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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 parameters, and relates to a probe to be applied
to a patient's finger.

BACKGROUND OF THE INVENTION

[0002] Non-invasive techniques for measuring vari-
ous blood parameters, such as blood oxygen saturation
and the concentration of substances contained in the
blood (hemoglobin, glucose and other substances)
have become very popular, since they do not require the
withdrawal of a blood sample from a patient's body. Op-
tical monitoring techniques of the kind specified typically
utilize the detection of light transmitted or reflected from
the location on the patient's body under measurement,
and are based on spectrophotometric measurements
enabling the indication of the presence of various blood
constituents based on known spectral behaviors of
these constituents. Most of these techniques utilize a
measurement optical device or probe, designed in a
manner to be attached to the patient's finger, which in-
cludes an optical assembly for irradiating the finger with
light and detecting its light response.
[0003] US Patent No. 5,810,723 discloses an appa-
ratus for the non-invasive monitoring of a patient's car-
boxyhemoglobin level. The patient breathes oxygen to
saturate his blood hemoglobin prior to detection. The
apparatus utilizes a clamp with arms holding the pa-
tient's finger: 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 reg-
ular optical pulsatile signal is typically 2-3% of the total
transmission. The above devices are capable of obtain-
ing the enhanced pulsatile signal that reach 8-10% of
the total light transmission intensity. This enhancement
of the natural pulsatile signal is a boundary of all con-
ventional techniques of the kind specified.
[0007] A different technique is disclosed in a PCT ap-

plication, International Publication No. WO 99/65384,
assigned to the assignee of the present application. This
is an occlusion based technique, where the measured
signals 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
pulsatile signals. To create such a state of blood cessa-
tion, over-systolic pressure needs to be applied to the
patient's finger at a location upstream of the area under
measurement, with respect to the direction of normal
blood flow. Once the blood flow cessation state is es-
tablished, the optical characteristics start to change dra-
matically, 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 sep-
arated measurement sessions are performed, each in-
cluding at least two measurements with different wave-
lengths of incident radiation. 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 location on the patient's finger and
applying optical measurements to a second location
downstream of the first location, is disclosed in a co-
pending US application Serial No. 09/407390, assigned
to the assignee of the present application. US 5,111,817
discloses a non-invasive system for monitoring arterial
oxygen saturation levels and blood pressure including
two LEDs and a pressure cuff.

