detec-
tion system 13. The latter comprises a single analyzer
A having the plane of preferred polarization specifically
oriented with respect to that of the polarizer P4. Thus,
light B4"" ensuing from the analyzer A presents the light
response of the medium to be detected by the detector
unit It should be understood, that in order to obtain the
time dependencies of different light responses (i.e., cor-
responding to different polarization states of detected
light), the illumination/detection session is repeated at
least twice (i.e., at different moments of time), each ses-
sion including two measurements with different polari-
zation states of incident light, respectively.

[0046] According to the examples of Figs. 2D and 2E,
the illumination system 11 comprises a single light emit-
ter E4 and a single polarizer P, in the optical path of
emitted beam B,. The detection system 13 comprises
two detector units D4 and D,, and is capable of simulta-
neously (i.e., during the same measurement session)
detecting light responses of different polarization states
of light, respectively.

[0047] To this end, as shown in the example of Fig.
2D, one of the detector units (D) is provided with the
analyzer A4, while the other detector unit (D,) is not.
Thus, a polarized beam B, impinges onto the BCM. A
transmitted beam B4" partly passes through the analyz-
er A, resulting in the light response B4™ received by the
detector D4, while the other presents a light response
B4" of the medium directly received by the detector D,.
These light responses B4™" and B4" are characterized
by different polarization states.

[0048] In the example of Fig. 2E, both detector units
D, and D, are equipped with analyzers A4 and A,, re-
spectively. Light responses B4 and B,™ detected by
the units D4 and D,, respectively, have different polari-
zation states.

[0049] The system 1 (or100) operates in the following
manner. The control unit 30 operates the occluder 20
for creating a state of blood flow cessation at the meas-
urementlocation L,, maintaining this state over a certain
time period (cessation time), and then releasing the
pressure. In other words, the device operates in the so-
called "occlusion-release mode". Upon the creation of
the state of blood flow cessation, the control unit 30 ac-
tuates the measuring unit 10 to carry out at least two
measurement sessions, each with at least one selected
wavelength of incident light and at least two different po-
larization states of the detected light The detection of
light beams with different polarization states within each
measurement session may be timely separated by uti-
lizing a single detector unit (Figs. 2A-2C), or may be per-
formed simultaneously utilizing two detector units (Figs.
2D and 2E). The control unit 30 receives the measured
data from the detector(s) and analyzes the received da-
ta to determine the glucose concentration, as will be de-
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scribed more specifically further below

[0050] Reference is now made to Fig. 3, illustrating
the principles of the occlusion-release operational
mode. A graph G presents experimental results ob-
tained by applying the occlusion-release technique to
the patient's blood perfused fleshy medium, showing
how the light-transmitting characteristic of blood chang-
es under the application of the over-systolic pressure.
The transmitting characteristic are shown here as the
so-called "Relative Transmission", i.e., in Transmission
Arbitrary Units or T(A.U.).

[0051] The application of the over-systolic pressure
starts at a moment T, 4, and is maintained for a period
of time so as not to cause irreversible changes in the
fleshy medium (e.g., 4 seconds). The pressure is re-
leased at the moment T,gjease- Measurements of the
Relative Transmission are performed continuously,
starting prior to the application of the over-systolic pres-
sure. Different states of the blood flow, designated A, B,
C, D and E, are observed. State A is a state of normal
blood flow before the over-systolic pressure is applied.
As shown, this state is characterized by a standard fluc-
tuating value of the relative light transmission of blood.
State B starts at the moment T, (When the pressure
is initially applied) and exists during a short period of
time Tg (about 0.5sec) within which the over-systolic
pressure is actually applied. Measurements taken dur-
ing this time period should be disregarded, due to the
unavoidable influence of motional and/or other artifacts
causing non-monotonic fluctuations of the light trans-
mission.

[0052] State C is a state of the temporary cessation
of blood flow which lasts within a time period T¢ between
a moment determined as (Tq,*+Tg) and the moment
T elease- During this period of time, T¢, the ascending
curve (or descending curve depending on the incident
wavelength) of relative light transmission of blood is ob-
served. It reaches its maximum, and may last for about
2-5.5 sec (generally, from one second to several min-
utes).

[0053] It is appreciated that when over-systolic pres-
sure is applied to any proximal part of the body, there is
still sufficient space for the redistribution of blood be-
tween the exact area of the measurement (i.e., the
measurement location, where the detector is located)
and the adjacent areas in close proximity to the detector.
For example, if the detector is located on a fingertip and
over-systolic pressure is applied on the palm, there is
enough space between the fingertip and the margin of
the applied pressure to "squeeze" the blood flow from
one location to another.

