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METHOD AND DEVICE FOR NON-INVASIVE
MEASUREMENTS OF BLOOD
PARAMETERS

FIELD OF THE INVENTION

This invention is generally in the field of non-invasive
measuring techniques and relates to a method for non-
invasive measurements of blood parameters, such as the
concentration of a substance in blood (e.g., hemoglobin,
glucose, drugs or cholesterol), or other important blood
parameters such as oxygen saturation.

BACKGROUND OF THE INVENTION

Various non-invasive techniques have been developed for
determining blood-related parameters such as hemoglobin,
hematocrit, oxygen saturation, etc. These techniques are
disclosed for example in the following publications:

A pulse oxymetry based hemoglobin measurement tech-
nique is described in the article “Noninvasive total hemo-
globin measurement”, by Kye Jin Jeon et al., Journal of
Biomedical Optics 7(1), 45-50, January 2002. This tech-
nique consists of a wavelength selection and prediction
algorithm for determining total hemoglobin concentration. A
model has been developed, based on the difference in optical
density induced by the pulsation of the heart beat, by taking
an approximation of Twersky’s theory on the assumption
that the variation of blood vessel size is small during arterial
pulsing. The device utilizes a five wavelength light emitting
diode array as the light source. The selected wavelengths are
two isobestic points and three in compensation for tissue
scattering. Data are collected from 129 outpatients who are
randomly grouped as calibration and prediction sets. The
ratio of the variations of optical density between systole and
diastole at two different wavelengths is used as a variable.
Several such variables have been selected that show high
reproducibility among all variables. Multiple linear regres-
sion analysis has been made in order to predict total hemo-
globin concentration. The correlation coeflicient is 0.804
and the standard deviation is 0.864 g/dL for the calibration
set. The relative percent error and standard deviation of the
prediction set are 8.5% and 1.142 g/dL, respectively. These
investigations demonstrate the possibility of noninvasive
hemoglobin measurement, particularly, using the wave-
lengths below 1000 nm.

U.S. Pat. No. 5,277,181 discloses noninvasive measure-
ment of hematocrit and hemoglobin content by differential
optical analysis. This technique utilizes differential optical
absorption of two or more wavelengths of light during blood
volume changes. The method is also useful for noninvasive
measurements of other blood analytes, such as glucose,
where variations in hematocrit or blood hemoglobin con-
centration cause errors in the measurement.

U.S. Pat. No. 4,927,264 discloses a non-invasive measur-
ing method and apparatus of blood constituents. Here, in
order to measure the oxygen saturation in venous blood, a
venous blood stream is made time-variant by applying
pressure with a peak value of the minimum blood pressure
to a proximal portion from a measuring part. Light beams
with different wavelengths are transmitted from the measur-
ing part and detected by photodiodes. Photodetected signals
are logarithm-converted and venous signal components are
separated from logarithm-converted signals with a filter
circuit. The oxygen saturation of venous blood is calculated
on the basis of separated venous signal components.
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U.S. Patent No. 5,827,181 describes a noninvasive blood
chemistry measurement method and system that isolate
measurement contributions due to a patient’s blood to accu-
rately measure blood chemistry. According to one embodi-
ment, a noninvasive blood chemistry measurement method
decreases the blood volume within a patient’s body part
relative to the normal blood volume in the body part and
performs a baseline measurement. Blood volume is then
increased and a second measurement is performed. Com-
parison of the second measurement to the baseline measure-
ment isolates the measurement attributes of the patient’s
blood. In accordance with another embodiment, a noninva-
sive blood chemistry measurement system decreases blood
volume by applying mechanical pressure to a body part.
According to yet another embodiment, blood volume in the
body part is decreased using a pressure cuff. In a further
embodiment, a noninvasive probe accurately measures
blood chemistry and uses a suction cup to increase blood
volume at the blood chemistry measurement site.

