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during measurements. The light response of the medium
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sponding light response of the medium for deriving there-
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Description
FIELD OF THE INVENTION

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

BACKGROUND OF THE INVENTION

[0002] Non-invasive techniques for measuring various
blood parameters, such as blood oxygen saturation and
the concentration of substances contained in the blood
(hemoglobin, glucose and other substances) have be-
come 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 typically uti-
lize the detection of light transmitted or reflected from the
location on the patient’'s body under measurement, and
are based on spectrophotometric measurements ena-
bling the indication of the presence of various blood con-
stituents based on known spectral behaviors of these
constituents. Most of these techniques utilize a meas-
urement optical device or probe, designed in a manner
to be attached to the patient’s finger, which includes an
optical assembly for irradiating the finger with light and
detecting its light response.

[0003] US Patent No. 5,810,723 discloses an appara-
tus for the non-invasive monitoring of a patient’s carbox-
yhemoglobin level. The patient breathes oxygen to sat-
urate his blood hemoglobin prior to detection. The appa-
ratus utilizes a clamp with arms holding the patient’s fin-
ger: one arm supports a light emitting source and the
other supports a detector. A microprocessor controls the
measurements and processes the detected signals.
[0004] US Patent 5,638,816 and its continuation, US
Patent 5,860,919, disclose an apparatus for the non-in-
vasive monitoring of blood parameters by applying pres-
sure to the patient’s finger, thus inducing an active pulse
therein. The induced change of blood volume enables a
better signal-to-noise ratio to be obtained.

[0005] US 5,782,757 discloses a measuring devices
in the form of disposable, folded adhesive sensors with
optics embedded therein. The probe is designed so as
to fit comfortably onto a patient’s fingertip.

[0006] All the conventional devices of the kind speci-
fied are aimed at measuring enhanced optical pulsatile
signals caused by the changes in the volume of the blood
containing medium (finger). It is known that a regular op-
tical pulsatile signal is typically 2-3% of the total trans-
mission. The above devices are capable of obtaining the
enhanced pulsatile signal that reach 8-10% of the total
lighttransmission intensity. This enhancement of the nat-
ural pulsatile signal is aboundary of all conventional tech-
nigues of the kind specified.

[0007] A different technique is disclosed in a PCT ap-
plication, International Publication No. WO 99/65384, as-
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signed to the assignee of the present application. This is
an occlusion based technique, where the measured sig-
nals are not pulsatile. According to this technique, the
state of blood cessation is created in a medium under
measurement, and measurements are taken during this
state. This enables to obtain a significantly enhanced
light response of the medium, as compared to that of the
previously described techniques dealing with the pulsa-
tile signals. To create such a state of blood cessation,
over-systolic pressure needs to be applied to the patient’s
finger at a location upstream of the area under measure-
ment, with respect to the direction of normal blood flow.
Once the blood flow cessation state is established, the
optical characteristics start to change 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 %. At least two timely separated measure-
ment sessions are performed, each including at least two
measurements with different wavelengths of incident ra-
diation. None of the conventional probes is suitable for
these purposes. A probe in the form of a finger holder,
suitable for applying over systolic pressure to a first lo-
cation on the patient’s finger and applying optical meas-
urements to a second location downstream of the first
location, is disclosed in a co-pending US application Se-
rial No. 09/407390, assigned to the assignee of the
present application.

SUMMARY OF THE INVENTION

[0008] There is a need in the art to further improve
non-invasive measurements of blood parameters, by
providing a novel probe device to be used in non-invasive
optical measurements enabling the application of a var-
iable controlled pressure to the patient’s organ (e.g., his
finger) in the vicinity of a measurement location.

[0009] It is a major object of the present invention to
provide such a device that optimizes the finger tissue and
blood volume, thereby providing conditions for measure-
ments with maximum accuracy.

[0010] It was found by the inventors that the accuracy
of the measured signal can be improved even more by
applying certain under-systolic pressure (0-250mmHg)
to aregion in the vicinity of a measurement location. This
pressure, required for significantly improving the accu-
racy of measurements, may be different for different pa-
tients, depending inter alia on the internal blood pressure
of the specific patient, and individual peculiarity of the
finger size, shape and physiological conditions. This op-
timal pressure value depends also on the rigidity of the
construction of probe device itself. Therefore means
should be provided enabling to controllably vary the mag-
nitude of the applied pressure.