[0054] State D is a transitional state of blood flow
which takes place after releasing the over-systolic
pressure. This state starts with a slight delay Ty
(approximately 0.5sec), i.e. at the moment determined
as (TgeasetTq)- During the time period Tp of the
duration of state D, the relative transmission of blood
monotonously descends until it reaches values
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characteristic of the normal blood flow. Such a moment
is marked as Tg,q in the drawing. The end of state D,
and the beginning of state E, is detected when the
changes of the light transmission become periodic and
minimal (about 2%). State E is a state of normal blood
flow, which is similar to state A.

[0055] According to the invented method of optical
measurements, measured data is obtained in the form
of at least two time variations (evolutions) of light re-
sponse of the medium corresponding to different polar-
ization states of the detected light, respectively. The op-
erating wavelength for the determination of glucose con-
centration is selected in the visual or near infrared spec-
tra, e.g., 660nm. It should be noted that by appropriately
selecting the wavelength of incident light, the concen-
tration of a specific substance of interest could be de-
termined, e.g., 1,5-2um for the determination of choles-
terol.

[0056] It should also be noted that to obtain the time
variation of the light response, either two or more timely-
separated measurement sessions are taken, or one
long measurement session is performed, such that at
least one measurement point (moment of time) corre-
sponds to either the state C of temporary cessation of
the blood flow, or the state D of transitional blood flow,
i.e., within a time period including these two states
(Tc+Tp).

[0057] Turning now to Fig. 4, there are illustrated ex-
perimental results of the operation of the measurement
system 1 (in vivo) designed so as to provide linear po-
larized and unpolarized detected light Two graphs G,
and G, are presented, each showing the time variation
of the light response of the medium under measure-
ments, namely, T4(t) and T,(t). Graph G, is obtained
with the polarized incident light (beam B4" in Fig. 2A),
and graph G, is obtained with the unpolarized incident
light (beam B,), the two graphs corresponding to differ-
ent polarization states of the detected light responses,
respectively.

[0058] As shown, the light responses corresponding
to different polarization states of the detected light dif-
ferently vary with time, depending on the polarization
state of the incident light. This is due to the fact that glu-
cose is a scattering affecting and optically active sub-
stance in blood. It affects the orientation of the vector of
polarization of the polarized incident light, thereby af-
fecting the amount of light reaching the detector (pass-
ing through the analyzer).

[0059] To plot a curve indicative of the relation be-
tween the different light responses (i.e., with different
polarization states) affected by the same concentration
of glucose Cg, a relation between the above two time
variations is determined. Fig. 5A illustrates such a curve
V (shown in logarithmic coordinates) obtained from the
graphs G4 and G, of Fig. 4. The graph V is a substan-
tially straight line, the tangent of the angle of inclination
¢ of this line with respect to the abscissa axis presents
a parametric slope, constituting a measurable parame-



17 EP 1292 216 B1 18

ter R.

[0060] Fig. 5B shows a set of curves - five curves V4-
V5 in the present example, presenting the experimental
results of applying the technique of the presentinvention
to blood samples with different known values of the con-
centration of glucose, i.e., 102mg/dl; 116mg/dl; 128mg/
dl; 146ng/dl and 160mg/dl. It is evident that each of
these curves is characterized by a different value of the
parametric slope R, as compared to the others.

[0061] The graphs V4-V5 are used for preparing ref-
erence data in the form of a calibration curve C,, shown
in Fig. 6. The calibration curve is initially prepared either
with respect to each specific patient at different condi-
tions of the concentration of glucose, or with respect to
various patients with different glucose concentrations in
blood.

[0062] Utilizing the measured data illustrated in Fig.
5A (T4(t) and T,(t)) obtained by applying the measure-
ments of the present invention to the specific patient,
and the calibration curve C,, of Fig. 6, the glucose con-
centration Cg, in the patient's blood can be determined.
In this specific example, the parametric slope R is equal
to 1.35, and, consequently, for the glucose concentra-
tion, we have: Cg,=102mg/dl.

[0063] Fig. 7 illustrates the correlation between the
measurements of glucose concentration obtained by
the measurement device according to the invention and
those obtained by the standard glucometer "Elite".
[0064] As indicated above, the measurable parame-
ter R enabling the determination of the concentration of
substance in blood by using a calibration curve may be
the degree of depolarization in the detected light, i.e.,
(T4-To)/(T4+T,), which is the function of time, and varies
from wavelength to wavelength. It should be under-
stood, although not specifically shown, that a corre-
sponding calibration curve will be in the form of the de-
gree of depolarization as the function of glucose con-
centration.