SUMMARY OF THE INVENTION

[0008] The invention is set out in claim 1.
[0009] 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-inva-
sive optical measurements enabling the application of
a variable controlled pressure to the patient's organ (e.
g., his finger) in the vicinity of a measurement location.
[0010] 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
measurements with maximum accuracy.
[0011] 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 a region 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 pres-
sure of the specific patient, and individual peculiarity of
the finger size, shape and physiological conditions. This
optimal pressure value depends also on the rigidity of
the construction of probe device itself. Therefore means
should be provided enabling to controllably vary the
magnitude of the applied pressure.
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[0012] 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
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.
[0013] 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 calibra-
tion curves corresponding to different blood parameters
as functions of the applied under-systolic pressure are
plotted.
[0014] The wavelengths of incident light are selected
in accordance with the parameter to be measured. Pref-
erably, several different wavelengths are sequentially
applied, so as to obtain data from which different blood
parameters can be derived within the same measure-
ment session.
[0015] The probe device according to the invention
utilizes a finger holder carrying a measurement unit and
a pressurizing assembly, all operated by a control sys-
tem. The measurement unit typically comprises illumi-
nation and detection systems, arranged so as to detect
reflected or transmitted light, as the case may be. The
pressurizing assembly is designed so as to apply vari-
able controlled pressure to the tissue in the vicinity of
the measurement location.
[0016] 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.
[0017] The finger holder is in the form of a clip secur-
ing the fingertip between its legs and carrying the meas-
urement unit. The clip may be formed with one pair or
two pairs of legs. The four-leg design advantageously
enables to provide four-sided support for the finger,
thereby preventing its folding at the distal phalanx. A pair
of manipulating 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 si-
multaneous pivotal movement of all the legs.
[0018] 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
embodiment of the invention, the pressurizing assembly
comprises a balloon-like flat cushion attached to the in-
ner side of the clip between its upper leg and a flexible
cushion-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
invention, 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 opera-
tion. The control system operates the expansion and
squeezing of the cushion.
[0019] There is thus provided according to another
aspect of the invention, a probe device to be used in
non-invasive optical measurements of a patient's blood
parameters, the probe device comprising a finger holder
having a clip member that secures a fingertip between
its clamping legs, wherein the finger holder supports a
measuring unit for applying optical measurements to a
measurement location on the finger, and carries a pres-
surizing assembly operable for applying controllably
variable under-systolic pressure to the finger in the vi-
cinity of said measurement location.
[0020] The probe device may be used with a pulse
oxymeter, wherein the application of the controllably
varied under-systolic pressure enables to derive more
information 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
present invention, there is provided a pulse-oxymeter
utilizing the above probe device and a control system
that operates the pressurizing assembly and the meas-
urement unit and generates data indicative of the meas-
ured parameters.
[0022] The probe device also comprises an additional
pressurizing assembly, which may also be of a pneu-
matic type, and operated by the same drive means as
the above-described pressurizing assembly. The addi-
tional pressurizing assembly is aimed at applying over-
systolic pressure, so as to cause the state of blood flow
cessation and enable the occlusion-based measure-
ments. The over-systolic pressure is applied to a loca-
tion upstream of the measurement location, with respect
to a normal blood flow direction.
[0023] Preferably, the additional pressurizing assem-
bly is coupled to the clip through a substantially rigid
connector engaging the finger along its middle phalanx
and proximal intephalangeal joint. This is associated
with the fact that occlusion-based measurements are
non-volumetric, and the changes in volume of blood in
the finger portion undergoing measurement are unde-
sirable 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.
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By providing a substantially rigid support for the finger
at the region of the middle phalanx during measure-
ment, such undesirable 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
member, which secures a fingertip between its
clamping legs and supports a measuring unit in a
manner allowing to apply optical measurements to
a measurement location on the finger;

- a first 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;

- a second pressurizing assembly associated with
the finger holder and operable for applying desired
pressure to the finger in the vicinity of said meas-
urement location; and

- a control system selectively operating the first and
second pressurizing assembly, and selectively op-
erating the measuring unit, the control system hav-
ing a processor that received data indicative of
measured 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 em-
bodiment will now be described, by way of non-limiting
example only, with reference to the accompanying
drawings, 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
EMBODIMENT

[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 sat-
uration, blood pressure or the concentration of various
substances, 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] The finger holder 12 is in the form of a clip
member 16 having clamping legs - two legs 16A and
16B in the present example, pivotal about an axis 17,
for securing the patient's finger F therebetween. A pair
of manipulating arms 18A and 18B operates the pivotal
movement of the clamping legs to attach the device to
the patient's finger. The clip member 16 carries a meas-
uring unit 20 mounted on its inner side so as to apply
optical measurements to a measurement location L1 on
the patient'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 de-
vice 10 is used for occlusion-based measurements. To
this end, an additional pressurizing assembly 22 is pro-
vided 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 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 at a location L2 upstream of the
measurement location L1 with respect to the direction
of the normal blood flow. The pressurizing assembly 22,
when actuated, operates to apply over-systolic pres-
sure, e.g., 220-300mmHg (generally, adjustable for
each specific patient), at the location L2, thereby caus-
ing the state of blood-flow cessation at the measure-
ment location L1. The cuff 25 is coupled to the clip mem-
ber 16 by a substantially rigid connector 28. The rigid
plate-like connector 28 engages the finger along its mid-
dle phalanx, preventing its folding at the proximal in-
tephalangeal joint, thereby avoiding undesirable chang-
es in blood volume. The connector 28 is shaped like a
plate, and is designed in a manner to enable reciprocat-
ing 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 elongated slot, while the cuff-ring be
formed with a projection installed in this slot for recipro-
cating sliding movement along its axis.
[0029] In the present example of Fig. 1, the other (sec-
ond) pressurizing assembly 24 is composed of a bellow-
like air cushion 29 coupled to its pneumatic drive 30
through a pipe 31. By appropriately expanding or
squeezing the cushion 29, the clamping affect of the
legs is adjusted so as to apply a desired pressure onto
the patient's finger in the vicinity of the measurement
location L1. 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,
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thermoconductive pads 32 (or pads with built-in heat-
ers), 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 portion at the measurement location up to 36-38°.
The heating 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, there-
by rendering the entire device conveniently portable.
[0031] The measuring unit 20 does not form part of
the present invention, and therefore need not be specif-
ically illustrated and described, except to note that it
comprises such main constructional parts as illumina-
tion and detection assemblies, generally at 34, and gen-
erates data indicative of the light response of the finger.
Generally, the illumination and detection assemblies
could be accommodated either at one side of the finger
when operating in a reflection mode, or at opposite sides
of the finger when operating in a transmission mode.
These reflected or transmitted signals present light re-
sponse of the finger to incident radiation. According to
the occlusion-based technique disclosed in the above-
indicated PCT application, the measuring unit provides
illumination of the finger with at least two different wave-
lengths, 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 select-
ed wavelengths are in the ranges, where the absorption
properties of the hemoglobin and plasma are more
sharply expressed, namely are in the ranges
600-1000nm and 1100-1400nm. If the oxygen satura-
tion is to be determined, the selected wavelengths lie in
the range where the difference in the absorption of he-
moglobin (Hb) and oxyhemoglobin (HbO2) are more
sharply expressed, namely are in the ranges
600-780nm (where the difference in the sensitivity of
HbO2 and Hb is maximal) and 820-980nm (reference
range). When dealing with the glucose concentration,
the spectral ranges of 1500-1600nm may be added to
the above-mentioned range of 600-1300nm for select-
ing 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
processor 36 operated by suitable software for analyz-
ing the detected signals and determining the desired pa-