[0011] Generally speaking, the present invention pro-
vides an active sensing means that enables to select an
optimal pressure for a specific patient, such that the ap-
plication of this pressure provides an optimal optical
measurement signal for deriving therefrom the correct
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value of the parameter to be measured. In other words,
the present invention enables to adjust the conditions of
a measurement location on the patient’s organ to the
optimal signal determination.

[0012] Thus, according to one broad aspect of the
present invention, there is provided a method of non-in-
vasive optical measurement of at least one parameter of
the patient’s blood, the method comprising the steps of:

(a) applying a probe device to the patient’s blood
perfused fleshy medium, wherein the probe device
carries an optical measurement unit and a pressu-
rizing assembly operable to apply controllably vary-
ing substantially under-systolic pressure to a meas-
urement location on said medium;

(b) performing several measurement sessions to a
measurement location on said medium to detect light
response of the medium and generate measured da-
ta indicative thereof, and simultaneously varying the
pressure applied to the vicinity of said measurement
location, wherein each measurement session utiliz-
es at least two different wavelength of incident light;
(c) analyzing the light response of the medium cor-
responding to different wavelengths of the incident
light and different pressure values, and determining
an optimal pressure value, so as to utilize the corre-
sponding light response of the medium for deriving
therefrom said at least one blood parameter.

[0013] Preferably, the method according to the inven-
tion also comprises the application of over-systolic pres-
sure to a location upstream of the measurement location,
with respect to the direction of normal blood flow in the
medium, so as to create the state of blood flow cessation.
In this case, the measurements are taken during this
state. Several time-separated measurement sessions
can be performed either during the single blood-cessa-
tion state, or during the sequential blood cessation state.
The latter operational mode is actually the so-called "mul-
tiple-occlusion", obtained by sequentially applying and
releasing the over-systolic pressure.

[0014] Parameters that can be measured include ox-
ygen saturation and the concentration of substance in
blood, such as hemoglobin, glucose, etc. The present
invention may utilize a calibration stage, during which
various patients undergo measurements, and calibration
curves corresponding to different blood parameters as
functions of the applied under-systolic pressure are plot-
ted.

[0015] The wavelengths of incident light are selected
in accordance with the parameter to be measured. Pref-
erably, several different wavelengths are sequentially ap-
plied, so as to obtain data from which different blood pa-
rameters can be derived within the same measurement
session.

[0016] The probe device according to the invention uti-
lizes a finger holder carrying a measurement unit and a
pressurizing assembly, all operated by a control system.
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The measurement unit typically comprises illumination
and detection systems, arranged so as to detect reflected
ortransmitted light, as the case may be. The pressurizing
assembly is designed so as to apply variable controlled
pressure to the tissue in the vicinity of the measurement
location.

[0017] Generally, the probe device may be associated
with any other suitable patient’s organ, such as his hand
or wrist. If the patient’s hand is considered, the rigid con-
nector engages the patient’s arm to prevent its folding at
the elbow joint. It is more practical, however, to apply the
device to the patient’s finger.

[0018] The finger holderisin the form of a clip securing
the fingertip between its legs and carrying the measure-
ment unit. The clip may be formed with one pair or two
pairs of legs. The four-leg design advantageously ena-
bles to provide four-sided support for the finger, thereby
preventing its folding at the distal phalanx. A pair of ma-
nipulating arms is used for opening and closing the clip
when putting the device in operation. In the case of the
two-legged design, the extensions of the legs serve as
the manipulating arms. In the case of the four-legged
design, the manipulating arms are coupled to the legs
through any suitable mechanism, enabling the simulta-
neous pivotal movement of all the legs.

[0019] The pressurizing assembly is of a pneumatic
type. According to one embodiment of the invention, the
pressurizing assembly comprises a bellow-like cushion,
which is interconnected between the manipulating arms
by its opposite ends and is coupled to the drive operated
by the control system. The expansion and squeezing of
the sleeve thus operates the pivotal movement of the
manipulating arms, thereby weakening or enhancing the
clamping effect of the clip legs. According to another em-
bodiment of the invention, the pressurizing assembly
comprises a balloon-like flat cushion attached to the inner
side of the clip between its upper leg and a flexible cush-
ion-like member contacting the patient’s finger, so as to
press on the finger portion below the clip. In this case a
locking device is provided to prevent the opening of the
clip. According to yet another embodiment of the inven-
tion, the pressurizing assembly comprises a ring-like
cushion attached to the inner side of the clip so as to
wrap the finger, when putting the device into operation.
The control system operates the expansion and squeez-
ing of the cushion.

