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Description

FIELD OF THE INVENTION

[0001] This invention is generally in the field of non-
invasive optical measurement techniques for measuring
blood-related parameters, and relates to an optical probe
to be applied to a patient’s finger or toe and a method of
operating the probe.

BACKGROUND OF THE INVENTION

[0002] Non-invasive techniques for measuring various
blood parameters, e.g. blood oxygen saturation, have
become very popular, since they do not require the with-
drawal of a blood sample from a patient’s body. Optical
monitoring techniques of the kind specified utilize the de-
tection of light transmitted or reflected from the location
on the patient’s body under measurement, and are based
on spectrophotometric measurements enabling the indi-
cation of the presence of various blood constituents
based on known spectral behaviors of these constituents.
[0003] Most of these techniques utilize a measurement
optical device or probe, designed in a manner to be at-
tached to the patient’s finger, which includes an optical
assembly for irradiating the finger with light and detecting
its light response. The conventional devices of the kind
specified, such as a pulse oximeter, which is the generally
accepted standard of everyday clinical practice, provide
for measuring enhanced optical pulsatile signals caused
by the changes in the volume of a blood flowing through
a fleshy medium (e.g., finger).
[0004] It is known that for blood parameters other than
oxygen saturation, e.g., glucose concentration, signifi-
cant difficulties have been accoutered, because their ab-
sorption spectral behavior in red and near infrared re-
gions is not as remarkable as for the oxygenized hemo-
globin. Hence, the main limitations on the way of expand-
ing the non-invasive techniques to the measurements
different from pulse oximetry are associated with the lim-
ited selectivity of the absorption based method.
[0005] A different technique is disclosed in U.S. Patent
No. 6,400,972, WO 01/45553 and WO 01/96872, all as-
signed to the assignee of the present application. This is
an occlusion-based technique, according to which an
over-systolic pressure is applied to the blood perfused
fleshy medium with a normal blood flow so as to create
a state of temporary blood flow cessation at the meas-
urement location. The measurement with different wave-
lengths of incident radiation and/or different polarization
states of detected light are carried out at timely separated
sessions taken during a time period including a cessation
time when the state of the blood flow cessation is main-
tained. This technique utilizes the condition of the "arti-
ficial blood kinetics" rather than the natural blood kinetics
taking place when the state of the total blood cessation
is not achieved. As a result of the cessation of the blood
flow, a condition of the artificial kinetics is achieved with

the optical characteristics of the blood associated with
the light response being different from those at the natural
blood kinetics. Indeed, it is known that the scattering
properties of blood depend on the size and shape of scat-
terers (aggregates). Thus, time changes of the light re-
sponse at the condition of artificial kinetics depend on
the changes in the shape and average size of the scat-
tering centers in the medium, i.e., red blood cells (RBC)
aggregation (Rouleaux effect). It was found that owing
to the effect of the artificial kinetics, the optical charac-
teristics of blood changes dramatically, such that they
differ from those of the fleshy medium with a normal blood
flow by about 25 to 45%, and sometimes even by 60 %.
Hence, the accuracy (i.e., signal-to-noise ratio) of the
technique based on the artificial kinetics as well as se-
lectivity of the optical measurements can be substantially
better when compared with those based on measure-
ments of the blood parameters at natural kinetics.
[0006] Various probe devices suitable for the occlu-
sion-based measurements are described in US
6,213,952, WO 01/67946 and US 2002/0173709 all as-
signed to the assignee of the present application. These
devices are designed to apply over-systolic pressure to
the patient’s finger at a location upstream of a measure-
ment location in the finger, with respect to the direction
of normal blood flow, thereby creating a state of blood
flow cessation at the measurement location. Generally,
the device includes a clip member for securing the pa-
tient’s finger between its two clamping arms that also
serve for carrying the optics of a measurement unit, and
includes a pressurizing assembly outside the clip mem-
ber for applying over-systolic pressure.

SUMMARY OF THE INVENTION

[0007] There is a need in the art to facilitate non-inva-
sive measurements of blood-related characteristics by
providing novel method, probe device and system for
non-invasive, occlusion-based measurements applied to
a patient’s blood perfused fleshy medium, e.g., finger or
toe.
[0008] The technique of the present invention takes
advantage of the above-described occlusion-based
measurements, namely is based on creating and con-
trolling the artificial blood kinetics in a patient’s blood per-
fused fleshy medium and applying optical measurements
thereto. The condition of artificial kinetics is created and
maintained for a certain time period, and is controllably
altered over a predetermined time interval within said cer-
tain time period. The condition of artificial kinetics is cre-
ated by applying a primary over-systolic pressure to a
certain location at the medium with a normal blood flow
so as to achieve a state of temporary blood flow cessation
at the medium at a measurement location. The location
of application of the primary pressure is either upstream
of the measurement location with respect to the normal
blood flow direction in the medium or in the vicinity of the
measurement location. The control of the condition of the
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artificial kinetics is achieved by applying a perturbation
of a secondary pressure to the fleshy medium, either
downstream of the location of the primary pressure ap-
plication or substantially at the same location. The phys-
ical effect of the  secondary pressure results in the mod-
ification of the aggregates of red blood cells (RBC).
Therefore, the location of the applying of the secondary
pressure has to be in the vicinity of the measurement
location.
[0009] The non-invasive optical measurements are
carried out by illuminating a measurement location on
the medium with incident light beams of at least two dif-
ferent wavelengths in a range where the scattering or
absorbing properties of blood are sensitive to light radi-
ation (e.g., in red through near infrared (NIR) range). The
optical determination of blood characteristics is carried
out over a predetermined time interval when the condition
of artificial blood kinetics is controllably altered. This pre-
determined time interval is within the time period during
which the over-systolic pressure is applied.
[0010] The invention is defined by the claims.
[0011] Thus, according to one broad aspect of the in-
vention, there is provided a method for use in non-inva-
sive optical measurements of at least one desired char-
acteristic of patient’s blood, the method comprising:

(a) creating a condition of artificial blood kinetics at
a measurement location in a patient’s blood perfused
fleshy medium and maintaining this condition for a
certain time period;
(b) altering said condition of artificial blood kinetics
at the measurement location over a predetermined
time interval within said certain time period so as to
modulate scattering properties of blood; and
(c) applying optical measurements to the measure-
ment location by illuminating it with incident light
beams of at least two different wavelengths in a
range where the scattering properties of blood are
sensitive to light radiation, detecting light responses
of the medium, and generating measured data indic-
ative of time evolutions of the light responses of the
medium for said at least two different wavelengths,
respectively, over at least a part of said predeter-
mined time interval.

[0012] According to another broad aspect of the inven-
tion there is provided a method of controlling the opera-
tion of an optical measurement system including an  op-
tical measuring unit, a pressurizing means and a control
unit and aimed at non-invasive determination of patient’s
blood characteristics, the method comprising:

- operating the pressurizing means to apply primary
over-systolic pressure to a location on a patient’s
blood perfused fleshy medium and thereby create a
condition of artificial blood kinetics at a measurement
location in the medium and maintain this condition
for a certain time period;

- operating the pressurizing means to apply control-
lably varying secondary pressure to the medium so
as to alter said condition of artificial blood kinetics at
the measurement location over a predetermined
time interval within said certain time period and thus
modulate scattering properties of blood; and

- operating the optical measuring unit to applying op-
tical measurements to the measurement location by
illuminating it with incident light beams of at least two
different wavelengths in a range where the scattering
properties of blood are sensitive to light radiation,
detecting light responses of the medium, and gen-
erating measured data indicative of time evolutions
of the light responses of the medium for said at least
two different wavelengths, respectively, over at least
a part of said predetermined time interval.

[0013] According to yet another broad aspect of the
present invention, there is provided an optical system for
use in non-invasive optical determination of at least one
desired characteristic of patient’s blood, the system com-
prising:

(A)a probe including: (i) an optical measuring unit
operable for illuminating a measurement location on
a patient’s blood perfused flesh medium with differ-
ent wavelengths of incident light, detecting light re-
sponses of the medium, and generating measured
data indicative of time evolutions of the light respons-
es of the medium corresponding to the different
wavelengths of incident light, respectively; and (ii) a
pressurizing assembly operable for applying pres-
sure to the patient’s fleshy medium;
(B)a control unit connectable to said measuring unit
and said pressurizing assembly and comprising: (a)
a memory for storing reference data sensitive  to
patient individuality and indicative of the desired
blood characteristic as a function of a parameter de-
rived from scattering spectral features of the medi-
um, and (b) a data acquisition and processing utility
coupled to output of the measuring unit for receiving
and analyzing the measured data to utilize the ref-
erence data and determine said at least one desired
blood characteristic, the control unit operating the
pressurizing assembly so as to apply a primary over-
systolic pressure to a certain location on the medium
to create a condition of artificial blood kinetics in the
medium at the measurement location and maintain
this condition for a certain time period, to apply a
secondary controllably varying pressure to the fleshy
medium in the vicinity of the measurement location
so as to alter said condition of artificial blood kinetics
over a predetermined time interval within said certain
time period thereby modulating scattering properties
of blood, and operating the optical measuring unit to
apply the optical measurements while altering the
condition of the artificial blood kinetics.
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[0014] According to one embodiment of the invention,
the altering of the condition of the artificial blood kinetics
is performed by applying a perturbation to the medium
by a secondary pressure pulse of a predetermined value
over the predetermined time interval so as to modulate
scattering properties of blood.
[0015] According to one example, the secondary pres-
sure can be applied to the medium (e.g., patient’s finger)
at the location of the main occlusion providing the over-
systolic pressure. In this case, the secondary pressure
is varied starting from said primary over-systolic pressure
value and reaching higher values.
[0016] According to another example, the secondary
pressure can be applied to the medium at a certain loca-
tion selected downstream of the main occlusion with re-
spect to the blood flow direction. In this case, the sec-
ondary pressure may vary from zero to over-systolic
pressure values that may be higher than the primary over-
systolic pressure. The location of the applying of the sec-
ondary pressure may either coincide with the location of
a light detector or slightly differ from it, depending on the
kind of measured medium and/or design of the measure-
ment probe.
[0017] It should be appreciated that a modification of
RBC clusters resulting in the altering of the artificial ki-
netics can be caused by many different ways. Thus, other
than the single secondary pulse described above, the
altering of the condition of artificial blood kinetics can be
carried out by applying a perturbation to the medium by
means of the secondary pressure of a predetermined
cyclic pattern over the predetermined time interval.
[0018] According to the invention, the detection of the
light responses of the medium for the purpose of deter-
mining the desired blood characteristics is carried out
during the altering of the condition of the artificial blood
kinetics. For example, for the case when one secondary
pulse was applied to the medium, the measured data
indicative of time evolutions of the light responses of the
medium for at least two different wavelengths over the
time interval that starts when step pulse of the secondary
pressure has been applied and onward can be used for
the determining of the blood characteristics. Likewise,
for the case when a series of pulses have been applied
to the medium, the measured data of the light responses
over at least one time interval selected from the intervals
when the secondary pressure pulse was applied can be
used for the determining of the blood characteristics.
Moreover, the measured data over at least one interval
selected from the intervals after the release of the sec-
ondary pressure can also be utilized for the determining
of the blood characteristics.
[0019] According to the invention, a parameter derived
from scattering spectral features of the medium during
the altering of the condition of the artificial blood kinetics
is used for the determination of blood characteristics. Ac-
cording to one example, this parameter is a parametric
slope (PS) defined as a ratio between a first function de-
pending on a light response of the medium corresponding