[0065] It should also be noted, although not specifi-
cally shown, that to increase the accuracy of measure-
ments, each measurement session may include the il-
lumination of the measurement location with more than
one wavelength of incident radiation (either sequentially
or simultaneously, depending on the design of the
measurement unit), provided that for each wavelength,
two different polarization states of the detected light are
obtained. Additionally, the occluder can be operated so
as to provide the so-called multiple occlusion-release
sessions, and measurements are taken during each of
the occlusion-release cycles for one or more wave-
lengths of incident light

[0066] Those skilled in the art will readily appreciate
that various modifications and changes can be applied
to the embodiments of the invention as hereinbefore ex-
emplified without departing from its scope defined in and
by the appended claims.

10

15

20

25

30

35

40

45

50

55

10

Claims

1. An optical measurement system (1) for obtaining
data indicative of the concentration of a scattering
affecting or optically active substance in patient's
blood, the system comprising:

(a) a measurement device comprising a pres-
surizing assembly (20) and a measuring unit
(10), wherein the pressurizing assembly has a
pressing member (21A) for wrapping a region
(L4) on a blood flow containing medium (F) that
is operable for applying over-systolic pressure
to said region so as to create a state of blood
flow cessation at a measurement location (L,)
in the medium, and the measuring unit is oper-
able for performing optical measurement ses-
sions at said measurement location, and com-
prises an illumination system (11) for illuminat-
ing the measurement location with specifically
polarized light of at least one selected wave-
length during at least two measurement ses-
sions, and a light collection/detection system
(13) for applying polarization filtering to light
propagating from the measurement location,
thereby enabling detecting, at each measure-
ment session, at least two light responses of
the medium at the same wavelength and at
least two different polarization states, respec-
tively, and generating measured data repre-
sentative thereof; and

(b) a control unit (30) connectable to the meas-
urement device for selectively operating said
measuring unit and said pressurizing assem-
bly, such that the state of blood flow cessation
is maintained during a certain cessation time
and the optical measurement sessions are per-
formed during a time period within said certain
cessation time, the control unit being respon-
sive to said measured data to determine time
variations of the light responses of the medium
corresponding to said at least two different po-
larization states of the detected light, analyze
the time variations for determining a preset pa-
rameter measured as a relation between the
time variations, and being indicative of the time
variation of depolarization of light caused by the
scattering affecting or optically active sub-
stance in the medium.

2. The system according to Claim 1, wherein

the illumination system comprises an illuminator op-
erable for generating at least one beam of incident
light of the selected wavelength, and a polarizer
unit,

the light collection/detection system comprises at
least one detector unit and at least one analyzer, a
plane of preferred polarization of said at least one



19 EP 1292 216 B1

analyzer being specifically oriented with respect to
that of the polarizer unit, said at least one detector
unit detecting the light responses of the medium
and generating the measured data indicative there-
of.

The system according to Claim 1 or 2, wherein said
substance is glucose.

The system according to any one of preceding
Claims, wherein the measurement location is locat-
ed at the patient's finger.

The system according to any one of Claims 1 to 3,
wherein the measurement location is located inside
a flow cuvette through which the flow of patient's
blood sample is drawn.

The system according to Claim 4, wherein said
pressing member of the pressurizing assembly is a
cuff for wrapping the patient's finger, squeezing of
the cuff being operated by a drive coupled to the
control unit.

The system according to Claim 1, wherein the pres-
surizing assembly comprises a peristaltic pump op-
erated by a drive coupled to the control unit

The system according to any one of Claims 2 to 7,
wherein

said illuminator is operable to produce two beams
of light, and said polarizer unit comprises at least
one polarizer accommodated in optical path of one
of said two beams, thereby producing two incident
beams of different polarization state, respectively,
and producing two output beams coming from the
illuminated medium;

the collection/detection system comprises the sin-
gle analyzer accommodated in optical path of the
output light propagating towards the single detector
unit.