- There is thus provided according to another aspect
of the invention, a probe device to be used in non-in-
vasive optical measurements of a patient’s blood pa-
rameters, the probe device comprising a finger hold-
er having a clip member that secures a fingertip be-
tween its clamping legs, wherein the finger holder
supports a measuring unit for applying optical meas-
urements to a measurement location on the finger,
and carries a pressurizing assembly operable for ap-
plying controllably variable, substantially un-
der-systolic pressure to the finger in the vicinity of
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said measurement location.

[0020] The probe device may be used with a pulse
oxymeter, wherein the application of the controllably var-
ied under-systolic pressure enables to derive more infor-
mation from measured signals. This information contains
the maximal amplitude of a pulsatile signal and/or AC/DC
ratio.

[0021] Thus, according to yet another aspect of the
presentinvention, there is provided a pulse-oxymeter uti-
lizing the above probe device and a control system that
operates the pressurizing assembly and the measure-
ment unit and generates data indicative of the measured
parameters.

[0022] Preferably, the probe device also comprises an
additional pressurizing assembly, which may also be of
apneumatic type, and operated by the same drive means
as the above-described pressurizing assembly. The ad-
ditional pressurizing assembly is aimed at applying
over-systolic pressure, so as to cause the state of blood
flow cessation and enable the occlusion-based meas-
urements. The over-systolic pressure is applied to a lo-
cation upstream of the measurement location, with re-
spect to a normal blood flow direction.

[0023] Preferably, the additional pressurizing assem-
bly is coupled to the clip through a substantially rigid con-
nector engaging the finger along its middle phalanx and
proximal intephalangeal joint. This is associated with the
fact that occlusion-based measurements are non-volu-
metric, and the changes in volume of blood in the finger
portion undergoing measurement are undesirable for
such measurements. However, it is a natural tendency
of the finger under pressure (over-systolic pressure) to
fold at the proximal intephalangeal joint, thereby causing
undesirable changes in blood volume. By providing a
substantially rigid support for the finger at the region of
the middle phalanx during measurement, such undesir-
able folding can be avoided.

[0024] The present invention also provides an optical
measurement device for the non-invasive measurement
of patient’s blood parameters, the device comprising:

- a finger holder for attaching to the patient’s finger,
wherein the finger holder is in the form of a clip mem-
ber, which secures a fingertip between its clamping
legs and supports a measuring unit in a manner al-
lowing to apply optical measurements to a measure-
ment location on the finger;

- afirst pressurizing assembly operable for applying
over-systolic pressure to a location on the patient’s
finger upstream of said measurement location with
respect to a normal blood flow direction, so as to
create a state of blood flow cessation at said meas-
urements location;

- asecond pressurizing assembly associated with the
finger holder and operable for applying desired pres-
sure to the finger in the vicinity of said measurement
location; and
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- a control system selectively operating the first and
second pressurizing assembly, and selectively op-
erating the measuring unit, the control system having
a processor that received data indicative of meas-
ured signals coming from the measuring unit and
analyzes said data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] 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 is a schematic illustration of a probe device
according to one embodiment of the invention;

Fig. 2 is a schematic illustration of a probe device
according to another embodiment of the invention;
Fig. 3 is a schematic illustration of a probe device
according to yet another embodiment of the inven-
tion

Figs. 4a to 4d graphically illustrate experimental re-
sults obtained with different operational modes of
the probe device according to the invention.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0026] Referring to Fig. 1, there is illustrated a probe
device, generally designated 10, applied to a patient’s
finger F for performing the non-invasive measurement of
the patient’s blood parameters, such as oxygen satura-
tion, blood pressure or the concentration of various sub-
stances, such as hemoglobin, glucose, cholesterol and
other analyte concentrations. The probe 10 is in the form
of a finger holder 12 mounted on the patient’s finger F,
and is coupled to a control system 14.