U.S. Pat. No. 6,606,509 discloses a method and apparatus
for improving the accuracy of noninvasive hematocrit mea-
surements. According to this technique, the changes in the
intensities of light of multiple wavelengths transmitted
through or reflected light from the tissue location are
recorded immediately before and after occluding the flow of
venous blood from the tissue location with an occlusion
device positioned near the tissue location. As the venous
return stops and the incoming arterial blood expands the
blood vessels, the light intensities measured within a par-
ticular band of near-infrared wavelengths decrease in pro-
portion to the volume of hemoglobin in the tissue location;
those intensities measured within a separate band of wave-
lengths in which water absorbs respond to the difference
between the water fractions within the blood and the dis-
placed tissue volume. A mathematical algorithm applied to
the time-varying intensities yields a quantitative estimate of
the absolute concentration of hemoglobin in the blood. To
compensate for the effect of the unknown fraction of water
in the extravascular tissue on the hematocrit measurement,
the tissue water fraction is determined before the occlusion
cycle begins by measuring the diffuse transmittance or
reflectance spectra of the tissue at selected wavelengths.

A different approach is disclosed in various patents
assigned to the assignee of the present application, such as
for example U.S. Pat. No. 6,400,972; U.S. Pat. No. 6,587,
704; U.S. Pat. No. 6,711,424; and U.S. Pat. No. 6,804,002.
These techniques provide for measurement of various
parameters of the patient’s blood, based on the creation of a
condition of artificial kinetics at a measurement location,
and maintaining this condition during a certain time. Mea-
surements are carried out during a time period including this
certain time by applying an external electromagnetic field to
the measurement location and detecting a response to the
applied field. Measured data is in the form of time evolutions
of the responses of the medium corresponding to the differ-
ent parameters of the applied field. By analyzing the mea-
sured data, at least one blood parameter is extracted.

SUMMARY OF THE INVENTION

There is a need in the art to facilitate non-invasive
measurements of various blood parameters, by providing a
novel method and device capable of providing the improved
accuracy of measurements.

The inventors have found a certain problem associated
with the fact that the methodology of each of the known
approaches is based on a different kind of blood related
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signal. More specifically, pulsatile measurements (e.g., the
above-indicated article “Noninvasive total hemoglobin mea-
surement”, by Kye Jin Jeon et al., Journal of Biomedical
Optics 7(1), 45-50, Janvary 2002; U.S. Pat. No. 5,277,181)
are based on the arterial blood natural volumetric changes.
Under-systolic volume manipulation based measurements
(e.g., the above-indicated patents U.S. Pat. No. 4,927,264,
U.S. Pat. No. 5,827,181; U S. Pat. No. 6,606,509) deal with
venous blood. Over-systolic occlusion based measurements
(disclosed in the aboveindicated patents U.S. Pat. No. 6,400,
972; U.S. Pat. No. 6,587,704; U.S. Pat. No. 6,711,424; and
U.S. Pat. No. 6,804,002) are based on the arterial blood
artificial kinetics (changes in a medium response caused by
the Red Blood Cells (RBCs) aggregation). The physical and
physiological principals underlying the pulsatile signal,
under-systolic volumetric signal and post occlusion signals
are essentially different. The pulsatile and under-systolic
volumetric signals originate mainly from the natural volume
changes (although aggregation-related signal may interfere
with this changes), whereas during the post occlusion period
of time the volume is kept constant and aggregation process
dominates.

The inventors have found that the accuracy of measure-
ments could be improved by appropriately combining occlu-
sion (no pulse due to blood flow cessation) and pulse modes
of measurements. Occlusion mode is that of artificial kinet-
ics condition, namely RBC aggregation effect drives the
major changes of the medium response to an applied elec-
tromagnetic field. Pulse mode is a volumetric driven mode
of operation, namely response signal changes are driven
mainly by changes of quantity of the blood. By appropriately
utilizing both of the occlusion and pulse modes, the accuracy
of measurements can be improved. According to the inven-
tion, measurements are applied to the region of interest in a
blood-perfused fleshy medium under occlusion and before
and/or after the occlusion—to the same region at the steady
state (non-occluded) thereof.