to one wavelength and a second function depending on
the light response of the medium corresponding to an-
other wavelength.
[0020] According to one embodiment, the first and sec-
ond functions can be logarithmic functions log(T1) and
log(T2) of the light responses T1 and T2 corresponding
to the two different wavelengths λ1 and λ2, respectively.
According  to another embodiment, the first and second
functions can be functions of the time rate of the changes
of the light response signal, i.e., ΔT/Δt (or ΔlogT/Δt),
where Δt can be any part of the time interval during which
the condition of artificial kinetics is changed.
[0021] According to the invention, for determination of
a desired blood characteristic a reference data sensitive
to patient individuality should be provided. The reference
data should be indicative of the desired blood character-
istic as a function of the parameter derived from scatter-
ing spectral features of the medium. Such reference data
can, for example, be a calibration curve defining a de-
pendence of the PS on the desired blood characteristic.
The calibration curve can be created by plotting a de-
pendence of the PS versus the desired blood character-
istic that can be obtained for the particular individual by
any other known method, independent of the current
measurements. It should be appreciated that for different
blood characteristics the independent methods may also
be different.
[0022] The measuring system of the present invention
comprises such main constructional parts as a probe and
a control unit.
[0023] According to one embodiment, the probe in-
cludes a pressurizing assembly and a measuring unit.
The pressurizing assembly includes a primary occlusion
cuff for applying the primary over-systolic pressure to the
medium, a secondary occlusion cuff for applying the sec-
ondary pressure to the medium and a pressure driver
actuated by the control unit for operating the squeezing
of the cuffs and. According to this embodiment, the loca-
tion secondary occlusion cuff is selected downstream of
the location primary occlusion cuff with respect to the
normal blood flow direction. The measuring unit compris-
es an illumination assembly and a light collection/detec-
tion assembly. The illumination assembly includes a plu-
rality of light sources (e.g., LEDs) associated with a suit-
able drive mechanism operated by the control unit. Al-
ternatively, a single broad band illuminator can be used.
The light sources generate incident radiation propagating
through the medium at a measurement location. The light
collection/detection assembly includes one or more fre-
quency selective detectors arranged near the measure-
ment location. Examples of collection/detection assem-
bly include, but are not limited to, spectrophotometers
and/or photodiodes typically equipped with frequency se-
lective filters and amplifying means, which are not spe-
cifically shown. It should be noted that the measurement
location may, for example, be accommodated so as to
coincide with the location of applying the secondary pres-
sure or slightly differ from it, depending on the kind of
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measured medium and/or design of the measurement
probe.
[0024] The optical measurements are carried out to
detect the light transmitted through the medium (or the
light reflected therefrom, as the case may be), and to
generate data representative thereof (constituting meas-
ured data). In the present example, the light transmitted
through the medium is detected (constituting the light re-
sponse of the medium).
[0025] According to another embodiment of the inven-
tion, the probe has a substantially ring-like shape that is
formed by two substantially U-shape parts configured for
enclosing and holding a portion of the medium therebe-
tween. These U-shape parts can partially overlap over a
predetermined distance. The pressure applied to the fin-
ger should be sufficient to case total cessation of the
blood flow in the finger downstream of the occlusion (i.e.,
the place where the pressure is applied). The pressuriz-
ing assembly may include an air cushion mounted on an
inner side of at least one of the U-shaped portions and
connected to a driver operable by the control unit to apply
a controllable variable pressure to the portion of the me-
dium enclosed between the two U-shaped parts. Alter-
natively, the pressurizing assembly may include a cuff
associated with a pressure drive operable to move either
one of the semi-rings towards one another, and thereby
apply pressure to the finger portion enclosed therebe-
tween. An example of the pressure drive includes, but is
not limited to a wind-up spring coupled with the cuff.
Squeezing of the cuff can provide a movement of the
semi-rings to each other, and thereby provide continues
variation of the pressure applied to the finger. With the
ring-like configuration of the probe, the primary over-
systolic pressure as well as the secondary pressure is
applied by the same pressurizing assembly. Therefore,
the  location of the main occlusion (primary pressure)
causing the creation of the condition of artificial kinetics
(a blood flow cessation state) coincides with the location
at which the artificial blood kinetics is altered (application
of secondary pressure).
[0026] The probe of this embodiment further compris-
es the measuring unit configured for illuminating a meas-
urement location on the portion of the finger with incident
light beams, detecting light responses of the medium,
and generating measured data indicative of time evolu-
tions of the light responses of the blood. For this purpose,
the measuring unit includes an illumination assembly and
a light collection/detection assembly. The illumination as-
sembly can include a plurality of light sources (e.g., LEDs)
with a suitable drive mechanism operated by the control
unit. Alternatively, a single broad band illuminator can be
used. The light sources radiate the measurement loca-
tion of the finger through an aperture arranged in one of
the semi-ring to provide unobstructed optical transmis-
sion to the surface of the fleshed medium. The light col-
lection/detection assembly includes a detector that can
receive the light radiation transmitted through the medi-
um. Alternatively, the detector unit may include an array

(generally, at least two) light detectors arranged in a
spaced-apart relationship along the circumference of the
finger within the measurement location.
[0027] The collection/detection assembly of the probe
is coupled to the control unit via a suitable electronic
block, typically including an analog to digital (A/D) con-
verter (not shown). The control unit is interconnected be-
tween the measuring unit and the pressurizing assembly
of the probe for operating the corresponding pressure
and light sources drivers, and is coupled to the output of
the detection assembly to be responsive to the measured
data. The control unit includes a data acquisition and
processing utility having a computer device having such
known utilities as a processor, a memory for storing, inter
alia, reference data (RD) and a monitor. The processor
is preprogrammed by a suitable software model capable
of analyzing the received output of the detection assem-
bly (measured data) and  determining one or more de-
sired characteristics of the patient’s blood, as have been
described above.
[0028] There has thus been outlined, rather broadly,
the more important features of the invention in order that
the detailed description thereof that follows hereinafter
may be better understood. Additional details and advan-
tages of the invention will be set forth in the detailed de-
scription, and in part will be appreciated from the descrip-
tion, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In order to understand the invention and to see
how it may be carried out in practice, a preferred embod-
iment will now be described, by way of non-limiting ex-
ample only, with reference to the accompanying draw-
ings, in which:

Fig. 1 illustrates a typical plot representing light
transmission characteristics of blood obtained by
when the condition of artificial kinetics is created;
Fig. 2 illustrates a plot showing three examples of
the time dependency of light transmission charac-
teristics of blood experimentally obtained for three
different wavelengths when the condition of artificial
kinetics is altered by a perturbation of a secondary
pressure step pulse applied to the medium;
Fig. 3 illustrates a plot showing three examples of
the time dependency of light transmission charac-
teristics of blood experimentally obtained for two dif-
ferent wavelength when the condition of artificial ki-
netics is altered by a perturbation of the medium by
a series of shot pressure pulses;
Fig. 4 illustrates a relationship between the natural
logarithm of the light response of the medium at one
wavelength λI and natural logarithm of the light re-
sponse at the other wavelength;
Fig. 5 illustrates an example of a calibration curve
for a certain patient;
Fig. 6 illustrates a schematic block diagram of a
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measuring system for carrying out the method of the
present invention, according to one embodiment of
the invention;
Fig. 7 illustrates a schematic block diagram of the
probe schematically shown in Fig. 6, according to
one embodiment of the invention; and
Figs. 8 illustrate a perspective view of the probe
schematically shown in Fig. 6, according to another
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0030] The principles and operation of the system and
method for non-invasive optical measurement of blood
parameters according to the present invention may be
better understood with reference to the drawings and the
accompanying description, it being understood that
these drawings and examples in the description are given
for illustrative purposes only and are not meant to be
limiting. The same reference Roman numerals and al-
phabetic characters will be utilized for identifying those
components which are common in the system for non-
invasive optical measurement of blood parameters
shown in the drawings throughout the present description
of the invention.
[0031] According to one general aspect, the present
invention provides a novel method and system for non-
invasive optical determination of blood characteristics.
Examples of the blood characteristics include, but are
not limited to concentration of a substance in patient’s
blood (e.g., glucose, hemoglobin), oxygen saturation,
Erythrocyte Sedimentation Rate (ESR) and Erythrocyte
Aggregation Rate (EAR). The method is based on cre-
ating and controlling the artificial blood kinetics in a pa-
tient’s blood perfused fleshy medium, e.g., his finger, and
applying optical measurements thereto. The condition of
artificial kinetics is created and maintained for a certain
time period. The condition of artificial kinetics is prefera-
bly created by applying a primary over-systolic pressure
to a certain location at the medium with a normal blood
flow so as to achieve a state of temporary blood flow
cessation. The control of the condition of the artificial ki-
netics is achieved by applying a perturbation of a sec-
ondary pressure to the fleshy medium, as will be de-
scribed in detail hereinbelow.
[0032] The non-invasive optical measurements are
carried out by illuminating a measurement location on
the medium with incident light beams of at least two dif-
ferent wavelengths in a range where the scattering or
absorbing properties of blood are sensitive to light radi-
ation (e.g., in red through near infrared (NIR) range).
[0033] Referring now to the drawings, Fig. 1 illustrates
an example showing a typical plot representing light
transmission characteristic (light responses) of blood ob-
tained over the time interval when the condition of artificial
kinetics is created, maintained during a certain cessation
time, and then released. In particular, the plot shows how
the light-transmitting characteristic of blood changes un-