[0027] Thefingerholder 12isin the form of a clip mem-
ber 16 having clamping legs - two legs 16A and 16B in
the present example, pivotal about an axis 17, for secur-
ing the patient’s finger F therebetween. A pair of manip-
ulating arms 18A and 18B operates the pivotal move-
ment of the clamping legs to attach the device to the
patient’s finger. The clip member 16 carries a measuring
unit 20 mounted on its inner side so as to apply optical
measurements to a measurement location L4 on the pa-
tient’s finger. Further provided in the probe device 10 is
a pressurizing assembly 24 associated with the finger
holder 12. In the present example, the probe device 10
is used for occlusion-based measurements. To this end,
an additional pressurizing assembly 22 is provided for
applying over-systolic pressure to the blood perfuzed
fleshy medium therebelow. When dealing with
pulse-oxymetry based measurements, the provision of
the pressurizing assembly 22 could be omitted.

[0028] The pressurizing assembly (first assembly) 22
is composed of an air cushion cuff 25 in the form of a ring
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wrapping the patient’s finger F and a pneumatic drive 26
coupled to the cuff 25 through a pipe 27. The ring wraps
the finger F atalocation L, upstream of the measurement
location L4 with respect to the direction of the normal
blood flow. The pressurizing assembly 22, when actuat-
ed, operates to apply over-systolic pressure, e.g.,
220-300mmHg (generally, adjustable for each specific
patient), at the location L,, thereby causing the state of
blood-flow cessation at the measurement location L.
The cuff 25 is coupled to the clip member 16 by a sub-
stantially rigid connector 28. The rigid plate-like connec-
tor 28 engages the finger along its middle phalanx, pre-
venting its folding at the proximal intephalangeal joint,
thereby avoiding undesirable changes in blood volume.
The connector 28 is shaped like a plate, and is designed
in a manner to enable reciprocating sliding movement of
the cuff 25 relative to the clip 16 along the axis of the
connector 28. This enables to adjust the length of the
entire finger holder 12 to that of the finger of a specific
patient. For example, although not specifically shown,
the plate-like connector could be formed with an elongat-
ed slot, while the cuff-ring be formed with a projection
installed in this slot for reciprocating sliding movement
along its axis.

[0029] Inthe present example of Fig. 1, the other (sec-
ond) pressurizing assembly 24 is composed of a bel-
low-like air cushion 29 coupled to its pneumatic drive 30
through apipe 31. By appropriately expanding or squeez-
ing the cushion 29, the clamping affect of the legs is ad-
justed so as to apply a desired pressure onto the patient’s
finger in the vicinity of the measurement location L. It
should, however, be noted that a common pneumatic
drive could operate both the cushions 25 and 29.
[0030] As further shown in Fig. 1, a pair of flexible,
thermoconductive pads 32 (or pads with built-in heaters),
made for example of rubber or silicone, is provided at the
inner surfaces of the legs 16A and 16B. The pads 32 are
coupled to a power source (not shown) operated by a
corresponding utility of the control system 14 for applying
appropriate, substantially low voltages (e.g., in the range
1V-24V) to the pads 32, enabling heating the finger por-
tion at the measurement location up to 36-38°. The heat-
ing ability of the device increases the accuracy of the
non-invasively derived blood-related parameters. The
substantially low voltage supply required for heating is,
on the one hand, acceptable for medical devices, and,
on the other hand, allows for using batteries, thereby ren-
dering the entire device conveniently portable.

[0031] The measuring unit 20 does not form part of the
present invention, and therefore need not be specifically
illustrated and described, except to note that it comprises
such main constructional parts as illumination and de-
tection assemblies, generally at 34, and generates data
indicative of the light response of the finger. Generally,
the illumination and detection assemblies could be ac-
commodated either at one side of the finger when oper-
ating in a reflection mode, or at opposite sides of the
finger when operating in a transmission mode. These
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reflected or transmitted signals present light response of
the finger to incident radiation. According to the occlu-
sion-based technique disclosed in the above-indicated
PCT application, the measuring unit provides illumination
of the finger with at least two different wavelengths, and
detects light transmitted therethrough.