The measurements may include the so-called “pure opti-
cal” measurements, namely, illumination of a measurement
location and detection of a light response thereof (transmis-
sion or reflection/scattering), and/or photo-acoustic spec-
troscopy (illumination of a measurement location and detec-
tion of acoustic response thereof), and/or impedance based
measurements (total electrical resistance or a component of
the impedance) according to which two electrodes are
brought into direct contact with the human body and real and
imaginary components of reflected and/or transmitted elec-
tromagnetic signals are spectrally examined as a function of
frequency. The measurements are taken with at least two
different values of a controllable parameter. The latter may
include the parameter of the applied electromagnetic field,
and/or in case of optical measurements of the concentration
of an optically active (scattering) substance (such as glu-
cose)—ypolarization states of detected light.

There is thus provided according to one broad aspect of
the invention, a method for use in non-invasive measure-
ments in a patient’s body, the method comprising:

(a) performing several measurement sessions on a mea-
surement location on the body, each measurement
session comprising applying an external electromag-
netic field to a measurement location and detecting at
least two responses of the measurement location char-
acterized by at least two different values of a control-
lable parameter, and generating data indicative of the
detected response, wherein the measurement sessions
include at least two measurement sessions carried out at
a normal blood flow in the measurement location
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4

enabling generation of first measured data indicative of
a first time variation of the response for each of said at
least two parameter values, and at least two measure-
ment sessions carried out at a condition of artificial
kinetics in the measurement location enabling genera-
tion of second measured data indicative of a second
time variation of the response for each of said at least
two parameter values; and

(b) processing the first and second measured data to

determine a first relation between the first time varia-
tions for the different parameter values and a second
relation between the second time variations for said
different parameter values; and

(c) utilizing the first and second relations to determine the

at least one blood related parameter.

The condition of artificial kinetics may be created by
applying over-systolic pressure to the vicinity of the mea-
surement location, or to a location on the body upstream of
the measurement location with respect to a normal blood
flow direction in the body.

Preferably, the invention utilizes optical measurements:
The measurement session may include illuminating the
measurement location with at least two different wave-
lengths of light (constituting at least two different values of
the applied field parameter) and detecting the light response
of the body portion (e.g., light transmitted through the body
portion under measurements). Alternatively, the measure-
ment session may include illuminating the measurement
location with at least one wavelength of light and detecting
the light response of the body portion while at different
polarization states of the detected light (constituting at least
two different values of the controllable parameter).

Preferably, each of the first and second relations is deter-
mined as a parametric slope of the respective time functions
of the responses. A pair of the first and second parametric
slopes PS,; and PS, obtained for the same pair of wave-
lengths A,-A, (constituting pair of the applied field param-
eter values) are determined as:

_ 8La('AL/8()
L= BLa{tA2)/ 900

and

ALn(?A1)/ (1)

27 BLaA2)/ 000)

wherein I' and 1? are the first and second light responses and
t is time.
The desired blood parameter BP can be determined as

N

BP= Ai-(PSy); +
i=1

M
B; - (PSy);,
=1

wherein A, and B, are calibration coefficients; (PS,), and
(PS,), are first and second parametric slopes obtained for the
same pair of wavelengths; and i is a number of wavelength.

The measurement sessions carried out at the normal blood
flow condition may be performed before or after the mea-
surement sessions under the artificial kinetics condition.

The blood related parameter that can be determined by the
technique of the invention includes concentration of sub-
stance (e.g., hemoglobin, hematocrit, glucose) in blood
and/or oxygen saturation.
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According to another broad aspect of the invention, there
is provided a method for use in non-invasive measurements
in a patient’s body, the method comprising:

(a) performing several optical measurement sessions on a
measurement location on the body, each measurement
session comprising illuminating a measurement loca-
tion and detecting light responses of the measurement
location characterized by at least two different values of
a controllable parameter, and generating data indicative
of the detected light response, wherein the measure-
ment sessions include at least two measurement ses-
sions carried out at a normal blood flow in the mea-
surement location enabling generation of first measured
data indicative of a first time variation of the light
response for each of said at least two parameter values,
and at least two measurement sessions carried out at a
condition of artificial kinetics in the measurement loca-
tion enabling generation of second measured data
indicative of a second time variation of the light
response for each of said at least two parameter values;
and

(b) processing the first and second measured data to
determine a first relation between the first time varia-
tions for the different parameter values and a second
relation the second time variations for said different
parameter values; and

(¢) utilizing the first and second relations to determine the
at least one blood related parameter.