der the  application and release of the primary over-systo-
lic pressure. The transmitting characteristics are shown
in Fig. 1 (and in the further drawings) as the so-called
"Relative Transmission", i.e., in Transmission Arbitrary
Units or T(A.U.).
[0034] The application of primary pressure to the fleshy
medium starts at a moment Tstart, and is maintained for
a period of time such as not to cause irreversible changes
in the medium (e.g., 4 seconds). The pressure is released
at the moment Trelease. Measurements of the Relative
Transmission are performed continuously, starting prior
to the application of the over-systolic pressure. Different
regions of light responses of the medium, designated A,
B, C, D and E, corresponding to the different states of
the blood flow are observed. Region A corresponds to a
state of normal blood flow before the over-systolic pres-
sure is applied. As shown, this region is characterized
by a standard fluctuating value of the relative light trans-
mission of blood. Region B starts at moment Tstart (when
the pressure is initially applied) and maintains over a
short period of time TB (about 0.5sec) following the actual
start of the condition of artificial blood kinetics. Measure-
ments taken over this time period are not steady and can
be disregarded, due to the unavoidable influence of mo-
tional and/or other artifacts causing non-monotonic fluc-
tuations of the light transmission. Region C corresponds
to a state of the temporary cessation of blood flow, which
lasts within a cessation time Tc between a moment de-
termined as (Tstart+TB) and the moment Trelease. During
this cessation time Tc the ascending curve (as shown in
Fig. 1) or descending curve (not shown), depending on
the incident wavelength of relative light transmission of
blood, can be observed. It should be noted that this is
the region where the condition of artificial kinetics is main-
tained over TC. Generally, the light transmission curve
can reach an asymptotic maximum over one second to
several minutes. Region D corresponds to a transitional
state of blood flow, which takes place after releasing the
over-systolic pressure. This state starts with a slight delay
Td (approximately 0.5sec), i.e., at the moment deter-
mined as (Trelease+Td). During the time period TD of the
duration of region D, the relative transmission of blood
monotonously descends until it reaches values charac-
teristic of the normal blood flow. Such a  moment is
marked as Tend in the drawing. Usually, the end of region
D, and the beginning of region E, is detected when the
changes of the light transmission become periodic and
minimal (about 2%). Region E corresponds to a state of
the normal blood flow, which is similar to that in region
A. This technique is disclosed in the above-indicated pat-
ent publications, assigned to the assignee of the present
application.
[0035] According to the present invention, the optical
determination of blood characteristics is carried out over
a predetermined time interval when the condition of arti-
ficial blood kinetics is controllably altered. This predeter-
mined time interval is within the time period during which
the primary over-systolic pressure is maintained.
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[0036] According to one embodiment of the invention,
the altering of the condition of the artificial blood kinetics
is performed by applying a perturbation to the medium
by a secondary pressure pulse of a predetermined value
over the predetermined time interval so as to modulate
scattering properties of blood. According to one example,
the secondary pressure can be applied to the medium
(e.g., patient’s finger) at the location of the main occlusion
providing the over-systolic pressure. According to anoth-
er example, the secondary pressure can be applied to
the medium at a certain location selected downstream
of the main occlusion with respect to the blood flow di-
rection. It should be noted that the location of the applying
of the secondary pressure may either coincide with the
location of a light detector or slightly differ from it, de-
pending on the kind of measured medium and/or design
of the measurement probe. The physical effect of the
secondary pressure results, inter alia, in the modification
of the aggregates of red blood cells (RBC). Therefore,
the location of the applying of the secondary pressure
has to be in the vicinity of the measurement place.
[0037] Fig. 2 illustrates a plot showing three examples
(curves 21, 22 and 23) of the time dependency of light
transmission characteristics of blood experimentally ob-
tained for three different wavelengths (namely,
λ1=610nm, λ2=670nm and  λ3=810nm) when the condi-
tion of artificial kinetics is altered by a perturbation of a
secondary pressure step pulse applied to the medium.
[0038] The application of the primary over-systolic
pressure (for example, higher than 180 mmHg) to the
fleshy medium starts at a certain time moment (tstart=0sec
as shown in Fig. 2), and is maintained as long as desired
(16sec in Fig 2). Preferably, the duration of the applying
of the primary pressure is stipulated by the condition to
bring about the artificial blood kinetics without causing
irreversible changes in the medium. Then, the step pulse
of the secondary pressure (about 300 mmHg) is applied
at the time moment of tsec ≈4sec that is reflected by a
bend of the curves 21, 22 and 23 at the time kick point tsec.
[0039] It should be noted that the predetermined value
of the secondary pressure pulse can, for example, be in
the range of about 0-300 mmHg). It was found by the
inventors that one can obtain some more useful informa-
tion about the patient’s blood characteristics by means
of manipulating the magnitude of the secondary pressure
pulse. In particular, in the case when the magnitude of
the secondary pressure pulse is small and does not ex-
ceed a certain relatively small value P1, all three main
components of the blood (venous, capillary and arterial
blood components) can provide contribution in the meas-
urements. However, in the case when the magnitude of
the secondary pressure would exceed the value of P1
the venous blood component can be excluded from the
consideration. Likewise, in order to exclude from the con-
sideration also the capillary blood component the sec-
ondary pressure should exceed the value of P2 (where
P2 > P1). In other words, when the magnitude of the sec-
ondary pressure is over P2 venous and capillary blood

becomes forced out of the measurement location, while
arterial blood remains at the measurement location, and
measurements in this case would be applied to arterial
blood only. It should be understood that the values of P1
and P2 depend on the person’s physiology, and should
be selected individually for each patient. It should be ap-
preciated that a modification of RBC clusters resulting in
the altering of the artificial kinetics can be caused by
many different ways. Thus, other than the single second-
ary pulse described above, the altering of the condition
of artificial  blood kinetics can be carried out by applying
a perturbation to the medium by means of the secondary
pressure of a predetermined cyclic pattern over the pre-
determined time interval. The cyclic pattern can be a se-
ries of shot pressure pulses having amplitudes in the
range of about 0-300 mmHg.
[0040] Fig. 3 illustrates a plot showing three examples
(curves 31 and 32) of the time dependency of light trans-
mission characteristics of blood experimentally obtained
for three different wavelengths (namely, λ1=670nm and
λ2=810nm) when the condition of artificial kinetics is al-
tered by a perturbation of the medium by a series of shot
secondary pressure pulses. In the example shown in Fig.
3, the duration of the secondary pressure pulses is 1.5s
while the amplitude is in the range of about 220-300nmm
Hg. It should be appreciated that in practice the magni-
tudes of the pulse duration and amplitude depend on the
particular patient and configuration of the measurement
system.
[0041] Different regions of light responses of the me-
dium, designated N, P, SA1, SR1, SA2, SR2, etc. cor-
responding to the different states of the blood flow, are
observed. Region N is analogous to region A in Fig. 1,
and corresponds to a state of normal blood flow before
the over-systolic pressure is applied. As shown, this re-
gion is characterized by a standard fluctuating value of
the relative light transmission of blood. Region P starts
at the time moment when the primary over-systolic pres-
sure is applied to the medium (tstart=8sec in Fig. 3) and
continues until the perturbation of the medium by a first
secondary pressure pulse (tsal=10.5sec in Fig. 3). The
first secondary pressure pulse is applied over 8.5 sec
(region SA1) and released at the time moment tsr1=19sec
that is reflected by a decrease of the light transmission
curve over 7sec (region SR1). Thereafter, a second sec-
ondary pressure pulse (tsa2=26sec in Fig. 3) is applied
over 9 sec (region SA2), which is released at the time
moment tsr2=35sec (region SR2). It should be noted that
application of the secondary pressure pulses can contin-
ue as long as desired over the time period when the over-
systolic pressure is applied.
[0042] According to the invention, the detection of the
light responses of the medium for the purpose of deter-
mining the desired blood characteristics is carried  out
during the altering of the condition of the artificial blood
kinetics. For example, for the above case corresponding
to Fig. 2, the measured data indicative of time evolutions
of the light responses of the medium for at least two dif-
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ferent wavelengths over the time interval that starts when
step pulse of the secondary pressure has been applied
and onward can be used for the determining of the blood
characteristics. Likewise, for the case corresponding to
Fig. 3, the measured data of the light responses over at
least one time interval selected from the intervals when
the secondary pressure pulse was applied (i.e., any in-
terval selected from intervals SA1, SA2, etc.) can be used
for the determining of the blood characteristics. Moreo-
ver, the measured data over at least one interval selected
from the intervals after the release of the secondary pres-
sure (i.e., any interval selected from intervals SR1, SR2,
etc.) can also be utilized for the determining of the blood
characteristics.
[0043] According to the invention, a parameter derived
from scattering spectral features of the medium during
the altering of the condition of the artificial blood kinetics
is used for the determination of blood characteristics. Ac-
cording to one example, this parameter is a parametric
slope (PS) defined as a ratio between a first function de-
pending on a light response of the medium corresponding
to one wavelength and a second function depending on
the light response of the medium corresponding to an-
other wavelength.
[0044] According to one embodiment, the first and sec-
ond functions can be logarithmic functions log(T1) and
log(T2) of the light responses T1 and T2 corresponding
to the two different wavelengths λ1 and λ2, respectively.
According to another embodiment, the first and second
functions can be functions of the time rate of the changes
of the light response signal, i.e., ΔT/Δt (or ΔlogT/Δt),
where Δt can be any part of the time interval during which
the condition of artificial kinetics is changed.
[0045] Referring to Fig. 4, an exemplary plot showing
a relationship between the natural logarithm of the light
response In(T1) of the medium at the wavelength
λ1=670nm and the natural logarithm of the light response
In(T2) at the wavelength λ2=810nm. The measurements
were obtained when the condition of artificial  kinetics is
altered by a perturbation of the medium by a first sec-
ondary pressure pulse, i.e. over interval SA1 shown in
Fig.3. As can be seen, the relationship between ln(T1)
and In(T2) is a linear function, and the parametric slope
(PS) is determined as the value of tangent of the angle
between the line 41 and the abscissa axis. It can be ap-
preciated that for determination of the PS, for example,
a known linear regression algorithm can be used. For the
example shown in Fig. 4, PS=0.9.
[0046] According to the invention, for determination of
a desired blood characteristic certain reference data sen-
sitive to patient individuality should be provided. The ref-
erence data should be indicative of the desired blood
characteristic as a function of the parameter derived from
scattering spectral features of the medium. Such refer-
ence data can, for example, be a calibration curve defin-
ing a dependence of the PS on the desired blood char-
acteristic. The calibration curve can be created by plotting
a dependence of the PS versus the desired blood char-