[0032] Preferably, the illumination unit comprises a
plurality of light sources (e.g., LEDs) for illuminating the
measurement location with a plurality of different wave-
lengths in the near infrared spectra. This enables the
simultaneous determination of different blood parame-
ters. The wavelengths are selected in accordance with
the parameter to be determined. For example, if the he-
moglobin concentration is to be determined, the selected
wavelengths are in the ranges, where the absorption
properties of the hemoglobin and plasma are more sharp-
ly expressed, namely are in the ranges 600-1000nm and
1100-1400nm. If the oxygen saturation is to be deter-
mined, the selected wavelengths lie in the range where
the difference in the absorption of hemoglobin (Hb) and
oxyhemoglobin (HbO,) are more sharply expressed,
namely are in the ranges 600-780nm (where the differ-
ence in the sensitivity of HbO, and Hb is maximal) and
820-980nm (reference range). When dealing with the glu-
cose concentration, the spectral ranges of 1500-1600nm
may be added to the above-mentioned range of
600-1300nm for selecting the operational wavelengths.
[0033] The generated data indicative of the detected
light (light response of the illuminated medium) is trans-
mitted to the control system 14 for processing and ana-
lyzing. To this end, the control system 14 includes a proc-
essor 36 operated by suitable software for analyzing the
detected signals and determining the desired parameter
of the patient’s blood, as will be described more specifi-
cally further below with reference to Figs. 4a-4d.
[0034] Thus, each of the drives 26 and 30 of the first
and second pressurizing assemblies 22 and 24, respec-
tively, whilst being actuated by a corresponding utility of
the control system 14, operates to apply required pres-
sure to the finger portion atlocations L, and L4. The pres-
surizing assembly 24 is first actuated, and when a certain
under-systolic pressure is applied to the vicinity of the
measurementlocation L4, the control system 14 actuates
the pressurizing assembly 22 to apply the over-systolic
pressure to the location L,. When the blood flow cessa-
tion state is created, the control system 14 operates the
measurement unit 20 to illuminate the measurement lo-
cation with different wavelengths and detect the light re-
sponse. The application of over-systolic pressure (loca-
tion L,) is maintained for a period of time, so as not to
cause irreversible changes in the finger, and then, the
control system operates the drive 26 to release this pres-
sure. The pressurizing assembly 24 applies a different
value of the under-systolic pressure, the pressurizing as-
sembly 22 is operated to perform a further occlusion-re-
lease session. During each such occlusion-release ses-
sion, the light response of the measurement location as
a function of time is determined. The effective measure-
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ments, i.e., the results that have to be analyzed, are those
taken at the state of blood flow cessation.

[0035] The operational mode of the device 10 may be
such that the control system 14 actuates the measuring
unit 20 for performing continuous measurements starting
prior to the application of over-systolic pressure. In this
case, only those signals, which are associated with the
state of blood cessation, are taken into consideration.
Measurements taken during the time period prior to the
establishment of this state should be disregarded, due
to the unavoidable influence of motional and/or other ar-
tifacts causing non-monotonic fluctuations of the light
transmission. According to an alternative operational
mode of the device 10, the control system 14 actuates
the measuring unit 20 a small period of time after the
application of the over-systolic pressure. During the time
period corresponding to the existence of the state of
blood cessation, relative light transmission of blood is
observed, which reaches its maximum and may last gen-
erally from one second to several minutes.

[0036] To obtain meaningful results, either at least two
timely separated measurement sessions should be con-
sidered, at least one of them being that taken during the
state of blood cessation, or a single long continuous
measurement session should be considered starting af-
ter the establishment of the state of blood cessation. Dur-
ing the first measurement session, the control system 14
operates to maintain the cuff 25 and the cushion 29 in
their squeezed position, and operates the heating ele-
ment 32 to heat the finger in the vicinity of the measure-
ment location. The control system 14 then operates the
pneumatic drives 26 and 30 to release the pressure. The
squeezing action of the cuff 25 is ceased, and after a
short delay preset by the respective software in the con-
trol unit, the blood flow sharply increases until it reaches
new steady state. Then, the control system 14 actuates
the second measurement session at a state of the tran-
sitional blood flow. The illumination assembly continues
to illuminate the finger, but squeezing is halted. The de-
tection assembly, being synchronized by the control sys-
tem 14, detects the light response of the finger. In other
words, the control system 14 selectively operates the
measuring unit 20 and the pressurizing assemblies 22
and 24, and analyzes data coming from the measuring
unit, as will be described further below.