The system according to any one of Claims 2 to 7,
wherein

said illuminator is operable to produce two beams
of light, and said polarizer unit comprises a polarizer
accommodated in the optical path of each of said
two beams, and a retarder accommodated in the
optical path of each of said two beams and operable
with different operational modes with respect to said
two beams, the illuminator thereby producing two
incident beams of different polarization states, re-
spectively;

the collection/detection system comprises the sin-
gle analyzer accommodated in optical path of the
output light propagating towards the single detector
unit.
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The system according to any one of Claims 2 to 7,
wherein

said illuminator is operable to generate a beam of
light, and said polarizer unit comprises a polarizer
accommodated in optical path of the generated
beam propagating towards the medium, thereby
producing output light coming from the illuminated
medium;

the collection/detection system comprises two de-
tector units for detecting two spatially separated
light components of the output light, two analyzers
being accommodated in optical path of said two
light components, respectively, propagating to-
wards the detection units, the analyzers having dif-
ferent orientation of planes of preferred polariza-
tion.

The system according to any one of preceding
Claims, wherein said preset measurable parameter
is a parametric slope of a curve, which is in the form
of one light response as the function of the other.

The system according to any one of preceding
Claims, wherein said preset measurable parameter
is degree of depolarization calculated as a ratio be-
tween the difference of the light responses’ intensi-
ties, and their sum.

The system according to any one of preceding
Claims, wherein

- the control unit operates said pressurizing as-
sembly, such that said cessation time during
which the over-systolic pressure is applied is
insufficient for irreversible changes in the fleshy
medium.

The device according to any one of preceding
Claims, wherein said at least one selected wave-
length is in the range of visual or near infrared spec-
tra.

A measurement device for use in an optical meas-
urement system for obtaining data indicative of the
concentration of a scattering affecting or optically
active substance in patient's blood, the measure-
ment device comprising a pressurizing assembly
(20) and a measuring unit (10); the pressurizing as-
sembly having a pressing member (21A) for wrap-
ping a region (L1) on a blood flow containing edium
(F) that is operable for applying over-systolic pres-
sure to said region so as to create a state of blood
flow cessation at a measurement location (L2) in the
medium and maintaining said state during a certain
cessation time; the measuring unit being operable
for performing optical measurement sessions at
said measurement location during a time period
within said certain cessation time, the measuring
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unit comprising an illumination system (11) for illu-
minating the measurement location with specifically
polarized light of at least one selected wavelength
during at least two measurement sessions, and a
light collection/detection system (13) for applying
polarization filtering to light propagating from the
measurement location, thereby enabling detecting,
at each measurement session, at least two light re-
sponses of the medium at the same wavelength and
at least two different polarization states, respective-
ly, and generating measured data representative
thereof, said measured data being indicative of time
variations of the light responses of the medium cor-
responding to said at least two different polarization
states of the detected light, a relation between the
time variations being indicative of the time variation
of depolarization of light caused by the scattering
affecting or optically active substance in the medi-
um.

Patentanspriiche

1.

Optisches Erfassungssystem (1) zum Erhalten von
Daten, die auf die Konzentration einer Streuungs-
beinflussenden oder optisch aktiven Substanz in
Patientenblut schlieRen lassen, wobei das System
umfasst:

(a) eine Erfassungsvorrichtung, welche um-
fasst, einen Druckaufbau (20) und eine Erfas-
sungseinheit (10), wobei der Druckaufbau ein
Druckelement (21A) zum Umhdllen eines Be-
reichs (L1) auf einem Blutfluss-enthaltenden
Medium (F) aufweist, welcher betriebsfahig ist,
um einen Uber-systolischen Druck auf den Be-
reich aufzubringen, um so einen Blutfluss-Still-
standszustand an einer Erfassungsstelle (L2)
in dem Medium zu erzeugen, und wobei die Er-
fassungseinheit betriebsfahig ist, um optische
Erfassungssitzungen an der Erfassungsstelle
durchzufiihren, und umfasst, eine Beleuch-
tungseinheit (11) zum Beleuchten der Erfas-
sungsstelle mit spezifisch polarisiertem Licht
von mindestens einer gewahlten Wellenlange
wahrend mindestens zwei Erfassungssitzun-
gen und ein Licht-Sammel-/Detektions-System
(13) zum Anwenden von Polarisationsfilterung
auf Licht, das sich von der Erfassungsstelle
ausbreitet, wobei dadurch ermdglicht wird, ein
Detekieren bei jeder Erfassungssitzung von
mindestens zwei Lichtantworten des Mediums
bei der gleichen Wellenlange und bei minde-
stens zwei verschiedenen Polarisationszustan-
den in jeweiliger Weise, und ein Erzeugen er-
fasster Daten, die hierflir reprasentativ sind;
und