According to yet another broad aspect of the invention,
there is provided a device for use in non-invasive measure-
ments in a patient’s body, the device comprising:

(a) a measurement unit comprising an electromagnetic
field source assembly configured and operable for
applying an external electromagnetic field to a mea-
surement location on the body, and a detector arrange-
ment configured and operable for detecting a response
of the measurement location to the applied field and
generating data indicative thereof;

(b) a pressure applying assembly configured and operable
for applying over-systolic pressure to the body portion
so as to create a condition of artificial kinetics in the
measurement location characterized by a blood flow
cessation;

(c) a control unit connectable to the measurement unit and
to the pressure applying assembly for operating them so
as to enable several measurement sessions on the
measurement location, each measurement session car-
ried out with the at least two different values of a
controllable parameter, such that the measurement ses-
sions include at least two measurement sessions carried
out at a normal blood flow in the measurement location
with substantially no application of pressure and at
least two measurement sessions carried out at the
condition of artificial kinetics in the measurement loca-
tion; the control unit being configured for receiving and
processing said data indicative of the response of the
measurement location to the applied field to determine
first measured data indicative of a first time variation of
the response for each of said at least two parameter
values while at the normal blood flow condition and
second measured data indicative of a second time
variation of the response for each of said at least two
parameter values while at the artificial kinetics condi-
tion, thereby enabling determination of a first relation
between the first time variations for the different

6

parameter values and a second relation between the
second time variations for said different parameter
values, and utilizing said first and second relations to
determine at least one blood related parameter.

According to yet another broad aspect of the invention,
there is provided a device for use in non-invasive measure-
ments i a patient’s body, the device comprising:

(a) an optical measurement unit, which comprises a light
source assembly, and a light detector arrangement
configured and is operable to cause light responses of
the illuminated location characterized by at least two
different values of a controllable parameter; and gen-
erating data indicative thereof,

10

15 (b)a pressure applying assembly configured and operable

for applying over-systolic pressure to the body portion
so as to create a condition of artificial kinetics in the
measurement location characterized by a blood flow
cessation;

(c) a control unit connectable to the measurement unit and
to the pressure applying assembly for operating them so
as to enable several measurement sessions on the
measurement location, each measurement session car-
ried out with the at least two different values of the
controllable parameter, such that the measurement ses-
sions include at least two measurement sessions carried
out at a normal blood flow in the measurement location
with substantially no application of pressure and at
least two measurement sessions carried out at the
condition of artificial kinetics in the measurement loca-
tion; the control unit being configured for receiving and
processing said data indicative of the light response to
determine first measured data indicative of a first time
variation of the light response for each of said at least
two parameter values while at the normal blood flow
condition and second measured data indicative of a
second time variation of the light response for each of
said at least two parameter values while at the artificial
kinetics condition, thereby enabling determination of a
first relation between the first time variations for the
different parameter values and a second relation
between the second time variations for said different
parameter values, and utilizing said first and second
relations to determine at least one blood related param-
eter.
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BRIEF DESCRIPTION OF THE DRAWINGS

Y In order to understand the invention and to see how it may

be carried out in practice, preferred embodiments will now
be described, by way of non-limiting example only, with
reference to the accompanying drawings, in which:

FIG. 1 is a block diagram of a device of the present
invention, exemplified as being applied to a patient’s finger;

FIGS. 2A and 2B show two examples, respectively, of a
method of the invention;

FIGS. 3A-B and 4A-4C show experimental results for the
technique of the invention, wherein FIG. 3A shows the time
variations of the pulse mode light responses for different
wavelengths and FIG. 3B shows the time variations of the
occlusion mode light responses for the same wavelengths,
respectively; and FIGS. 4A-4C show relations between the
time variations of the light responses for the pulse and
artificial kinetics modes (in terms of parametric slopes), for
three different pairs of wavelengths, respectively.

60
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Referring to FIG. 1, there is illustrated by way of a block
diagram a device, generally designated 10, constructed and
operated according to the invention. In the present example,
the device is applied to a patient’s finger (being configured
as a clip-like or a ring-like device), but it should be undetr-
stood that the invention is not limited to this specific
example.