[0037] Referenceis made to Fig. 2, illustrating a probe
device 100 according to another embodiment of the in-
vention. To facilitate understanding, the same reference
numbers are used for identifying those components
which are commonin the devices 10 and 100. The device
100 is constructed generally similar to the device 10, but
has a somewhat different design of a finger holder 112.
Here, a pressurizing assembly 124 utilizes a cuff-like
cushion 129 coupled to a pneumatic drive 30 through a
pipe 31. In other words, the second pressurizing assem-
bly 124 is constructed generally similar to the first as-
sembly 22, but is associated with the measurement lo-
cation L4 for applying under-systolic pressures thereto.
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The heating element 32 may be attached to the surface
of the cushion 129 contacting the finger skin. The oper-
ation of the device 100 is similar to that of the device 10.
It should, however, be noted, that the pressurizing as-
sembly 124 can be used in combination with the assem-
bly 24 (Fig. 1), rather than replacing it.

[0038] Fig. 3 illustrates a probe device 200 having a
somewhat different design as compared to the previously
described examples. Here, a pressurizing assembly 224,
that applies under-systolic pressures to the measure-
ment location L4, includes a balloon-like flat cushion 229,
which is accommodated either between the flexible pad
32 andtheinner surface of the clamping leg 16B, orinside
the pad 32, and is coupled to the drive 30 through the
pipe 31. To prevent the opening of the clip member, when
in the expanded position of the cushion 229, a lock mech-
anism 230 is appropriately provided.

[0039] It should be noted, although not specifically
shown, that the clip member may have a four-legged de-
sign, in which case one pair of legs engages the finger
at its top and bottom thereof, and the other pair of legs
engages the opposite sides of the finger. Such four-sided
support of the fingertip prevents its folding at the distal
phalanx, thereby avoiding undesirable blood volume
changes.

[0040] It should also be noted that the rigid connector
28 may be located at either side of the patient’s finger.
Alternatively, a pair of such connectors can be used lo-
cated at opposite sides of the finger. Additionally, the
processor may be accommodated within the cuff 25, and
wires, if any, connecting the processor to the output cir-
cuit of the measuring unit 20, may pass through the rigid
connector.

[0041] Turning now to Figs. 4a-4d, the advantageous
features of the present invention are graphically illustrat-
ed. Figs. 4a and 4b illustrate, respectively, graphs G,
and G, presenting experimental results obtained with two
different modes of the probe device 10, namely, when
the pressurizing assembly 24 is in its active (operational)
and passive (non-operational) modes. Each of the
graphs G, and G, corresponds to the concentration of
hemoglobin derived from measurement data obtained
with the measurement unit 20 as the function of the he-
moglobin concentration obtained with one of the conven-
tional techniques (invasive). To plot each of the graphs,
ten measurement points were used. The results show
that with the active mode of the pressurizing assembly,
when a desired, optimal under-systolic pressure is ap-
plied to the measurement location, the measured corre-
lation between the concentration values obtained with
different techniques is about 0.91, and the standard de-
viation is 0.9. While with the passive mode of the pres-
surizing assembly, these parameters are, respectively,
0.79 and 1.3.

[0042] Figs. 4c and 4d illustrate examples of the tech-
nique of the presentinvention enabling the determination
of the desired, optimal pressure to be applied by the pres-
surizing assembly 24 to a specific patient. Fig. 4c illus-
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trates four graphs Hy, Hy, H; and Hy. Graphs Hy and H,
correspond to the parametric slopes as functions of the
pressure applied by the assembly 24, wherein the para-
metric slopes were obtained for two different pairs of
wavelengths: (1) A4=660 and A,=940nm, and (2)
A4=1300 and A,=940nm, respectively.