acteristic that can be obtained for the particular individual
or various patients by any other known method, inde-
pendent of the current measurements. It should be ap-
preciated that for different blood characteristics the inde-
pendent methods may also be different. For example, a
calibration curve to be used for determining the oxygen
saturation for a specific patient may, in general, be con-
structed by applying measurements to various patients,
and/or by applying the two kinds of measurements for a
single patient in a breath hold experiment using a multi-
ple-occlusion mode.
[0047] Fig. 5 illustrates an example of the calibration
curve for a certain patient. This calibration curve repre-
sents a dependence of the PS calculated for the patient
from the measurements of light transmission signals of
the measured medium at the wavelengths λ1=610nm and
λ2=810mn versus glucose concentration. This calibration
curve can be used for determining a resulting value of
the glucose concentration when a value of the PS is ob-
tained by using the described above method.
[0048] It should be appreciated that the corresponding
calibration curve can be obtained also for other blood
characteristics. Examples of the blood characteristics in-
clude, but are not limited to concentration of a substance
in patient’s blood (e.g., glucose, hemoglobin), oxygen
saturation, Erythrocyte Sedimentation Rate (ESR) and
Erythrocyte Aggregation Rate (EAR).
[0049] Referring to Fig. 6, a schematic block diagram
of a measuring system 60 applied to a patient’s finger F
for carrying out the method of the present invention is
illustrated. It should be noted that the blocks in Fig. 6 are
intended as functional entities only, such that the func-
tional relationships between the entities are shown, rath-
er than any physical connections and/or physical rela-
tionships. Although the application of the measuring sys-
tem to the patient’s finger F will be illustrated below, it
should be understood that other parts of the patient’s
body, e.g., a toe, a wrist, an elbow and/or a knee, can
also be used, mutatis mutandis, as a medium for the light
transmission measurements. The system 60 comprises
such main constructional parts as an optical probe 61
and a control unit 62. The optical probe 61 includes illu-
mination and light collection/detection assemblies and a
pressurizing assembly, as will be described more spe-
cifically further below with reference to Figs. 7 and 8. The
control unit 62 is connectable to the illumination assembly
for operating light sources drivers, to the output of the
light collection/detection assembly (via a suitable elec-
tronic block, typically including an analog to digital con-
verter) to be responsive to measured data, and to the
pressurizing assembly for controllably applying the cor-
responding pressure. The control unit 62 is a computer
system having such utilities as a processor 621 (data
acquisition and processing utility), a memory 622 for stor-
ing inter alia reference data (RD), and a monitor 623 for
presenting the measurement results. The processor is
preprogrammed by a suitable software model capable of
analyzing the received output of the detection assembly
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(measured data) and determining one or more desired
characteristics of the patient’s blood, as have been de-
scribed above.
[0050] Fig. 7 exemplifies one possible implementation
of the probe 61. The probe 61 includes a pressurizing
assembly 701 and a measuring unit 702. The  pressuriz-
ing assembly 701 includes a primary pressurizing ar-
rangement (occlusion cuff) 72 operable for applying the
primary over-systolic pressure to the patient’s finger F at
a location L1, a secondary pressurizing arrangement (oc-
clusion cuff) 71 operable for applying the secondary pres-
sure to the patient’s finger at a location L2 in the vicinity
of a measurement location (where optical measurements
are applied), and a pressure driver 73 actuated by the
control unit (62 in Fig. 6) for operating the squeezing of
the cuffs 71 and 72. The primary occlusion cuff 72 and
the secondary occlusion cuff 71 may be of any known
suitable type. It should be noted that the primary occlu-
sion cuff 72 may, for example, be accommodated on the
patient’s wrist or palm, while the secondary occlusion
cuff 71 and the measuring unit 702 may be located on
the patient’s finger. According to this embodiment, the
measurement location ML and consequently the location
L2 of the secondary pressure, is selected downstream of
the main occlusion location (location L1) with respect to
the normal blood flow direction.
[0051] The measuring unit 702 comprises an illumina-
tion assembly 74 and a light collection/detection assem-
bly 75 for detecting a light response of a measurement
location ML. The position of the illumination and detection
assemblies 74 and 75 can be exchanged, or they can be
located on the same side of the finger for reflection-mode
measurements. The illumination assembly 74 is de-
signed for generating light of different wavelengths (at
least two different wavelengths). For example, the illumi-
nation assembly may include a plurality of light sources
(e.g., LEDs), which are not specifically shown, associat-
ed with a suitable drive mechanism 76 operated by the
control unit (62 in Fig. 6). Alternatively, a single broad
band illuminator can be used. The light collection/detec-
tion assembly 75 includes one or more frequency selec-
tive detectors. Examples of collection/detection assem-
bly 75 include, but are not limited to, spectrophotometers
and/or photodiodes typically equipped with frequency se-
lective filters and amplifying means, which are not spe-
cifically shown. It should be noted that the measurement
location ML may, for example, be accommodated so as
to coincide with the location of applying the secondary
pressure or slightly differ from it, depending on the kind
of measured medium and/or design of the measurement
probe.
[0052] The optical measurements are carried out to
detect the light response of the medium (light transmitted
through the medium or the light reflected therefrom, as
the case may be), and to generate data representative
thereof (constituting measured data). In the present ex-
ample of Fig. 7, the light transmitted through the medium
is detected.

[0053] Fig. 8 illustrates the implementation of a probe,
denoted 161, according to another embodiment of the
invention, wherein the locations L1, L2 and measurement
location ML substantially coincide. According to this em-
bodiment, the probe 161 has two portions 81 and 82 each
of a substantially U-shaped cross-section arranged with
respect to each other for enclosing and holding therebe-
tween a portion of the patient’s finger (not shown in Fig.
8). The U-shape parts 81 and 82 are made of a rigid or
semi-rigid material, such as metal or plastic. In the cross-
section, the U-shape parts 81 and 82 can, for example,
be of semi-circle or semi-oval forms. The parts 81 and
82 can partially overlap over a predetermined distance.
The probe 161 comprises a pressurizing assembly 801
that includes an air cushion 83 associated with a drive
mechanism (not shown) and operable to apply pressure
to the finger portion enclosed between the parts 81 and
82. By moving the upper and lower parts 81 and 82 of
the probe towards each other, a position of a finger ther-
ebetween is fixed. Then, a locking device 86 further fixes
the parts 81 and 82 to thereby apply a certain preliminary
pressure to start the measurement procedure. The lock-
ing device may be implemented by any suitable known
means (e.g., including a teeth arrangement and a spring
assembly) and is aimed at preventing the opening of the
ring-like probe. Then, a cushion 83, which in the present
example is associated with the lower semi-ring 81, is op-
erated to press the finger to the upper semi-ring 82 to
thereby apply an over-systolic pressure (e.g.,
220-250mmHg) to thereby create a blood flow cessation
in the finger and enable measurements. Then, a higher
secondary pressure is supplied through the cushion 83.
Thus, according to this embodiment of the invention, the
primary over-systolic  pressure as well as the secondary
pressure is applied to the same location on the finger via
the same pressurizing assembly (cushion 83). Therefore,
the location of the main occlusion providing the over-
systolic pressure coincides with the location at which the
artificial blood kinetics is altered.
[0054] The probe 161 further comprises a measuring
unit 802 configured for illuminating a measurement loca-
tion on the portion of the finger with incident light beams,
detecting light responses of the medium (at different
wavelengths of incident light), and generating measured
data indicative of time evolutions of the light responses
of the blood. As described above, incident light beams
being of at least two different wavelengths in a range
where the scattering properties of blood are sensitive to
the light radiation. The measuring unit 802 includes an
illumination assembly 84 mounted on a holding frame 84
and a light collection/detection assembly 85. Similar to
the previously described example, the illumination as-
sembly 84 can include a plurality of light sources (e.g.,
LEDs) associated with a suitable drive mechanism (not
shown) operated by the control unit (62 in Fig. 6), or a
single broad band illuminator. The light sources radiate
the measurement location of the finger through an aper-
ture (not seen in Fig. 8) arranged in the part 82 to provide
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unobstructed optical transmission to the surface of the
finger.
[0055] The light collection/detection assembly 85 in-
cludes a detector, which is not specifically shown, that
can receive the light radiation transmitted through the
finger via an aperture 87. In the example of Fig. 8, the
measuring unit 802 operates in the transmission mode.
Thus, the light collection/detection assembly 85 is mount-
ed opposite to the illumination assembly 84. Although in
the examples of Figs. 7 and 8 the transmission mode of
measurements is illustrated, it should be understood that
the reflection mode of measurements can be used as
well, for the purpose of which the light collection/detection
assembly would be accommodated adjacent to the illu-
minator. Still alternatively, the detector unit may include
an array of light detectors (generally, at least two such
detectors) arranged in a spaced-apart relationship along
the circumference of the finger.
[0056] It should be noted that the pneumatic mecha-
nism of a pressurizing assembly may be replaced by any
other suitable means. For example, a pressurizing as-
sembly can include a squeezing cuff associated with a
pressure drive (e.g., a wind-up spring) operable to move
either one of the U-shape parts 81 and 82 towards one
another, and thereby apply continuously variable pres-
sure to the finger portion enclosed between the parts 81
and 82. The pressure applied to the finger should be suf-
ficient to cause total cessation of the blood flow in the
finger. Preferably, the curvature of the inner walls of the
parts 81 and 82 is correlated to the average curvature of
the finger such that to provide a uniform pressure on the
finger along its circumference.
[0057] Those skilled in the art to which the present in-
vention pertains, can appreciate that while the present
invention has been described in terms of preferred em-
bodiments, the concept upon which this disclosure is
based may readily be utilized as a basis for the designing
of other structures, systems and processes for carrying
out the several purposes of the present invention.
[0058] Also, it is to be understood that the phraseology
and terminology employed herein are for the purpose of
description and should not be regarded as limiting.
[0059] In the method claims that follow, alphabetic
characters numerals used to designate claim steps are
provided for convenience only and do not imply any par-
ticular order of performing the steps.
[0060] Finally, it should be noted that the word "com-
prising" as used throughout the appended claims is to
be interpreted to mean "including but not limited to".
[0061] It is important, therefore, that the scope of the
invention is not construed as being limited by the illus-
trative embodiments set forth herein. Other variations are
possible within the scope of the present invention as de-
fined in the appended claims and their equivalents.