Device 10 includes a measurement unit 12, a pressure
applying assembly 14, and a control unit 16. Measurement
unit 12 and pressure applying assembly 14 may be made
integral with each other (i.e., carried by a common housing,
e.g., capable of being applied to the finger, e.g., a ring-like
housing) or may be separate units (e.g., separate ring, or one
being a ring and the other being a clip, as the case may be).
Measurement unit 12 includes a source 12A of an external
electromagnetic field to be applied to a measurement loca-
tion in the body; and a detector 12B configured for detecting
a response of the measurement location to the applied field.
Field source 12A is operable (e.g., by control unit 16) to vary
at least one of its operational parameters (e.g., a frequency
of the applied field). Such a field may be light or electric
signal. The response may be in the form of an optical,
acoustic or electric signal.

In the present example, measurement unit 12 is an optical
device configured to irradiate a region of interest (finger in
the present example) with incident radiation of at least two
different wavelengths in Visible, NIR or IR spectra, and
detect a radiation response of the illuminated region. To this
end, measurement unit 12 includes light source arrangement
12A (and possibly also a suitable light directing assembly,
e.g., optical fiber(s) and/or a lens arrangement and/or polar-
izer arrangement); and light detector arrangement 12B (pos-
sibly equipped with suitable optics, and/or spectral filters,
and/or polarizer arrangement). Light source arrangement
12A includes either a single broadband illuminator, or a
plurality (at least two light source elements) emitting light of
different wavelength ranges.

It should be understood that light source arrangement 12A
may or may not be carried by the housing applied to the
finger. For example, such a light source assembly may be a
stand alone unit and an optical fiber arrangement is used for
connecting the light source to the housing on the finger.
Similarly, detector arrangement 12B may be mounted on the
housing or may be connected thereto via an optical fiber
arrangement. The housing (clip or ring) carrying the mea-
suring unit is appropriately provided with optical windows
allowing illuminating light to pass to the region of interest
and allowing collection of the light response of the region of
interest. In this connection, it should be understood that the
device may be configured to operate with a reflection mode
and/or transmission mode. Namely, the device may include
one or more light detector (i.e., optical window(s) associated
therewith) collecting light transmitted through the finger,
and/or one or more light detector collecting light reflected
(scattered) from the region of interest in the finger.

Pressure applying assembly 14 includes a cuff 14A con-
figured for attaching to the patient’s finger, and a drive unit
14B operated by control unit 16 for operating the squeezing
of cuff 14A.

Control unit 16 is connectable to measurement unit 12 and
pressure applying assembly 14 (via wires or wireless), and
is configured to appropriately operate these units and to
receive and process data indicative of the detected response
of the measurement location. Control unit 16 is configured
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as a computer system including inter alia a memory utility
16A, a data processing utility 16B, and a data output utility
(e.g., display) 16C. Also, control unit 16 includes a field
source controller (an illumination controller) utility 16D and
a pressure controller utility 16E associated with the drive
unit 14B.

Reference is made to FIGS. 2A and 2B showing the
operational steps in accordance with two examples, respec-
tively, of a method of operating device 10 of the present
invention. In the present example, pure optical measure-
ments are considered, but it should be understood that the
present invention is not limited to this specific example.

In the example of FIG. 2A, measurements are first taken
at the steady state (pulse mode), and then under the artificial
kinetics condition (occlusion mode). Accordingly, during a
certain time period t,, (e.g., about 20 seconds) pressure
applying assembly 14 is kept inoperative, while measure-
ment unit 12 is operated to apply two or more measurement
sessions, each with at least two different wavelengths, and/or
with at least two different states of polarization of the
detected light (as described in the above-indicated U.S. Pat.
No. 6,804,002 assigned to the assignee of the present
application). Light source assembly 12A and detector
arrangement 12B are operated to apply illumination (e.g,,
with at least two different wavelengths) to a measurement
location (region of interest) and detect a light response, 1,
of the illuminated region (for at least two different values of
the controllable parameter—that of wavelength of illumina-
tion in the present example). Data indicative of the light
response, 1, is received at the control unit.