[0043] The slope-based technique of determining the
blood substance concentration is disclosed in the
above-indicated PCT application assigned to the assign-
ee of the present application. A parametric slope is de-
termined as the transmission logarithm at the wavelength
Ay, i.e., Log(A,), versus the transmission logarithm at the
wavelength A4, i.e., Log(A¢), over a certain time interval
(e.g., long occlusion) or at timely separated occlusion
stages (i.e., multiple occlusion-release sessions). It
should be understood that the slope-based technique
may be applied with the pulse-oxymetry as well. In this
case such a slope correspond to AC/DC ratio that ena-
bles the determination of blood-related parameters. In
other words, the parametric slope is a linear function of
Log(A,) versus Log(A4), whose slope can be determined,
for example, by a known linear regression algorithm.
[0044] GraphsHs;andH, correspond to the slope-error
(i.e., standard deviation) as the function of pressure, for
the above parametric slopes, respectively. To determine
the slope-error, several measurement sessions were tak-
en with the same pairs of wavelengths, corresponding
parametric slopes were calculated, and standard devia-
tion values were determined. As clearly seenin the figure,
the maximum value (0.55) of the slope in graph H, which
represents certain results criteria for the determination
of the oxygen saturation, corresponds to the minimum
value (0.04) of the respective slope-error in graph Hy at
the pressure value of about 100mmHg. Similarly, the min-
imum value (0.35) of the slope in graph H,, which repre-
sents another results criteria, corresponds to the mini-
mum value (0.04) of the respective slope-error in graph
H, at the pressure value of about 100mmHg. Thus, this
pressure is the optimal pressure for this specific patient,
and should be applied to the vicinity of the measurement
location on his finger during the optical measurements
[0045] Fig.4dillustrates the amplitude of the measured
signal as the function of the applied pressure. As shown,
at a certain pressure value (about 120mmHg), the am-
plitude reaches its maximal value.

[0046] Hence, the experimental results show that op-
tical parameters of the patient’s blood, such as slope and
amplitude of the light response, changes with the pres-
sure variations. This enables to select the optimal pres-
sure value (or range) to increase the accuracy of meas-
urements, and obtain better results. Generally speaking,
the determination of the optimal pressure value is based
on a certain optical criteria, such as minimum of the
standard deviation, maximum amplitude of the measured
optical signal, AC/DC ratio, parametric slope, etc. It
should be understood that the pressure values in the
above examples are relevant only for the specific design
of the probe used in the experiments, and may be differ-
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ent for different patients and different probe configura-
tions. Asindicated above, the rigidity of the constructional
elements of the probe also affects the optimal pressure
value to be used for optimizing the measurement results.
[0047] Those skilled in the art will readily appreciate
that various modifications and changes can be applied
to the preferred embodiments of the invention as here-
inbefore exemplified without departing from its scope de-
fined in and by the appended claims.

Claims

1. A method of non-invasive optical measurements on
a human body, the method comprising:

(a) performing several optical measurement
sessions on a measurement location on the pa-
tient’s blood perfused fleshy medium while si-
multaneously controllably varying pressure ap-
plied to the vicinity of said measurement loca-
tion, each measurement session utilizing at
least two different wavelength of incident light,
detecting light response of the medium and gen-
erating measured data indicative thereof;

(b) analyzing the measured data to determine
the light response of the medium as a function
of the wavelength of incident light and the pres-
sure value, and determining an optimal pressure
value for this specific patient, so as to utilize at
least two light responses of the medium for said
at least two different wavelengths, respectively,
detected under the application of said optimal
pressure, for deriving therefrom at least one pa-
rameter of the patient’s blood.

2. The method according to Claim 1, wherein the var-
ying pressure is substantially under-systolic pres-
sure.

3. The method according to Claim 1, wherein said op-
timal pressure value is determined as the pressure
value corresponding to certain optical criteria results.

4. The method according to Claim 3, wherein the crite-
ria results utilize at least one of the following param-
eters: minimum of standard deviation, maximum of
the amplitude of the light response, AC/DC ratio, par-
ametric slope.

5. The method according to Claim 1, comprising apply-
ing over-systolic pressure to the medium so as to
create a state of blood flow cessation at the meas-
urement location, the measured data being indica-
tive of time variation of the light response for each
of said at least two wavelengths.

6. The method according to Claim 5, wherein the
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11.

12.

13.

14.

15.

16.
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over-systolic pressure is applied to a location on the
medium upstream of the measurement location with
respect to a normal blood flow direction.