rameter of the patient's blood, as will be described more
specifically 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 at locations L2 and L1. The
pressurizing assembly 24 is first actuated, and when a
certain under-systolic pressure is applied to the vicinity
of the measurement location L1, the control system 14
actuates the pressurizing assembly 22 to apply the over-
systolic pressure to the location L2. When the blood flow
cessation state is created, the control system 14 oper-
ates the measurement unit 20 to illuminate the meas-
urement location with different wavelengths and detect
the light response. The application of over-systolic pres-
sure (location L2) 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 pressure. The pressurizing assembly 24 applies a
different value of the under-systolic pressure, the pres-
surizing assembly 22 is operated to perform a further
occlusion-release session. During each such occlusion-
release session, the light response of the measurement
location as a function of time is determined. The effec-
tive measurements, i.e., the results that have to be an-
alyzed, are those taken at the state of blood flow ces-
sation.
[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 start-
ing 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 considera-
tion. 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 oth-
er artifacts causing non-monotonic fluctuations of the
light transmission. According to an alternative opera-
tional mode of the device 10, the control system 14 ac-
tuates 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
generally 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.
During the first measurement session, the control sys-
tem 14 operates to maintain the cuff 25 and the cushion
29 in their squeezed position, and operates the heating
element 32 to heat the finger in the vicinity of the meas-
urement location. The control system 14 then operates
the pneumatic drives 26 and 30 to release the pressure.
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The squeezing action of the cuff 25 is ceased, and after
a short delay preset by the respective software in the
control 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 transitional blood flow. The illumination assembly
continues to illuminate the finger, but squeezing is halt-
ed. The detection assembly, being synchronized by the
control system 14, detects the light response of the fin-
ger. In other words, the control system 14 selectively op-
erates the measuring unit 20 and the pressurizing as-
semblies 22 and 24, and analyzes data coming from the
measuring unit, as will be described further below.
[0037] Reference is 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 common in the devices 10 and 100. The de-
vice 100 is constructed generally similar to the device
10, but has a somewhat different design of a finger hold-
er 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 pressu-
rizing assembly 124 is constructed generally similar to
the first assembly 22, but is associated with the meas-
urement location L1 for applying under-systolic pres-
sures thereto. The heating element 32 may be attached
to the surface of the cushion 129 contacting the finger
skin. The operation of the device 100 is similar to that
of the device 10. It should, however, be noted, that the
pressurizing assembly 124 can be used in combination
with the assembly 24 (Fig. 1), rather than replacing it.
[0038] Fig. 3 illustrates a probe device 200 having a
somewhat different design as compared to the previous-
ly described examples. Here, a pressurizing assembly
224, that applies under-systolic pressures to the meas-
urement location L1, includes a balloon-like flat cushion
229, which is accommodated either between the flexible
pad 32 and the inner surface of the clamping leg 16B,
or inside 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 mechanism 230 is appropriately provided.
[0039] It should be noted, although not specifically
shown, that the clip member may have a four-legged
design, 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-sid-
ed support of the fingertip prevents its folding at the dis-
tal 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 illus-
trated. Figs. 4a and 4b illustrate, respectively, graphs
G1 and G2 presenting experimental results obtained
with two different modes of the probe device 10, namely,
when the pressurizing assembly 24 is in its active (op-
erational) and passive (non-operational) modes. Each
of the graphs G1 and G2 corresponds to the concentra-
tion of hemoglobin derived from measurement data ob-
tained with the measurement unit 20 as the function of
the hemoglobin concentration obtained with one of the
conventional techniques (invasive). To plot each of the
graphs, ten measurement points were used. The results
show that with the active mode of the pressurizing as-
sembly, when a desired, optimal under-systolic pres-
sure is applied to the measurement location, the meas-
ured correlation between the concentration values ob-
tained with different techniques is about 0.91, and the
standard deviation is 0.9. While with the passive mode
of the pressurizing assembly, these parameters are, re-
spectively, 0.79 and 1.3.
[0042] Figs. 4c and 4d illustrate examples of the tech-
nique of the present invention enabling the determina-
tion of the desired, optimal pressure to be applied by the
pressurizing assembly 24 to a specific patient. Fig. 4c
illustrates four graphs H1, H2, H3 and H4. Graphs H1 and
H2 correspond to the parametric slopes as functions of
the pressure applied by the assembly 24, wherein the
parametric slopes were obtained for two different pairs
of wavelengths: (1) λ1=660 and λ2=940nm, and (2)
λ1=1300 and λ2=940nm, respectively.
[0043] The slope-based technique of determining the
blood substance concentration is disclosed in the
above-indicated PCT application assigned to the as-
signee of the present application. A parametric slope is
determined as the transmission logarithm at the wave-
length λ2, i.e., Log(λ2), versus the transmission loga-
rithm at the wavelength λ1, i.e., Log(λ1), over a certain
time interval (e.g., long occlusion) or at timely separated
occlusion stages (i.e., multiple occlusion-release ses-
sions). 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 enables the determination of blood-related param-
eters. In other words, the parametric slope is a linear
function of Log(λ2) versus Log(λ1), whose slope can be
determined, for example, by a known linear regression
algorithm.
[0044] Graphs H3 and H4 correspond to the slope-er-
ror (i.e., standard deviation) as the function of pressure,
for the above parametric slopes, respectively. To deter-
mine the slope-error, several measurement sessions
were taken with the same pairs of wavelengths, corre-
sponding parametric slopes were calculated, and stand-
ard deviation values were determined. As clearly seen
in the figure, the maximum value (0.55) of the slope in
graph H1, which represents certain results criteria for the