After this time period t,, a condition of artificial kinetics
is created at the measurement location and maintained for a
certain time period t, such as not to cause irreversible
changes in the fleshy medium (e.g., from a few seconds to
about one minute), and optical measurements are applied to
the measurement location during this time period t . This is
implemented by operating pressure applying assembly 14 to
apply over-systolic pressure in the vicinity of the measure-
ment location or upstream of the measurement location
(with respect to a normal blood flow direction) so as to
create blood flow cessation at the measurement location and
maintain it during the cessation time t,, and operating the
light source and detector assemblies to detect a light
response, 1, of the measurement location for at least two
measurement sessions while at the condition of artificial
kinetics (under occlusion). Data indicative of the light
response, 1_,, is received at the control unit. It should be
noted that a certain short time (about 0.5 sec) exists from the
moment when the pressure is initially applied and until the
actual start of occlusion. Measurements taken during this
time period may be disregarded, due to the unavoidable
influence of motional and/or other artifacts causing non-
monotonic fluctuations of the light response signal.

In the example of FIG. 2B, measurements are first taken
at the occlusion mode (condition of artificial kinetics), and
then during the steady state (pulse mode). Accordingly,
pressure applying assembly 14 is operated to apply over-
systolic pressure to the vicinity of the measurement location
or upstream thereof and maintain this pressure during ces-
sation time t_,. Measurement unit 12 is operated to apply
optical measurements (at least two measurement sessions,
each with at least different wavelengths of light) during the
cessation time. Similarly, measurement taken during a short
time period from the moment when the pressure is initially
applied and until the actual start of occlusion should be
disregarded. Thereafter (after time t,), the pressure is
released, and a transitional state of blood flow takes place,
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during about 2-3 seconds. Measurements taken during this
time period may also be disregarded. After this transitional
blood flow state, the normal blood flow is established, and
light response, [, is measured in at least two measurement
sessions.

Common for both examples, data indicative of the light
responses 1, and 1, are processed to determine measured
data indicative of time variations of these light responses for
each of the at least two wavelengths A, and A, I (1), 1" (1)
and ' (1), 2 (). These measured data are further pro-
cessed to determine a relation between the time variations of
the light responses, namely a relation R, between functions
IMP(t), Imp(t), and a relation R, between functions I** (1),
1%, (1). This allows for calculating the desired blood param-
eter. In this connection, it should be understood that the
wavelength of illumination are appropriately selected for
measuring a specific blood parameter.

The so-determined relations R, and R, between the time
variations of the pulse mode and the occlusion mode light
responses enables reduction of the time element both for the
pulse related components and the occlusion related compo-
nents of the optical response. The use of more than two
wavelengths in each measurement session, allows for deter-
mining the relation between the light responses’ variations
for different pairs of wavelengths, which provide different
sensitivities to different blood parameters.

The following are experimental results of the invention.
FIG. 3A shows the time variations of the pulse mode light
responses, Ilp(t), Izp(t), IS 0, I4P(t), for, respectively, 610
nm, 670 nm, 812 and 880 nm wavelength; and FIG. 3B
shows the time variations of the occlusion mode light
responses, I' (1), I2_,(t), 1, (1), I* (), for the same wave-
lengths, respectively.

FIGS. 4A-4C show relations R;-R,, R,"-R," and R |"-R,"
for, respectively, the following pairs of wavelengths A -A.:
670 nm-880 nm, 610 nm-880 nm, 8§10 nm-880 nm, where
the wavelengths are selected for the concurrent determina-
tion of hemoglobin concentration and oxygen saturation,
wavelength 880 nm being the so-called “reference wave-
length”. In the present example, the relation R is determined
as a parametric slope (PS) namely a ratio between variation
of the light response for one wavelength A, and the variation
of the light response for the reference wavelength A, for
example calculated as:

Aln(ly ) /ot
i) /9t

As indicated above, different pairs of wavelengths pro-
vide different sensitivities to different blood parameters For
example, the value of PS for 670 nm and 880 nm in the pulse
mode (pulsatile signal) is most sensitive for HbO2/(Hb+
HbO2) ratio (oxygen saturation), but reveals a small sensi-
tivity to the hemoglobin concentration as well. The value of
PS for 610 nm and 880 nm in the occlusion mode is very
sensitive to hemoglobin/hematocrit, and is also sensitive at
a certain degree to the blood Hb oxygen saturation. It should
be noted that there are additional parameters, like blood flow
and/or tissue hematocrit that can affect the PS value. There-
fore, the use of additional pairs of wavelength is preferred in
order to account or compensate for the variable parameters
of management.