Claims

1. A method for use in non-invasive optical measure-
ments of at least one desired characteristic of pa-
tient’s blood, the method comprising:

(a) applying a primary over-systolic pressure to
a medium with a normal blood flow so as to
achieve a state of temporary blood flow cessa-
tion at a measurement location in the medium
thereby creating a condition of artificial blood ki-
netics at the measurement location,and main-
taining this condition for a certain time period,
the primary pressure being applied to the medi-
um in a location either upstream of the meas-
urement location with respect to the normal
blood flow direction in the medium or in the vi-
cinity of the measurement location;
(b) applying a secondary controllably varying
pressure to the medium over a predetermined
time interval within said certain time period for
thereby altering said condition of artificial blood
kinetics at the measurement location to modu-
late light responses of the medium by changing
scattering properties of blood while maintaining
the application of the primary pressure and thus
maintaining the condition of artificial blood kinet-
ics, the secondary pressure being applied at a
location in the vicinity of the measurement loca-
tion being either downstream of the location of
the primary pressure application and varying
from zero to the over-systolic pressure values,
or substantially at the same location as the lo-
cation of the primary pressure application and
varying starting from said primary over-systolic
pressure value and reaching higher over-systo-
lic values, the secondary pressure having at
least one pulse of a predetermined value or a
predetermined cyclic pattern; and
(c) applying optical measurements to the meas-
urement location during at least a part of said
predetermined time interval, the applying of the
optical measurements comprising illuminating
the measurement location with incident light
beams of at least two different wavelengths in a
range where the scattering properties of blood
are sensitive to light radiation, detecting light re-
sponses of the medium, and generating meas-
ured data indicative of time evolutions of the light
responses of the medium for said at least two
different wavelengths, respectively, under the
condition of artificial blood kinetics maintained
by the primary pressure and being altered by
the secondary pressure.

2. The method of Claim 1, comprising:

analyzing the measured data and determining
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a parameter derived from scattering spectral
features of the medium as a relation between
the different time evolutions of the light respons-
es of the medium; and
utilizing the calculated parameter and predeter-
mined reference data, sensitive to patient indi-
viduality and indicative of the desired blood char-
acteristic as a function of the parameter derived
from scattering spectral features of the medium,
and determining a value of the desired blood
characteristic.

3. The method of Claim 2 wherein said reference data
is a calibration curve defining a dependence of the
parameter on the desired blood characteristic.

4. The method of Claim 2 wherein said parameter is a
parametric slope defined as a ratio between a first
function depending on a light response of the medi-
um corresponding to one wavelength and a second
function depending on the light response of the me-
dium corresponding to another wavelength, said one
wavelength and another wavelength being selected
from said at least two different wavelengths.

5. The method of Claim 4 wherein said first and second
functions are logarithmic functions of the light re-
sponse corresponding to said at least two different
wavelengths, respectively.

6. The method of Claim 4 wherein said first and second
functions are a time rate of the changes of light re-
sponse signal.

7. The method of any one of preceding Claims wherein
said certain time period is insufficient for irreversible
changes in the fleshy medium.

8. The method of any one of Claims 1 to 7 wherein said
predetermined cyclic pattern is in the form of sec-
ondary pressure pulses having amplitudes in the
range from zero to over-systolic pressure values
higher than said primary over-systolic pressure.

9. The method of any one of Claims 1 to 7 wherein said
predetermined cyclic pattern is in the form of sec-
ondary pressure pulses having amplitudes in the
range starting from said primary over-systolic pres-
sure value.

10. The method of any one of preceding Claims wherein
said at least two different wavelengths are in the red-
NIR range.

11. The method of any one of preceding Claims wherein
said at least one desired characteristic of patient’s
blood is selected from the following: concentration
of a substance in patient’s blood, oxygen saturation,

Erythrocyte Sedimentation Rate (ESR) and Erythro-
cyte Aggregation Rate (EAR).

12. The method of Claim 11 wherein said substance is
selected from glucose and hemoglobin.

13. A method of controlling the operation of an optical
measurement system including an optical measur-
ing unit, a pressurizing means and a control unit and
aimed at non-invasive determination of patient’s
blood characteristics, the method comprising:

- operating the pressurizing means to apply pri-
mary over-systolic pressure to a certain location
on a patient’s blood perfused fleshy medium be-
ing upstream of the measurement location with
respect to a normal blood flow direction in the
medium or being in the vicinity of a measure-
ment location and maintaining said primary
pressure for a certain time period to thereby
achieve and maintain a state of temporary blood
flow cessation at the measurement location in
the medium;
- operating the pressurizing means to apply a
perturbation to the medium by applying a con-
trollably varying secondary pressure over a pre-
determined time interval of said certain time pe-
riod, so as to alter said state of temporary blood
flow cessation at the measurement location over
the predetermined time interval and thus mod-
ulate scattering properties of blood, the second-
ary pressure being applied to a location in the
vicinity of the measurement location being either
downstream of the location of the primary pres-
sure application and varying from zero to the
over-systolic pressure values, or substantially
at the same location as the location of the pri-
mary pressure application and varying starting
from said primary over-systolic pressure value
and reaching higher over-systolic values, the
secondary pressure having at least one pulse
of a predetermined value or having a predeter-
mined cyclic pattern; and
- operating the optical measuring unit to applying
optical measurements to the measurement lo-
cation over at least a part of said predetermined
time interval when the measurement location is
maintained with the state of temporary blood
flow cessation by the primary pressure and said
state of temporary blood flow cessation is being
altered by the secondary pressure, said apply-
ing of the optical measurements comprising il-
luminating the measurement location with inci-
dent light beams of at least two different wave-
lengths in a range where the scattering proper-
ties of blood are sensitive to light radiation, de-
tecting light responses of the medium, and gen-
erating measured data indicative of time evolu-
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tions of the light responses of the medium for
said at least two different wavelengths, respec-
tively.

14. The method of Claim 13 wherein said predetermined
cyclic pattern is in the form of secondary pressure
pulses having amplitudes in the range from zero to
over-systolic pressure values higher than said pri-
mary over-systolic pressure.

15. The method of Claim 13 wherein said predetermined
cyclic pattern is in the form of secondary pressure
pulses having amplitudes in the range starting from
said primary over-systolic pressure value.

16. An optical system for use in non-invasive optical de-
termination of at least one desired characteristic of
patient’s blood, the system comprising:

(A) a probe including: (i) an optical measuring
unit operable for illuminating a measurement lo-
cation on a patient’s blood perfused flesh medi-
um with different wavelengths of incident light,
detecting light responses of the medium, and
generating measured data indicative of time ev-
olutions of the light responses of the medium
corresponding to the different wavelengths of in-
cident light, respectively; and (ii) a pressurizing
assembly operable for applying pressure to the
patient’s fleshy medium;
(B) a control unit connectable to said measuring
unit and said pressurizing assembly and com-
prising: (a) a memory for storing reference data
sensitive to patient individuality and indicative
of the desired blood characteristic as a function
of a parameter derived from scattering spectral
features of the medium, and (b) a data acquisi-
tion and processing utility coupled to output of
the measuring unit for receiving and analyzing
the measured data to utilize the reference data
and determine said at least one desired blood
characteristic, wherein the control unit is config-
ured for carrying out the following:

operating the pressurizing assembly to ap-
ply and maintain for a certain time period a
primary over-systolic pressure at a certain
location on the medium being upstream of
the measurement location with respect to a
normal blood flow direction in the medium
or being in the vicinity of the measurement
location to create and maintain a state of
temporary blood flow cessation in the me-
dium at the measurement location corre-
sponding to a condition of artificial blood ki-
netics in the medium at the measurement
location, ,
operating the pressurizing assembly to ap-

ply a perturbation to the medium by applying
secondary controllably varying pressure to
the fleshy medium in the vicinity of the
measurement location over a predeter-
mined time interval within said certain time
period when the primary over-systolic pres-
sure is being maintained, so as to alter said
condition of artificial blood kinetics over said
predetermined time interval modulating
scattering properties of blood, the second-
ary pressure having at least one pulse of a
predetermined value or having a predeter-
mined cyclic pattern such that the second-
ary pressure is either varied from zero to
the over-systolic pressure values, or is var-
ied from said primary over-systolic pressure
value to higher over-systolic values; and
operating the optical measuring unit to ap-
ply the optical measurements over at least
a part of said predetermined time interval
while the condition of the artificial blood ki-
netics is being altered.

17. The system of Claim 16 wherein said pressurizing
assembly includes:

a primary occlusion cuff for applying said prima-
ry over-systolic pressure to the fleshy medium
at a first location upstream of the measurement
location with respect to the normal blood flow
direction in the medium,
a secondary occlusion cuff for applying the sec-
ondary pressure to the flesh medium at a second
location, said secondary pressure being control-
lably variable up to over-systolic pressure val-
ues, and
a pressure driver assembly actuated by the con-
trol unit for operating the primary and secondary
occlusion cuffs.

18. The system of Claim 16 or 17 wherein said reference
data is a calibration curve defining a dependence of
the parameter on the desired blood characteristic.

19. The system of Claim 18 wherein said parameter is
a parametric slope defined as a ratio between a first
function depending on a light response of the medi-
um corresponding to one wavelength and a second
function depending on the light response of the me-
dium corresponding to another wavelength, said one
wavelength and another wavelength are selected
from said at least two different wavelengths.

20. The system of any one of Claims 16 to 19 wherein
said probe includes two substantially U-shaped por-
tions configured for enclosing and holding a portion
of the patient’s flesh medium therebetween.
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21. The system of Claim 20 wherein dimensions of the
U-shaped portions are such that one of them can
enter into the other onto a predetermined distance.

22. The system of Claim 20 or 21, wherein the pressu-
rizing assembly includes an air cushion mounted on
an inner side of at least one of the U-shaped portions
and connected to a driver operable by the control
unit to apply a controllable variable pressure to the
portion of the medium enclosed between the two U-
shaped portions.

23. The system of Claim 20 or 21 wherein the pressu-
rizing assembly includes a cuff operable to move the
U-shaped portions towards one another, and there-
by apply the primary and secondary pressure to the
portion of the medium enclosed therebetween.