(b) eine Steuereinheit (30), die mit der Erfas-
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sungsvorrichtung verbunden werden kann, um
selektiv die Erfassungseinheit und den Druck-
aufbau zu betreiben, derart dass der Blutfluss-
Stillstandszustand wahrend einer gewissen
Stillstandszeit aufrechterhalten wird und die
optischen Erfassungssitzungen wahrend einer
Zeitspanne innerhalb der gewissen Stillstands-
zeit durchgefiihrt werden, wobei die Steuerein-
heit auf die erfassten Daten anspricht, um Zeit-
variationen der Licht-Antworten des Mediums
zu bestimmen, die den mindestens zwei ver-
schiedenen Polarisationszustanden des detek-
tierten Lichts entsprechen, die Zeitvariationen
zum Bestimmen eines vorher eingestellten Pa-
rameters zu analysieren, der als eine Relation
zwischen den Zeitvariationen erfasst wird, und
die auf die Zeitvariation an Licht-Depolarisation
schlieRen lassen, die durch die Streuungs-
beinflussende oder optisch aktive Substanz in
dem Medium verursacht wird.

System nach Anspruch 1, worin das Beleuchtungs-
system umfasst, eine Beleuchtungseinrichtung, die
betriebsfahig ist, um mindestens einen Strahl an
einfallenden Licht der gewahlten Wellenlange zu er-
zeugen, und eine Polarisatoreinheit,

wobei das Licht-Sammel-/Detektions-System um-
fasst, mindestens eine Detektoreinheit und minde-
stens einen Analysator, wobei eine Ebene an be-
vorzugter Polarisation des mindestens einen Ana-
lysators spezifisch in Bezug auf jene der Polarisa-
tor-Einheit ausgerichtet ist, wobei die mindestens
eine Detektor-Einheit die Licht-Antworten des Me-
diums detektiert und die erfassten Daten erzeugt,
die hierauf schlieRen lassen.

System nach Anspruch 1 oder 2, worin die Sub-
stanz Glucose ist.

System nach einem der vorstehenden Anspriiche,
worin die Erfassungsstelle sich an dem Finger des
Patienten befindet.

System nach einem der Anspriiche 1 bis 3, worin
die Erfassungsstelle sich innerhalb einer Fluss-Ku-
vette befindet, durch welche der Fluss an Patien-
tenblutprobe geflihrt wird.

System nach Anspruch 4, worin das Druckelement
des Druckaufbaus eine Manschette zum Umhiillen
des Patientenfingers ist, wobei das Pressen der
Manschette durch einen Antrieb betrieben wird, der
mit der Steuereinheit gekoppelt ist.

System nach Anspruch 1, worin der Druckaufbau
umfasst, eine peristaltische Pumpe, die durch einen
Antrieb betrieben wird, der mit der Steuereinheit ge-
koppelt ist.
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System nach einem der Anspriiche 2 bis 7, worin
die Beleuchtungseinrichtung betriebsfahig ist, um
zwei Lichtstrahlen herzustellen, und die Polarisa-
tor-Einheit umfasst, mindestens einen Polarisator,
der im optischen Pfad von einem der zwei Strahlen
untergebracht ist, wodurch zwei einfallende Strah-
len unterschiedlichen Polarisationszustands in je-
weiliger Weise hergestellt werden und zwei Aus-
gangsstrahlen hergestellt werden, die von dem be-
leuchteten Medium kommen;

wobei das Sammel-/Detektions-System den einzel-
nen Analysator umfasst, der in dem optischen Pfad
des Ausgabelichts untergebracht ist, das sich zu
der einzelnen Detektoreinheit ausbreitet.

System nach einem der Anspriiche 2 bis 7, worin
die Beleuchtungseinrichtung betriebsfahig ist, um
zwei Lichtstrahlen herzustellen, und die Polarisa-
tor-Einheit umfasst, einen Polarisator, der im opti-
schen Pfad von jedem der zwei Strahlen unterge-
bracht ist, und eine Verzdgerungseinrichtung, die
im optischen Pfad von jedem der zwei Strahlen un-
tergebrachtist, und mit verschiedenen Betriebswei-
sen in Bezug auf die zwei Strahlen betriebsfahig ist,
wodurch die Beleuchtungseinrichtung zwei einfal-
lende Strahlen unterschiedlichen Polarisationszu-
stands in jeweiliger Weise herstellt;

wobei das Sammel-/Detektions-System den einzel-
nen Analysator umfasst, der in dem optischen Pfad
des Ausgabelichts untergebracht ist, das sich zu
der einzelnen Detektoreinheit ausbreitet.