20

35

40

45

50

60

10

For the determination of Hb(SPO2) or glucose concen-
tration, the following expression can be used:

N ¢9)

where A, are determined be using previous calibration; (PS),
are different pairs of parametric slopes; and i is a number of
wavelength.

The calibration stage consists of the following: Measure-
ment are taken in vivo for the population of patients, ranging
from very low Hb values up to very high Hb values. Then,
the reference Hb from the patients’ blood is taken, using any
standard Lab method. Thereafter, PS is calculated for the
pulse and occlusion modes, and coefficients of the regression
formula are determined using a standard mean least square
calculation technique.

The examples of FIGS. 4A-4C demonstrate the differ-
ences between PS as a function of Hb for pulsatile and post
occlusion signals.

Mathematically it means that volumetric PS is determined
as:

OLn(ly)/0(x)

R TR TR

wherein x is the blood volume pulsatile changes, and PS for
post occlusion signal is determined as:

&)

PS(occlusion) =

aLn(I/\l ) /(9 (/-‘/Irmnxporrl (A)) . 9 (M/\tramporrl (A)) / d ([)
ALy rer ) [ O (rsransportt Aref ) O (tsransporrt (Aref)) [ 9(2)

wherein I is the optical response signal

The time dependent behavior of ;... during the
occlusion is the optical parameter driven by artificial kinet-
ics.

Expressions (2) and (3) are supplemental to each other.
The combination of these expressions provides additional
information. The simplest combination is:

N

M
Z A; - (PS(pusle)), + Z B;+ (PS(occlusion);
=1 i=1

Hb=

For example, using only pulsatile component (expression
1) for Hb determination results in correlation of r=65%,
using of only post occlusion signal on some dataset results
in correlation r=63%. However, the combination of both
signals (expression 4) provides a 85% correlation between
the calculated and real value (invasively measured Hb
value).

Naturally, if the explicit expressions (2) and (3) are
provided in any form, then equations (2) and (3) can be
solved symbolically or numerically as a set of equations.

It should be noted that this methodology can be used not
only with the parametric slope being a primer parameter, but
for any form or derivative of such a parametric slope or a
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differential thereof or Ln(I), or for any combination of them.
The assessment of the following parameters that can be
facilitated by using a combination of signals of pulse,
artificial volumetric (pre-occlusion blood volume manipu-
lation) and post-occlusion are: SPO2, Hb, Glucose, HbCO,
MetHb.

Those skilled in the art will readily appreciate that many
modifications and changes may be applied to the invention
as hereinbefore exemplified without departing from its scope
defined in and by the appended claims. In the method claims
which follow, characters which are used to designate claim
steps, are provided for convenience only and do not apply
any particular order of performing the steps.

The invention claimed is:

1. A method for use in non-invasive measurements in a

patient’s body, the method comprising:

(a) performing several measurement sessions on a mea-
surement location on the body, each measurement
session comprising illuminating a measurement loca-
tion with light of at least two different wavelengths and
detecting at least two light responses of the measure-
ment location corresponding to said at least two dif-
ferent wavelengths of light, and generating data indica-
tive of the detected response, wherein the measurement
sessions include at least two measurement sessions
carried out at a first condition of normal blood flow in
the measurement location enabling generation of first
measured data indicative of a first time variation of the
response for each of said at least two different wave-
lengths, and at least two measurement sessions carried
out at a second condition of artificial kinetics in the
measurement location enabling generation of second
measured data indicative of a second time variation of
the response for each of said at least two different
wavelengths; and

(b) processing the first measured data to determine a first
relation between the first time variations for the differ-
ent wavelengths and processing the second measured
data to determine a second relation between the second
time variations for said different wavelengths, each of
the first and second relations is determined as a para-
metric slope of the respective time functions of the
responses; and

(c) utilizing the first and second relations to determine a
certain function between said first and second relations,
thereby enabling determination of at least one blood
related parameter BP as follows

N M
BP= )" A (P + ) Bi- (PSy);

i=1 i=1

wherein A, and B, are calibration coeflicients; (PS,), and
(PS,), are first and second parametric slopes obtained for the
same pair of wavelengths; and 1 is a number of wavelengths.