9 10



EP 1 263 315 B1

7

5

10

15

20

25

30

35

40

45

50

55

determination of the oxygen saturation, corresponds to
the minimum value (0.04) of the respective slope-error
in graph H3 at the pressure value of about 100mmHg.
Similarly, the minimum value (0.35) of the slope in graph
H2, which represents another results criteria, corre-
sponds to the minimum value (0.04) of the respective
slope-error in graph H4 at the pressure value of about
100mmHg. Thus, this pressure is the optimal pressure
for this specific patient, and should be applied to the vi-
cinity of the measurement location on his finger during
the optical measurements
[0045] Fig. 4d illustrates the amplitude of the meas-
ured signal as the function of the applied pressure. As
shown, at a certain pressure value (about 120mmHg),
the amplitude 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
pressure variations. This enables to select the optimal
pressure value (or range) to increase the accuracy of
measurements, and obtain better results. Generally
speaking, the determination of the optimal pressure val-
ue is based on a certain optical criteria, such as mini-
mum of the standard deviation, maximum amplitude of
the measured optical signal, AC/DC ratio, parametric
slope, etc. It should be understood that the pressure val-
ues in the above examples are relevant only for the spe-
cific design of the probe used in the experiments, and
may be different for different patients and different probe
configurations. As indicated above, the rigidity of the
constructional elements of the probe also affects the op-
timal pressure value to be used for optimizing the meas-
urement 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
defined in and by the appended claims.