The method according to Claim 2, comprising apply-
ing over-systolic pressure to the medium so as to
create a state of blood flow cessation at the meas-
urement location, and applying said optimal pres-
sure to the vicinity of the measurement location, the
measured data being indicative of time variation of
the light response for each of said at least two wave-
lengths.

The method according to Claim 7, wherein the
over-systolic pressure is applied to a location on the
medium upstream of the measurement location with
respect to a normal blood flow direction.

The method according to Claim 5, comprising per-
forming the preliminary measurements under the ap-
plication of the controllably variable under-systolic
pressure and no over-systolic pressure to select the
optimal value of the under-systolic pressure specific
forthe patient; and then performing the optical meas-
urements while at the optimal under-systolic pres-
sure at the measurement location and the state of
blood flow cessation at the measurement location,
to thereby increase accuracy of the measurements.

The method according to Claim 9, wherein the meas-
urement sessions are performed during the single
blood-cessation state.

The method according to Claim 9, wherein the meas-
urement sessions are performed during the sequen-
tial blood cessation state, obtained by sequentially
applying and releasing the over-systolic pressure.

The method according to Claim 1, wherein said at
least one blood parameter includes at least one of
the following: oxygen saturation, Hb, Glucose bi-
lirubin, concentration of one or more substance in
blood.

The method according to Claim 12, wherein said one
or more substance includes at least one of hemo-
globin and glucose.

The method according to Claim 1, wherein said an-
alyzing of the measured data comprises utilizing cal-
ibration data indicative of different blood parameters.

The method according to Claim 14, comprising car-
rying out a calibration stage, during which various
patients undergo the measurements, and calibration
curves corresponding to different blood parameters.

The method according to Claim 1, for use in oximetry
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measurements.

17. The method according to Claim 1, for use in pulse

oximetry measurements.

18. A method for use in pulse oximetry measurements,

the method comprising:

- performing several optical measurement ses-
sions on a measurement location on the pa-
tient’s blood perfused fleshy medium while si-
multaneously controllably varying substantial-
ly-under-systolic pressure applied to the vicinity
of said measurement location, each measure-
ment session utilizing at least two different
wavelength of incident light, detecting light re-
sponse of the medium and generating meas-
ured data indicative thereof;

- analyzing the measured data to determine the
light response of the medium as a function of
the wavelength of incident light and the pressure
value, and determining an optimal pressure val-
ue for this specific patient, so as to utilize corre-
sponding at least two light responses of the me-
dium for said at least two different wavelengths,
respectively, for deriving therefrom at least one
parameter of the patient’s blood.

19. A method for use in non-invasive measurements of

blood parameters, the method comprising:

- performing several optical measurement ses-
sions, each with at least two different wave-
length of incident light, on a measurement loca-
tion on the patient’s blood perfused fleshy me-
dium, while at the state of blood flow cessation
at the measurement location and application of
controllably varying substantially under-systolic
pressure to the vicinity of said measurement lo-
cation; detecting light response of the medium;
and generating measured data indicative there-
of;

- analyzing the measured data to determine the
light response of the medium as a function of
time, the wavelength of incident light and the
under-systolic pressure value, and determining
an optimal value of the under-systolic pressure
for the specific patient, so as to utilize corre-
sponding at least two time variations of the light
response for said at least two different wave-
lengths, respectively, measured at the state of
blood flow cessation in the measurement loca-
tion, for deriving therefrom at least one param-
eter of the patient’s blood.

20. A method for controlling optical measurements on a

patient’s blood perfused fleshy medium, the method
comprising:
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- operating a pressurizing assembly to apply a
controllably varying pressure to a measurement
location and concurrently operating an optical
measuring unit to apply optical measurements
to the measurement location by illuminating the
measurement location with incident light of at
least two different wavelengths and detecting
light responses of the measurement location for
said at least two different wavelengths;

- analyzing data indicative of the light response
signals obtained with the different values of the
applied pressure, and selecting an optimal pres-
sure value for the specific patient as that corre-
sponding to the light response signal charac-
terized by at least one of the following: a max-
imal intensity of the light response signal, a max-
imal value of an AC/DC ratio in the signal from
all the detected light response signals, and a
predetermined range of parametric slopes, the
parametric slope being indicative of a time
change of the intensity of the light response to
the incident light of one wavelength as a function
of a time change of the intensity of the light re-
sponse to the incident light of another wave-
length
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