2. The method of claim 1, wherein the condition of
artificial kinetics is created by applying over-systolic pres-
sure at the measurement location, or to a location on the
body upstream of the measurement location with respect to
a normal blood flow direction in the body.

3. The method of claim 1, wherein each of the measure-
ment sessions includes more than two wavelengths of illu-
mination,
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4. The method of claim 1, wherein the light response
includes light transmitted through and/or scattered from the
body portion.

5. The method of claim 1, wherein a pair of the first and
second parametric slopes PS; and PS, obtained for the same
pair of wavelengths A-A, are determined as

ALn(I'A1)/ (1)

L= SLaima2)/ 800

and

_ ALn(*A1)/ 811)

27 ALa2A2)/ 900

wherein I and I* are the first and second light responses.

6. The method of claim 1, wherein said at least two
measurement sessions carried out at the normal blood flow
condition are carried out either prior to said at least two
measurement sessions under the artificial kinetics condition,
or thereafter.

7. The method of claim 1, wherein said at least one blood
related parameter includes one of a concentration of sub-
stance in blood and oxygen saturation.

8. The method of claim 7, wherein said substance includes
at least one of the following: hemoglobin, hematocrit, glu-
cose.

9. A device for use in non-invasive measurements in a
patient’s body, the device comprising:

(a) a measurement unit comprising a light source assem-
bly configured and operable for applying an external
electromagnetic field to a measurement location on the
body, and a light detector arrangement configured and
operable for detecting a response of the measurement
location to the applied field and generating data indica-
tive thereof;

(b) a pressure applying assembly configured and operable
for applying over-systolic pressure to the body portion
so as to create a condition of artificial kinetics in the
measurement location characterized by a blood flow
cessation;

(c) a control unit connectable to the measurement unit and
to the pressure applying assenibly for operating them so
as to enable several measurement sessions on the
measurement location, each measurement session car-
ried out with at least two different values of a control-
lable parameter, such that the measurement sessions
include at least two measurement sessions carried out at
a first condition of normal blood flow in the measure-
ment location with no application of pressure and at
least two measurement sessions carried out at the
second condition of artificial kinetics in the measure-
ment location; the control unit being configured for
receiving and processing said data indicative of the
response of the measurement location to the applied
field to determine first measured data indicative of a
first time variation of the response for each of said at
least two parameter values while at the normal blood
flow condition and second measured data indicative of
a second time variation of the response for each of said
at least two parameter values while at the artificial
kinetics condition, thereby enabling determination of a
first relation between the first time variations for the
different parameter values and a second relation
between the second time variations for said different
parameter values, the control unit being programmed to
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determine each of the first and second relations as a either prior to said at least two measurement sessions under

parametric slope of the respective time functions of the the artificial kinetics condition, or thereafter.

responses and utilizing said first and second relations to 11. The device of claim 9, wherein the control unit is

determine at least one blood related parameter BP as preprogrammed to determine a pair of the first and second

follows 3 parametric slopes PS, and PS, for the same pair of wave-
lengths A -A, as:

N M
BP= )" A (PSy); + ) Bi- (PSy);
p} py _ALn{I'A1)/8(1)

10 = Sty aw
and
wherein A, and B; are calibrated coeflicients; (PS, ), and
(PS,), are first and second parametric slopes obtained
for the same pair of wavelengths; and 1 is a number of
wavelengths.

10. The device of claim 9, wherein the control unit
operates the measurement unit and the pressure applying
assembly such that said at least two measurement sessions
carried out at the normal blood flow condition are performed Kook ok ko

ALn(2A1)/ (1)

27 BLa(2A2)/ 800

15

wherein I' and I? are the first and second light responses.
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