Claims

1. A probe device (10, 100, 200) to be used in non-
invasive optical measurements of a blood parame-
ter of a patient, the probe device (10, 100, 200) com-
prising: a finger holder (12, 112) having a clip mem-
ber (16) that secures a fingertip (F) between its
clamping legs (16A, 16B), wherein the finger holder
(12, 112) supports a measuring unit (20) for apply-
ing optical measurements to a measurement loca-
tion (L1) on the finger and generating measured da-
ta indicative of a light response of the finger at the
measurement location (L1), and carries a first pres-
surizing assembly (29, 129, 229) operable for ap-
plying controllably variable under-systolic pressure
to the finger in the vicinity of said measurement lo-
cation (L1), and a second pressurizing assembly
(22) operable for applying over-systolic pressure to

a location on the patient's finger upstream of said
measurement location (L1) with respect to a normal
blood flow direction, so as to create a state of blood
flow cessation at said measurement location (L1),
the device being thereby configured and operable
to allow preliminary measurements while at control-
lably variable under-systolic pressure and no over-
systolic pressure to select an optimal value of the
under-systolic pressure specific for a patient and
then allow measurements while at the optimal un-
der-systolic pressure at the measurement location
(L1) and the over-systolic pressure at the upstream
location (L2) to thereby increase the accuracy of the
measurements.

2. The probe according to claim 1 wherein said first
pressurizing assembly (29, 129, 229) is associated
with manipulating arms of the clip member (16),
such as to controllably vary the pressure of the
clamping legs (16A, 16B) onto the fingertip (F) se-
cured therebetween.

3. The probe according to claim 1, wherein said first
pressurizing assembly (29, 129, 229) comprises a
bellow-like air cushion, which is interconnected at
its opposite ends between the manipulating arms,
and is coupled to a pneumatic drive selectively op-
erable to supply controllably variable pressure.

4. The probe according to claim 1, wherein said first
pressurizing assembly (29, 129, 229) is associated
with the measurement location (L1) and accommo-
dated on the inner side of the clip member (16).

5. The probe according to claim 1, wherein said first
pressurizing assembly (29, 129, 229) comprises a
cuff-like cushion coupled to a pneumatic drive se-
lectively operable to supply the controllably variable
pressure.

6. The probe according to claim 1, wherein said first
pressurizing assembly (29, 129, 229) comprises a
substantially flat balloon-like cushion coupled to a
pneumatic drive, the balloon-like flat cushion being
accommodated between the inner surface of the
upper clamping leg and a substantially flexible pad
contacting the patient's finger.

7. The probe according to claim 1, wherein said sec-
ond pressurizing assembly (22) comprises an air
cushion cuff-ring wrapping said location upstream
of the measurement location (L1), and a pneumatic
drive coupled to the cuff-ring so as to apply said
over-systolic pressure to the upstream location (L2).

8. The probe according to claim 7, further comprising
a substantially rigid connector (28) between the clip
member (16) and an element of the second pressu-
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rizing assembly (22) located at said upstream loca-
tion (L2) on the finger, the connector (28) being
adapted to engage the finger along its middle pha-
lanx and proximal intephalangeal joint, thereby pre-
venting it from folding during the measurements.

9. The probe according to claim 8, wherein said con-
nector allows for reciprocating movement of said el-
ement of the additional pressurizing assembly
along the finger with respect to the clip member
(16).

10. The probe according to claim 1, wherein said clip
member (16) is provided at the inner surface thereof
with a flexible member for wrapping the measure-
ment location (L1) of the finger, said flexible member
being made of a thermoconductive material for
heating said measurement location (L1) up to de-
sired temperature.

11. The probe according to claim 1, wherein said meas-
uring unit (20) and the pressurizing assemblies are
operated by a control system (14) having a proces-
sor (36) for receiving and analyzing data coming
from the measuring unit (20) and indicative of the
measured light response of the finger.