24. The system of any one of Claims 16 to 23 wherein
the measuring unit is operable in a transmission
mode.

25. The system of any one of Claims 16 to 23 wherein
the measuring unit is operable in a reflection mode.

Patentansprüche

1. Ein Verfahren zur Anwendung in nicht invasiven op-
tischen Messungen mindestens einer gewünschten
Eigenschaft des Blutes von Patienten, wobei das
Verfahren Folgendes umfasst;

(a) Anwendung eines primären übersystoli-
schen Drucks auf ein Medium mit einem norma-
len Blutfluss, um so einen Zustand vorüberge-
henden Blutfluss-Stillstands an einem Mes-
spunkt im Medium zu erreichen und so einen
Zustand künstlicher Blutkinetik am Messpunkt
zu erzeugen, und Aufrechterhaltung dieses Zu-
stands über einen bestimmten Zeitraum, wobei
der primäre Druck auf das Medium an einer Stel-
le ausgeubt wird, die entweder stromaufwärts
vom Messpunkt liegt, mit Bezug auf die normale
Blutflussrichtung im Medium, oder in der Nähe
des Messpunkts;
(b) Anwendung eines sekundären, kontrollier-
bar variierenden Drucks auf das Medium über
ein vordefiniertes Zeitintervall innerhalb des be-
stimmten Zeitraums, um dadurch den Zustand
künstlicher Blutkinetik am Messpunkt zu verän-
dern, um Lichtreaktionen des Mediums durch
sich ändernde Streuungseigenschaften des
Blutes zu modulieren und gleichzeitig die Aus-
übung des primären Drucks beizubehalten und
so den Zustand künstlicher Blutkinetik beizube-
halten, wobei der sekundäre Druck, der auf eine
Stelle in der Nähe des Messpunkts ausgeübt

wird, sich entweder stromabwärts vom Ort der
primären Druckausübung befindet und von Null
bis zu den übersystolischen Druckwerten vari-
iert, oder im Wesentlichen an demselben Ort wie
dem Ort der primären Druckausübung, und aus-
gehend von dem primären übersystolischen
Druckwert variiert und höhere übersystolische
Werte erreicht, wobei der sekundäre Druck min-
destens einen Impuls mit einem vordefinierten
Wert oder einem vordefinierten zyklischen Mu-
ster hat; und
c) Anwendung optischer Messungen auf den
Messpunkt während zumindest eines Teils des
vordefinierten zeitintervalls, wobei die Anwen-
dung der optischen Messungen die Beleuch-
tung des Messpunkts mit einfallenden Licht-
strahlen mindestens zwei verschiedener Wel-
lenlängen in einem Bereich umfasst, in dem die
Streuungseigenschaften von Blut empfindlich
gegenüber Lichtstrahlung sind, Erfassung von
Lichtreaktionen des Mediums und Erzeugung
von Messdaten, die jeweils Zeitentwicklungen
der Lichtreaktionen des Mediums bei den min-
destens zwei verschiedenen Wellenlängen an-
zeigen, jeweils, unter der Bedingung künstlicher
Blutkinetik, die durch den primären Druck auf-
rechterhalten und durch den sekundären Druck
verändert wird.

2. Das Verfahren gemäß Anspruch 1, das Folgendes
umfasst:

Analyse der Messdaten und Bestimmung eines
Parameters, der von den Streuungs-Spektral-
merkmalen des Mediums als Verhältnis zwi-
schen den verschiedenen Zeitentwicklungen
der Lichtreaktionen des Mediums abgeleitet ist;
und
Nutzung des berechneten Parameters und der
vordefinierten Referenzdaten, empfindlich ge-
genüber Patienten-Individualität und kenn-
zeichnend für die gewünschte Bluteigenschaft
als Funktion des Parameters, abgeleitet von
Streuungs-Spektralmerkmalen des Mediums,
und Bestimmung eines Wertes der gewünsch-
ten Bluteigenschaft.

3. Das Verfahren gemäß Anspruch 2, worin die Refe-
renzdaten eine Kalibrationskurve sind, die eine Ab-
hängigkeit des Parameters von der gewünschten
Bluteigenschaft definiert.

4. Das Verfahren gemäß Anspruch 2, worin der Para-
meter eine parametrische Neigung ist, definiert als
ein Verhältnis zwischen einer ersten Funktion, ab-
hängig von einer Lichtreaktion des Mediums, die ei-
ner Wellenlänge entspricht, und einer zweiten Funk-
tion, abhängig von der Lichtreaktion des Mediums,
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die einer  anderen Wellenlänge entspricht, wobei die
eine Wellenlänge und die andere Wellenlänge aus
den mindestens zwei verschiedenen Wellenlängen
gewählt sind.

5. Das Verfahren gemäß Anspruch 4, worin die erste
beziehungsweise die zweite Funktion logarithmi-
sche Funktionen der Lichtreaktion sind, die den min-
destens zwei verschiedenen Wellenlängen entspre-
chen.

6. Das Verfahren gemäß Anspruch 4, worin die erste
und die zweite Funktion eine Zeitrate der Änderun-
gen des Lichtreaktions-Signals sind.

7. Das Verfahren gemäß einem beliebigen der obigen
Ansprüche, wobei der bestimmte Zeitraum nicht
ausreichend für irreversible Änderungen im fleischi-
gen Medium ist.

8. Das Verfahren gemäß einem beliebigen der Ansprü-
che 1 bis 7, worin das vordefinierte zyklische Muster
in Form sekundärer Druckimpulse vorliegt, die Am-
plituden im Bereich von Null bis zu übersystolischen
Druckwerten haben, die höher sind als der primäre
übersystolische Druck.

9. Das Verfahren gemäß einem beliebigen der Ansprü-
che 1 bis 7, worin das vordefinierte zyklische Muster
in Form sekundärer Druckimpulse vorliegt, die Am-
plituden in dem Bereich haben, der mit dem primären
übersystolischen Druckwert beginnt.

10. Das Verfahren gemäß einem beliebigen der obigen
Ansprüche, worin die mindestens zwei verschiede-
nen Wellenlängen im Rot-NIR-Bereich liegen.

11. Das Verfahren gemäß einem beliebigen der obigen
Ansprüche, worin die mindestens eine gewünschte
Eigenschaft des Patientenbluts gewählt ist aus: Kon-
zentration einer Substanz im Patientenblut, Sauer-
stoffsättigung, Blutkörperchensenkungsgeschwin-
digkeit (BSG) und Blutkörperchenaggregationsge-
schwindigkeit (Erythrocyte Aggregation Rate, EAR).

12. Das Verfahren gemäß Anspruch 11, worin die Sub-
stanz gewählt ist aus Glukose und Hämoglobin.

13. Ein Verfahren zur Steuerung des Betriebs eines op-
tischen Messsystems, das eine optische Messein-
heit, ein Druckbeaufschlagungsmittel und eine Steu-
ereinheit einschließt und zur nicht invasiven Bestim-
mung der Bluteigenschaften von Patienten dient,
wobei das Verfahren Folgendes umfasst:

- Betätigung des Druckbeaufschlagungsmittels,
um primären übersystolischen Druck auf eine
bestimmte Stelle im fleischigen durchbluteten

Medium eines Patienten auszuüben, die strom-
aufwärts vom Messpunkt, bezogen auf eine nor-
male Blutflussrichtung im Medium, oder in der
Nähe eines Messpunkts liegt, und Aufrechter-
haltung des primären Drucks über einen be-
stimmten Zeitraum, um so einen Zustand vor-
übergehenden Blutfluss-Stillstands am Mes-
spunkt im Medium zu erreichen und aufrechtzu-
erhalten;
- Betätigung des Druckbeaufschlagungsmittels,
um eine Störung auf das Medium auszuüben,
durch Ausübung eines steuerbar variierenden
sekundären Drucks über ein vordefiniertes Zeit-
intervall des bestimmten Zeitraums, um so den
Zustand vorübergehenden Blutfluss-Stillstands
am Messpunkt über das vordefinierte Zeitinter-
vall zu verändern und so die Streuungseigen-
schaften des Bluts zu modulieren, wobei der se-
kundäre Druck, der auf eine Stelle in der Nähe
des Messpunkts ausgeübt wird, sich entweder
stromabwärts von der Stelle der primären
Druckausübung befindet und von Null bis zu den
übersystolischen Druckwerten variiert, oder im
Wesentlichen an demselben Punkt wie dem
Punkt der primären Druckausübung, und aus-
gehend von dem primären übersystolischen
Druckwert variiert und höhere übersystolische
Werte erreicht, wobei der sekundäre Druck min-
destens einen Impuls mit einem vordefinierten
Wert oder ein vordefiniertes zyklisches Muster
hat; und
- Betätigung der optischen Messeinheit zur An-
wendung optischer Messungen auf den Messort
über zumindest einen Teil des vordefinierten
Zeitintervalls, wenn der Messort beibehalten
wird mit dem Zustand vorübergehenden Blut-
fluss-Stillstands durch den primären Druck und
der Zustand vorübergehenden Blutfluss-Still-
stands durch den sekundären Druck verändert
wird, wobei die Anwendung der optischen Mes-
sungen Folgendes umfasst: Beleuchtung des
Messorts mit einfallenden Lichtstrahlen minde-
stens zwei verschiedener Wellenlängen in ei-
nem Bereich, in dem die Stzeuungseigenschaf-
ten von Blut empfindlich gegenüber Lichtstrah-
lung sind, die Erfassung von Lichtreaktionen
des Mediums und, die Erzeugung von Messda-
ten, die Zeitentwicklungen der Lichtreaktionen
des Mediums jeweils für die mindestens zwei
verschiedenen Wellenlängen anzeigen, jeweils.

14. Das Verfahren gemäß Anspruch 13, worin das vor-
definierte zyklische Muster in Form sekundärer
Druckimpulse vorliegt, die Amplituden im Bereich
von Null bis zu übersystolischen Druckwerten ha-
ben, die höher sind als der primäre übersystolinche
Druck.
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15. Das Verfahren gemäß Anspruch 13, worin das vor-
definierte zyklische Muster in Form sekundärer
Druckimpulse vorliegt, die Amplituden in dem Be-
reich haben, der mit dem primären übersystolischen
Druckwert beginnt.