System nach einem der Anspriiche 2 bis 7, worin
die Beleuchtungseinrichtung betriebsfahig ist, um
einen Lichtstrahl zu erzeugen, und die Polarisator-
Einheit umfasst, einen Polarisator, der im optischen
Pfad des erzeugten Strahls untergebracht ist, um
zu dem Medium hin fortzuschreiten, wodurch Aus-
gabelicht, das von dem beleuchteten Medium
kommt, hergestellt wird;

wobei das Sammel-/Detektions-System umfasst,
zwei Detektoreinheiten zum Detektieren von zwei
raumlich getrennten Lichtkomponenten des Ausga-
belichts,

wobei zwei Analysatoren in dem optischen Pfad der
zwei Lichtkomponenten in jeweiliger Weise unter-
gebracht sind, die sich zu den Detektionseinheiten
ausbreiten,

wobei die Analysatoren eine unterschiedliche Aus-
richtung von Ebenen bevorzugter Polarisation auf-
weisen.

System nach einem der vorstehenden Anspriiche,
worin der zuvor eingestellte, erfassbare Parameter
eine parametrische Neigung einer Kurve ist, die in
Form einer Licht-Antwort vorliegt, welche die Funk-
tion der anderen ist.
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System nach einem der vorstehenden Anspriiche,
worin der zuvor eingestellte, erfassbare Parameter
ein Grad an Depolarisation ist, der als Verhaltnis
zwischen der Differenz der Lichtantwortsintensita-
ten und ihrer Summe berechnet wird.

System nach einem der vorstehenden Anspriiche,
worin die Steuereinheit den Druckaufbau betreibt,
derart dass die Stillstandszeit, wahrend welcher der
Ubersystolische Druck aufgebracht wird, fir irrever-
sible Anderungen in dem fleischlichem Medium un-
zureichend ist.

Vorrichtung nach einem der vorstehenden Anspri-
che, worin die mindestens eine gewahlte Wellen-
lange in dem Bereich des sichtbaren Spektrums
oder Nah-Infrarot-Spektrums ist.

Erfassungsvorrichtung zur Verwendung in einem
optischen Erfassungssystem zum Erhalten von Da-
ten, die auf die Konzentration einer Streuungs-bein-
flussenden oder optisch aktiven Substanz in Pati-
entenblut schlieRen lassen, wobei die Erfassungs-
vorrichtung umfasst, einen Druckaufbau (20) und
eine Erfassungseinheit (10); wobei der Druckauf-
bau ein Druckelement (21A) zum Umbhiillen eines
Bereichs (L1) auf einem Blutfluss-enthaltenden Me-
dium (F) aufweist, welcher betriebsfahig ist, um ei-
nen Uber-systolischen Druck auf den Bereich auf-
zubringen, um so einen Blutfluss-Stillstandszu-
stand an einer Erfassungsstelle (L2) in dem Medi-
um zu schaffen, und den Zustand wahrend einer ge-
wissen Stillstandszeit aufrechtzuerhalten;

wobei die Erfassungseinheit betriebsfahig ist, um
optische Erfassungssitzungen an der Erfassungs-
stelle wahrend einer Zeitspanne innerhalb der ge-
wissen Stillstandszeit durchzufiihren, wobei die Er-
fassungseinheit umfasst, ein Beleuchtungssystem
(11) zum Beleuchten der Erfassungsstelle mit spe-
zifisch polarisierten Licht von mindestens einer ge-
wahlten Wellenldnge wahrend mindestens zwei Er-
fassungssitzungen, und ein Licht-Sammel-/Detek-
tions-System (13) zum Anwenden von Polarisati-
onsfilterung auf Licht, das sich von der Erfassungs-
stelle ausbreitet, wobei dadurch bei jeder Erfas-
sungssitzung ein Detektieren von mindestens zwei
Lichtantworten des Mediums bei der gleichen Wel-
lenlange und bei mindestens zwei unterschiedli-
chen Polarisationszustanden in jeweiliger Weise er-
mdoglicht wird, und Erzeugen hierflr reprasentati-
ver, erfasster Daten, wobei die erfassten Daten auf
Zeitvariationen der Lichtantworten des Mediums
schlieBen lassen, die den mindestens zwei ver-
schiedenen Polarisationszustdnden des detektier-
ten Lichts entsprechen, wobei ein Verhaltnis zwi-
schen den Zeitvariationen auf die Zeitvariation an
Depolarisation von Licht schlieRen Iasst, die durch
die Streuungs-beeinflussende oder optisch aktive
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Substanz in dem Medium bewirkt wird.