16. Ein optisches System zur Verwendung in der nicht
invasiven optischen Bestimmung mindestens einer
gewünschten Eigenschaft von Patientenblut, wobei
das System Folgendes umfasst:

(A) eine Sonde, die Folgendes einschließt: (i)
eine optische Messeinheit, die betätigt werden
kann, um einen Messpunkt auf dem durchblu-
teten Fleischmedium eines Patienten mit ver-
schiedenen Wellenlängen einfallenden Lichts
zu beleuchten, die Lichtreaktionen des Medi-
ums zu erfassen und, Messdaten zu erzeugen,
die Zeitentwicklungen der Lichtreaktionen des
Mediums anzeigen, die jeweils den verschiede-
nen Wellenlängen einfallenden Lichts entspre-
chen, jeweils; und (ii) einen Druckbeaufschla-
gungsaufbau, der betätigt werden kann, um
Druck auf das fleischige Medium des Patienten
auszuüben;
(B) eine Steuereinheit, die mit der Messeinheit
und dem Druckbeaufschlagungsaufbau verbun-
den werden kann und Folgendes umfasst: (a)
einen Speicher zum Speichern von Referenz-
daten, empfindlich gegenüber Patienten-Indivi-
dualität und kennzeichnend für die gewünschte
Bluteigenschaft als Funktion eines Parameters,
abgeleitet von Streuungs-Spektralmerkmalen
des Mediums, und (b) eine Datenerfassungs-
und -verarbeitungseinrichtung, gekoppelt mit
der Ausgabe der Messeinheit zum Empfangen
und Analysieren der Messdaten, um die Refe-
renzdaten zu nutzen und die mindestens eine
gewünschte Bluteigenschaft zu bestimmen, wo-
bei die Steuereinheit konfiguriert ist, um Folgen-
des durchzuführen:

Betätigung des Druckbeaufschlagungsauf-
baus, um einen primären übersystolischen
Druck an einer bestimmten Stelle auf dem
Medium, stromaufwarts vom Messpunkt,
bezogen auf eine normale Blutflussrichtung
im Medium, oder in der Nähe des Mes-
spunkts über einen bestimmten Zeitraum
auszuüben und aufrechtzuerhalten, um ei-
nen Zustand vorübergehenden Blutfluss-
Stillstands im Medium an dem Messpunkt
zu erzeugen und aufrechtzuerhalten, der ei-
nem Zustand künstlicher Blutkinetik in dem
Medium am Messpunkt entspricht,
Betätigung des Druckbeaufschlagungsauf-
baus, um eine Störung auf das Medium aus-
zuüben, durch Ausübung eines sekundären

steuerbar variierenden Drucks auf das flei-
schige Medium in der Nähe des Mes-
spunkts über ein vordefiniertes Zeitintervall
innerhalb des bestimmten Zeitraums, wenn
der  primäre übersystolische Druck auf-
rechterhalten wird, um so den Zustand
künstlicher Blutkinetik über das vordefinier-
te Zeitintervall unter Modulation der Streu-
ungseigenschaften des Blutes zu verän-
dern, wobei der sekundäre Druck minde-
stens einen Impuls mit einem vordefinierten
Wert oder ein vordefiniertes zyklisches Mu-
ster hat, so dass der sekundäre Druck ent-
weder von Null bis zu den übersystolischen
Druckwerten variiert oder von dem primä-
ren übersystolischen Druckwert bis zu hö-
heren übersystolischen Werten variiert; und
Betätigung der optischen Messeinheit, um
die optischen Messungen über zumindest
einen Teil des vordefinierten Zeitintervalls
durchzuführen, während der Zustand der
künstlichen Blutkinetik verändert wird.

17. Das System gemäß Anspruch 16, worin der Druck-
beaufschlagungsaufbau Folgendes einschließt:

eine primäre Okklusionsmanschette zur Aus-
übung des primären übersystolischen Drucks
auf das fleischige Medium an einer ersten Stelle
stromaufwärts vom Messpunkt, bezogen auf die
normale Blutflussrichtung im Medium,
eine sekundäre okklusionsmanichette zur Aus-
übung des sekundären Drucks auf das Fleisch-
medium an einer zweiten Stelle, wobei der se-
kundäre Druck steuerbar variabel bis zu über-
systolischen Druckwerten ist, und
einen Druck-Treiberaufbau, aktiviert von der
Steuereinheit zur Betätigung der primären und
der sekundären Okklusionsmanschette.

18. Das System gemäß Anspruch 16 oder 17, worin die
Referenzdaten eine Kalibrationskurve sind, die eine
Abhängigkeit des Parameters von der gewünschten
Bluteigenschaft definiert.

19. Das System gemäß Anspruch 18, worin der Para-
meter eine parametrische Neigung ist, definiert als
ein Verhältnis zwischen einer ersten Funktion, ab-
hängig von einer Lichtreaktion des  Mediums, die
einer Wellenlänge entspricht, und einer zweiten
Funktion, abhängig von der Lichtreaktion des Medi-
ums, die einer anderen Wellenlänge entspricht; die
eine und die andere Wellenlänge sind gewählt aus
den mindestens zwei verschiedenen Wellenlängen.

20. Das System gemäß einem beliebigen der Ansprü-
che 16 bis 19, worin die Sonde zwei im Wesentlichen
U-förmige Abschnitte einschließt, die ausgebildet
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sind, um dazwischen einen Abschnitt des Fleisch-
mediums des Patienten einzuschließen und zu hal-
ten.

21. Das System gemäß Anspruch 20, worin die Maße
der U-förmigen Abschnitte so sind, dass einer von
ihnen in den anderen auf einer vordefinierten Distanz
eindringen kann.

22. Das System gemäß Anspruch 20 oder 21, worin der
Druckbeaufschlagungsaufbau ein Luftkissen ein-
schließt, das an einer Innenseite mindestens eines
der U-förmigen Abschnitte montiert und mit einem
Treiber verbunden ist, der von der Steuereinheit be-
tätigt werden kann, um einen steuerbaren variablen
Druck auf den Abschnitt des Mediums auszuüben,
der zwischen den zwei U-förmigen Abschnitten ein-
geschlossen ist.

23. Das System gemäß Anspruch 20 oder 21, worin der
Druckbeaufschlagungsaufbau eine Manschette ein-
schließt, die betätigt werden kann, um die U-förmi-
gen Abschnitte zueinander hin zu bewegen und da-
durch den primären und den sekundären Druck auf
den Abschnitt des Mediums auszuüben, der dazwi-
schen eingeschlossen ist.

24. Das System gemäß einem beliebigen der Ansprü-
che 16 bis 23, worin die Messeinheit in einem über-
tragungsmodus betätigt werden kann.

25. Das System gemäß einem beliebigen der Ansprü-
che 16 bis 23, worin die Messeinheit in einem Re-
flektionsmodus betätigt werden kann.

Revendications

1. Procédé destiné à être utilisé dans des mesures op-
tiques non invasives d’au moins une caractéristique
souhaitée du sang d’un patient, le procédé compre-
nant:

(a) appliquer une tension extra-systolique pri-
maire à un milieu par un débit sanguin normale
afin d’obtenir une interruption du débit sanguin
temporaire à un emplacement de mesure dans
le milieu en créant ainsi une condition de ciné-
tique de sang artificielle à l’emplacement de me-
sure, et maintenir cette condition pour un certain
temps, la tension primaire étant appliqué au mi-
lieu à un emplacement soit en amont de l’em-
placement de mesure par rapport au sens nor-
mal d’écoulement du sang, soit à proximité de
l’emplacement de mesure ;
(b) appliquer une tension secondaire variant
d’une manière contrôlable au milieu sur un in-
tervalle de temps prédéterminé dans ledit cer-

tain temps pour ainsi altérer cette condition de
cinétique de sang artificielle à l’emplacement de
mesure afin de moduler des sensibilités à la lu-
mière du milieu en changeant les propriétés de
diffusion du sang tout en maintenant l’applica-
tion de la tension primaire et donc en maintenant
la condition de cinétique de sang artificielle, la
tension secondaire étant appliqué à un empla-
cement à proximité de l’emplacement de mesu-
re, soit en aval de l’emplacement de l’application
de tension primaire et variant de zéro aux va-
leurs de tension extra-systolique, soit essentiel-
lement au même emplacement tel l’emplace-
ment de l’application de la tension primaire, et
en variant en partant de ladite valeur de tension
extra-systolique primaire et atteignant des va-
leurs extra-systolique plus élevés, la tension se-
condaire ayant au moins une impulsion d’une
valeur prédéterminée ou un modèle cyclique
prédéterminé ; et
(c) appliquer des mesures optiques à l’empla-
cement de mesure pendant au moins une partie
dudit intervalle de temps prédéterminé, l’appli-
cation des mesures optiques comprenant
l’éclairage de l’emplacement de mesure par des
rayons de lumière incidents d’au moins deux
longueurs d’onde différentes dans une plage où
le propriété de diffusion du sang sont sensibles
au rayonnement lumineux, détecter les répon-
ses lumineuses du milieu, et générer des don-
nées mesurées indicatives des évolutions tem-
porelles des réponses lumineuses du milieu
pour lesdites au moins deux longueurs d’onde,
respectivement, sous la condition que la cinéti-
que du sang artificielle soit maintenue par la ten-
sion primaire et soit altérée par la tension se-
condaire.

2. Procédé selon la Revendication 1, comprenant:

analyser les données mesurées et déterminer
un paramètre dérivé des caractéristiques spec-
trales de diffusion du milieu comme une relation
entre les différentes évolutions de temps des
réponses lumineuses du milieu; et
utiliser le paramètre calculé et les données de
référence prédéterminées, sensibles de l’indivi-
dualité du patient et indicatives des caractéris-
tiques sanguines désirées comme une fonction
du paramètre dérivée des caractéristiques
spectrales de diffusion du milieu, et déterminer
une valeur de la caractéristique sanguine sou-
haitée.

3. Procédé selon la revendication 2, dans lequel lesdi-
tes données de référence sont une courbe de cali-
bration définissant une dépendance du paramètre
sur la caractéristique sanguine souhaitée.
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4. Procédé selon la revendication 2, dans lequel ledit
paramètre est une inclinaison paramétrique définie
comme la relation entre une première fonction dé-
pendant de la réponse lumineuse du milieu corres-
pondant à une longueur d’onde et une deuxième
fonction dépendant de la réponse lumineuse du mi-
lieu correspondant à une autre longueur d’onde, les-
dites une longueur d’onde et autre longueur d’onde
étant sélectionnées desdites au moins deus lon-
gueurs d’ondes différentes.

5. Procédé selon la revendication 4, dans lequel lesdi-
tes première et deuxième fonction sont des fonctions
logarithmiques de la réponse lumineuse correspon-
dant auxdites au moins deux longueurs d’onde dif-
férentes, respectivement.

6. Procédé selon la Revendication 4, dans lequel les-
dites première et deuxième fonctions sont un taux
de temps des changements du signal de réponse
lumineuse.

7. Procédé selon l’une quelconques des Revendica-
tions précédentes, dans lequel ledit certain intervalle
de temps est insuffisant pour des changements ir-
réversibles dans le milieu charnel.

8. Procédé selon l’une quelconque des Revendications
1 à 7, dans lequel ledit modèle cyclique prédéterminé
est sous forme d’impulsions de tension secondaire
ayant des amplitudes dans la plage de valeurs de
zéro à la tension extra-systolique plus élevés que
ladite tension extra-systolique primaire.

9. Procédé selon l’une quelconque des Revendications
1 à 7, dans lequel ledit modèle cyclique prédéterminé
est sous forme d’impulsions de tension secondaire
ayant des amplitudes dans la plage à partir de ladite
valeur de tension extra-systolique primaire.

10. Procédé selon l’une quelconque des Revendications
précédentes, dans lequel lesdites au moins deux
longueurs d’onde différentes sont dans la plage rou-
ge PIR.

11. Procédé selon l’une quelconque des Revendications
précédentes, dans lequel ladite au moins une carac-
téristique sanguine du patient est sélectionnée parmi
les suivants :

concentration d’une substance dans le sang
d’un patient, saturation de l’oxygène, Valeur de
Sédimentation d’Erythrocyte (VSE) et Valeur
d’Agrégation d’Erythrocyte (EAR).

12. Procédé selon la Revendication 11, dans lequel la-
dite substance est sélectionnée parmi glucose et hé-
moglobine.

13. Procédé pour contrôler le fonctionnement d’un sys-
tème de mesure optique incluant une unité de me-
sure optique, des moyens de pressurisation et une
unité de contrôle et visant à une détermination non-
invasive des caractéristiques sanguines d’un pa-
tient, le procédé comprenant:

opérer les moyens de pressurisation pour appli-
quer une tension extra-systolique primaire à un
certain emplacement sur un milieu charnel per-
fusé sanguin d’un patient en amont de l’empla-
cement de mesure relativement à une direction
normale d’écoulement du sang dans le milieu
ou à proximité d’un emplacement de mesure et
maintenir ladite tension primaire pour une cer-
taine période de temps afin d’atteindre et main-
tenir une condition de cessation temporaire
d’écoulement de sang à l’emplacement de me-
sure dans le milieu;
opérer les moyens de pressurisation pour appli-
quer une perturbation au milieu en appliquant
une tension secondaire variant d’une manière
contrôlable pour un intervalle de temps prédé-
terminé de ladite certaine période de temps, de
sorte à altérer ladite condition de cessation tem-
poraire d’écoulement du sang à l’emplacement
de mesure pour un intervalle de temps prédé-
terminé et moduler ainsi les propriétés de diffu-
sion du sang, la tension secondaire étant appli-
quée à un emplacement à proximité de l’empla-
cement de mesure soit en aval de l’emplace-
ment de l’application de la tension primaire et
variant de zéro aux valeurs de tension extra-
systolique, soit essentiellement au même em-
placement comme l’emplacement de l’applica-
tion de la tension primaire et varier en partant
de ladite valeur de tension primaire extra-systo-
lique et atteindre des valeurs extra-systoliques
plus élevés, la tension secondaire ayant au
moins une impulsion d’une valeur prédéterminé
ou ayant un modèle cyclique prédéterminé ; et
opérer l’unité de mesure optique pour appliquer
des mesures optiques à l’emplacement de me-
sure sur au moins une partie dudit intervalle de
temps prédéterminé lorsque l’emplacement de
mesure est maintenu à la condition de cessation
temporaire d’écoulement du sang par la tension
primaire et ladite condition de cessation tempo-
raire d’écoulement du sang est altérée par la
tension secondaire, ladite application des me-
sures optiques comprenant éclairer l’emplace-
ment de mesure par des rayons de lumière in-
cidents  d’au moins deux longueurs d’onde dif-
férentes dans une plage où les caractéristiques
de diffusion du sang sont sensibles au rayonne-
ment lumineux, détecter les réponses lumineu-
ses du milieu, et générer des données de me-
sure indicatives des évolutions temporelles des

31 32 



EP 1 628 564 B1

18

5

10

15

20

25

30

35

40

45

50

55

réponses lumineuses du milieu pour lesdites au
moins deux longueurs d’onde différentes, res-
pectivement.

14. Procédé selon la Revendication 13, dans lequel ledit
modèle cyclique prédéterminé est sous forme d’im-
pulsions de tension secondaire ayant des ampleurs
dans la plage de valeurs de zéro à la tension extra-
systolique plus élevés que ladite tension extra-sys-
tolique primaire.

15. Procédé selon la Revendication 13, dans lequel ledit
modèle cyclique prédéterminé est sous forme d’im-
pulsions de tension secondaire ayant des ampleurs
dans la plage à partir de ladite valeur de tension ex-
tra-systolique primaire.

16. Système optique pour l’utilisation dans la détermi-
nation optique non-invasive d’au moins une carac-
téristique du sang d’un patient, le système compre-
nant:

(A) une sonde incluant : (i) une unité de mesure
optique opérable pour éclairer un emplacement
de mesure sur un milieu charnel perfusé de sang
d’un patient par des longueurs d’onde différen-
tes de lumière incidente, détecter les réponses
lumineuses du milieu, et générer les données
mesurées indicatives des évolutions temporel-
les des réponses lumineuses du milieu corres-
pondant aux longueurs d’onde différentes de la
lumière incidente, respectivement; et (ii) un en-
semble de pressurisation opérable pour appli-
quer tension au milieu charnel du patient;
(B) une unité de contrôle connectable à ladite
unité de mesure et audit ensemble de pressuri-
sation et comprenant : (a) une mémoire pour
stocker des données de référence sensibles de
l’individualité du patient et indicatives des carac-
téristiques sanguines souhaitées comme une
fonction d’un paramètre dérivé des caractéristi-
ques spectrales de diffusion du milieu, et (b) un
accessoire d’acquisition et de traitement de don-
nées couplé à une sortie de l’unité de mesure
pour recevoir et analyser les données mesurées
pour utiliser les données de référence et déter-
miner ladite au moins une caractéristique san-
guine souhaitée, dans laquelle l’unité de contrô-
le est configurée pour effectuer ce qui suit :

opérer l’ensemble de pressurisation pour
appliquer et maintenir pour une certaine pé-
riode de temps une tension extra-systolique
primaire à un certain emplacement sur le
milieu étant en amont de l’emplacement de
mesure relativement à une direction norma-
le d’écoulement du sang dans le milieu ou
étant à proximité de l’emplacement de me-

sure pour créer et maintenir une condition
de cessation temporaire d’écoulement du
sang dans le milieu  à l’emplacement de me-
sure correspondant à une condition de ci-
nétique de sang artificielle dans le milieu à
l’emplacement de mesure ;
opérer l’ensemble de pressurisation pour
appliquer une perturbation au milieu en ap-
pliquant tension secondaire variant d’une
manière contrôlable au milieu charnel à
proximité de l’emplacement de mesure à un
intervalle de temps prédéterminé dans ledit
certain intervalle de temps lorsque la ten-
sion extra-systolique primaire est mainte-
nue, de sorte à altérer ladite condition de
cinétique de sang artificielle après ledit in-
tervalle de temps prédéterminé modulant
les propriétés de diffusion du sang, la ten-
sion secondaire ayant au moins une impul-
sion d’une valeur prédéterminée ou ayant
un modèle cyclique prédéterminée de sorte
que la tension secondaire est soit variée de
zéro aux valeurs de tension extra-systoli-
que, soit est variée de ladite valeur extra-
systolique primaire à des valeurs extra-sys-
tolique plus élevées ; et
opérer l’unité de mesure optique pour ap-
pliquer les mesures optiques sur au moins
une partie dudit intervalle de temps prédé-
terminé alors que la condition de la cinéti-
que de sang artificielle est altérée.

17. Système selon la Revendication 16, dans lequel ledit
ensemble de pressurisation inclut :

un brassard d’occlusion primaire pour appliquer
ladite tension extra-systolique primaire au char-
nel à un premier emplacement en amont de
l’emplacement de mesure relativement au sens
d’écoulement sanguin normal,
un brassard d’occlusion secondaire pour appli-
quer la tension secondaire au milieu charnel à
un deuxième emplacement, ladite tension se-
condaire étant variable d’une manière contrôla-
ble jusqu’aux valeurs de tension extra-systoli-
ques, et
un ensemble d’éléments de commande de ten-
sion actionné par l’unité de contrôle pour opérer
les brassards d’occlusion primaire et secondai-
re.

18. Système selon la Revendication 16 ou 17, dans le-
quel lesdites données de référence sont une courbe
de calibration définissant une dépendance du para-
mètre de la caractéristique de sang souhaitée.

19. Système selon la Revendication 18, dans lequel ledit
paramètre est une inclinaison paramétrique définie
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comme la relation entre une première fonction dé-
pendant de la réponse lumineuse du support corres-
pondant à une longueur d’onde et une deuxième
fonction dépendant de la réponse lumineuse du sup-
port correspondant à une autre longueur d’onde, les-
dites une et autre longueur d’onde sont sélection-
nées parmi lesdites au moins deux longueurs d’onde
différentes.

20. Système selon l’une quelconque des Revendica-
tions 16 à 19, dans lequel ladite sonde inclut deux
portions essentiellement à U pour contenir et retenir
entre elles une portion du milieu configurées charnel
du patient.

21. Système selon la Revendication 20, dans lequel les
dimensions des portions à U sont telles que une d’en-
tre elles peut entrer dans l’autre d’une distance pré-
déterminée.

22. Système selon la Revendication 20 ou 21, dans le-
quel l’ensemble de pressurisation inclut un coussin
d’air monté sur un côté intérieur de l’au moins une
des portions à U et connecté à un élément de com-
mande opérable par l’unité de contrôle pour appli-
quer une tension variable contrôlable à la portion du
milieu contenue entre les deux portions à U.

23. Système selon la Revendication 20 ou 21, dans le-
quel l’ensemble de pressurisation inclut un brassard
opérable pour muer les portions à U l’une vers l’autre,
et appliquer ainsi la tension primaire et secondaire
à la portion du milieu contenue entre elles.

24. Système selon l’une quelconque des Revendica-
tions 16 à 23, dans lequel l’unité de mesure est opé-
rable en modalité de transmission.

25. Système selon l’une quelconque des Revendica-
tions 16 à 23, dans lequel unité de mesure est opé-
rable en modalité de réflexion.
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