Revendications

Systeme de mesure optique (1) pour obtenir des
données indicatives pour la concentration d'une
substance influengant la diffusion ou étant optique-
ment active dans du sang de patient, le systéme
comprenant:

(a) un dispositif de mesure comprenant un ar-
rangement de pressurisation (20) et une unité
de mesure (10), ledit arrangement de pressuri-
sation ayant un élément de pressurisation
(21A) pour envelopper une région (L1) sur un
milieu contenant du flux sanguin (F) qui est uti-
lisable pour appliquer une pression supra-sys-
tolique sur ladite région pour obtenir une con-
dition de cessation de flux sanguin a un endroit
de mesure (L2) dans le milieu, et 'unité de me-
sure étant utilisable pour effectuer des séances
de mesure optique audit endroit de mesure et
comprenant un systeme d'illumination (11) pour
illuminer I'endroit de mesure avec de la lumiére
ayant au moins une longueur d'onde choisie et
étant polarisée de maniére spécifique pendant
au moins deux séances de mesure, et un sys-
teme de collection/détection de lumiére (13)
pour appliquer un filtrage de polarisation a de
la lumiere se propageant de I'endroit de mesu-
re, permettant ainsi de détecter a chaque séan-
ce de mesure au moins deux réponses ayant
la méme longueur d'onde et ayant de maniére
respective au moins deux différents états de
polarisation a la lumiére du milieu et de générer
des données mesurées qui en sont représen-
tatives; et

(b) une unité de commande (30) étant connec-
table au dispositif de mesure pour actionner de
maniere sélective ladite unité de mesure et ledit
arrangement de pressurisation de maniére que
la condition de cessation de flux sanguin soit
maintenue pendant un certain temps de cessa-
tion et les séances de mesure optique étant
réalisées pendant une période de temps dans
ledit certain temps de cessation, I'unité de com-
mande répondant aux données mesurées pour
déterminer des variations de temps des répon-
ses a la lumiére du milieu, correspondantes
auxdits au moins deux différents états de pola-
risation de la lumiére détectée, analyser les va-
riations de temps pour déterminer un paramé-
tre prédéterminé mesuré comme une relation
entre les variations de temps et étant indicati-
ves pour la variation de temps de dépolarisa-
tion de lumiére, provoquée par la substance in-
fluengant la diffusion ou étant optiquement ac-
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tive dans le milieu.

Systéme selon la revendication 1, dans lequel le
systéme d'illumination comprend un illuminateur
utilisable pour générer au moins un rayon de lumié-
re incident et ayant la longueur d'onde choisie, et
une unité de polariseur,

le systeme de collection/détection de lumiere com-
prenant au moins une unité de détection et au
moins un analyseur, un plan de polarisation préféré
de I'au moins un analyseur étant orienté de maniére
spécifique par rapport a celui de I'unité de pola-
riseur, I'au moins une unité de détection détectant
les réponses a la lumiére du milieu et générant les
données mesurées et étant indicatives pour celles-
Ci.

Systéme selon la revendication 1 ou 2, dans lequel
la substance est du glucose.

Systéme selon l'une quelconque des revendica-
tions précédentes, dans lequel I'endroit de mesure
se trouve au doigt du patient.

Systéme selon l'une quelconque des revendica-
tions 1 a 3, dans lequel I'endroit de mesure se trou-
ve a l'intérieur d'une cuvette a flux a travers laquelle
le flux de I'échantillon de sang de patient est passé.

Systéme selon la revendication 4, dans lequel I'élé-
ment de pressurisation de l'arrangement de pres-
surisation est une manchette pour envelopper le
doigt du patient, la pressurisation de la manchette
étantactionnée par un entrainement couplé a l'unité
de commande.

Systéme selon la revendication 1, dans lequel I'ar-
rangement de pressurisation comprend une pompe
péristaltique actionnée par un entrainement couplé
a l'unité de commande.

Systéme selon l'une quelconque des revendica-
tions 2 a 7, dans lequel l'illuminateur est utilisable
pour produire deux rayons de lumiére, et I'unité de
polariseur comprend au moins un polariseur placé
dans le chemin optique d'un desdits deux rayons,
ainsi produisant deux rayons incidents ayant de
maniére respective des différents états de polarisa-
tion et produisant deux rayons sortants provenant
du milieu illuminé;

le systétme de collection/détection comprenant
I'analyseur unique placé dans le chemin optique de
la lumiére sortante se propageant vers 'unité de dé-
tection unique.

Systéeme selon l'une quelconque des revendica-
tions 2 a 7, dans lequel l'illuminateur est utilisable
pour produire deux rayons de lumiére, et ladite unité



10.

1.

12.

13.

14.

15.

27 EP 1292 216 B1 28

de polariseur comprend un polariseur placé dans le
chemin optique de chacun desdits deux rayons et
un retardateur placé dans le chemin optique de cha-
cun desdits deux rayons et utilisable avec différents
modes d'actionnement par rapport auxdits deux
rayons, l'illuminateur produisant ainsi deux rayons
incidents ayant de maniére respective des diffé-
rents états de polarisation;

le systéme de collection/détection comprenant
I'analyseur unique placé dans le chemin optique de
la lumiére sortante se propageant vers l'unité de dé-
tection unique.

Systéme selon l'une quelconque des revendica-
tions 2 a 7, dans lequel l'illuminateur est utilisable
pour générer un rayon de lumiére, et ladite unité de
polariseur comprend un polariseur placé dans le
chemin optique du rayon généré se propageant
vers le milieu, produisant ainsi de la lumiére sortan-
te provenant du milieu illuming;

le systéme de collection/détection comprenant
deux unités de détection pour détecter deux com-
posants de lumiere séparés spatialement de la lu-
miére sortante, les deux analyseurs étant placés
dans le chemin optique de maniére respective des-
dits deux composants de lumiere se propageant
vers les unités de détection, les analyseurs ayant
une différente orientation des plans de polarisation
favorisé.

Systeme selon I'une quelconque des revendica-
tions précédentes, dans lequel le parameétre mesu-
rable prédéterminé est une pente paramétrique
d'une courbe, étant dans la forme d'une réponse a
la lumiere comme fonction de 'autre.

Systeme selon I'une quelconque des revendica-
tions précédentes, dans lequel le paramétre mesu-
rable prédéterminé est un degré de dépolarisation
calculé comme un rapport entre la différence des
intensités des réponses a la lumiére et leur somme.

Systeme selon I'une quelconque des revendica-
tions précédentes, dans lequel I'unité de comman-
de actionne |'arrangement de pressurisation de ma-
niére que ledit temps de cessation pendant lequel
la pression supra-systolique est appliquée soit in-
suffisant pour des changements irréversibles dans
le milieu charnu.

Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel I'au moins une lon-
gueur d'onde choisie est dans la région du spectre
visible ou infrarouge proche.

Dispositif de mesure pour I'utilisation dans un sys-
téme de mesure optique pour obtenir des données
indicatives pour la concentration d'une substance
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influencant la diffusion ou étant optiquement active
dans du sang de patient, le dispositif de mesure
comprenant un arrangement de pressurisation (20)
et une unité de mesure (10); I'arrangement de pres-
surisation ayant un élément de pressurisation (21A)
pour envelopper une région (L1) sur un milieu con-
tenant du flux sanguin (F) qui est utilisable pour ap-
pliquer une pression supra-systolique sur ladite ré-
gion pour obtenir une condition de cessation de flux
sanguin a I'endroit de mesure (L2) dans le milieu et
pour maintenir ladite condition pendant un certain
temps de cessation; I'unité de mesure étant utilisa-
ble pour effectuer des séances de mesure optique
audit endroit de mesure pendant une période de
temps dans ledit certain temps de cessation, I'unité
de mesure comprenant un systéme d'illumination
(11) pour illuminer I'endroit de mesure avec de la
lumiére ayant au moins une longueur d'onde choi-
sie et étant polarisée de maniére spécifique pen-
dant au moins deux séances de mesure, et un sys-
téme de collection/détection de lumiére (13) pour
appliquer un filtrage de polarisation a de la lumiére
se propageant de I'endroit de mesure, ainsi permet-
tant de détecter a chaque séance de mesure au
moins deux réponses a la lumiére du milieu ayant
la méme longueur d'onde et ayant de maniére res-
pective au moins deux différents états de polarisa-
tion et générer des données mesurées qui en sont
représentatives, lesdites données mesurées étant
indicatives pour des variations de temps des répon-
ses a la lumiére du milieu, correspondantes auxdits
au moins deux différents états de polarisation de la
lumiére détecté, une relation entre les variations de
temps étant indicative pour la variation de temps de
dépolarisation de lumiére, provoquée par la subs-
tance influengant la diffusion ou étant optiquement
active dans le milieu.
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