12. An optical measurement device for the non-inva-
sive measurement of blood parameters of a patient,
the optical measurement device comprising the
probe device (10, 100, 200) of claim 1 and a control
system (14) selectively operating each of the pres-
surizing assemblies, and selectively operating the
measuring unit (20), the control system (14) having
a processor (36) for receiving and analyzing the
measured data indicative of the light response of
the finger at the measurement location (L1).

Patentansprüche

1. Sonde (10, 100, 200) zur Verwendung bei nicht-in-
vasiven optischen Messungen eines Blutparame-
ters eines Patienten, wobei die Sonde (10, 100,
200) umfasst:

einen Fingerhalter (12, 112), der ein Klammer-
element (16) aufweist, das eine Fingerspitze
(F) zwischen seinen Klemmschenkel (16A,
16B) sichert,

wobei der Fingerhalter (12, 112) eine Mes-
seinheit (20) trägt, um optische Messungen an ei-
nem Messort (L1) an dem Finger auszuführen und
gemessene Daten zu erzeugen, die eine Lichtant-
wort des Fingers an dem Messort (L1) zeigen, und

eine erste druckbeaufschlagbare Baugruppe
(29, 129, 229), steuerbar, um einen kontrollierbar

variablen unter-systolischen Druck auf den Finger
in der Nachbarschaft des Messorts (L1) aufzubrin-
gen, und

eine zweite druckbeaufschlagbare Baugrup-
pe (22) trägt, steuerbar, um einen über-systolischen
Druck an einem Ort am Finger des Patienten strom-
aufwärts des Messorts (L1) bezüglich einer norma-
len Blutflussrichtung aufzubringen, um einen Zu-
stand eines Blutflussstillstands an dem Messort (L1)
zu erzeugen,
wobei die Vorrichtung dabei ausgelegt und steuer-
bar ist, um vorbereitende Messungen bei einem
kontrollierbar variablen unter-systolischen Druck
und keinem über-systolischen Druck zu ermögli-
chen, um einen optimalen Wert des unter-systoli-
schen Drucks auszuwählen, der für einen Patient
spezifisch ist, und dann Messungen bei dem opti-
malen unter-systolischen Druck an dem Messort
(L1) und dem über-systolischen Druck an dem
stromaufwärts gelegenen Ort (L2) zu ermöglichen,
um dadurch die Genauigkeit der Messungen zu
steigern.

2. Sonde gemäß Anspruch 1, wobei die erste druck-
beaufschlagbare Baugruppe (29, 129, 229) mit
Stellarmen des Klammerelements (16) verbunden
ist, um den Druck der Klemmschenkel (16A, 16B)
auf die Fingerspitze (F), die dazwischen gesichert
sind, kontrollierbar zu variieren.

3. Sonde gemäß Anspruch 1, wobei die erste druck-
beaufschlagbare Baugruppe (29, 129, 229) ein fal-
tenbalgähnliches Luftpolster umfasst, das an sei-
nen gegenüberliegenden Enden zwischen den
Stellarmen verbunden ist und an einen pneumati-
schen Antrieb gekoppelt ist, der selektiv steuerbar
ist, um einen kontrollierbar variablen Druck bereit-
zustellen.

4. Sonde gemäß Anspruch 1, wobei die erste druck-
beaufschlagbare Baugruppe (29, 129, 229) mit dem
Messort (L1) verbunden ist und auf der Innenseite
des Klammerelements (16) untergebracht ist.

5. Sonde gemäß Anspruch 1, wobei die erste druck-
beaufschlagbare Baugruppe (29, 129, 229) ein
manschettenähnliches Polster umfasst, das an ei-
nen pneumatischen Antrieb gekoppelt ist, der se-
lektiv steuerbar ist, um den kontrollierbar variablen
Druck bereitzustellen.

6. Sonde gemäß Anspruch 1, wobei die erste druck-
beaufschlagbare Baugruppe (29, 129, 229) ein im
Wesentlichen flaches ballonähnliches Polster um-
fasst, das an einen pneumatischen Antrieb gekop-
pelt ist, wobei das ballonähnliche flache Polster zwi-
schen der Innenfläche des oberen Klemmschen-
kels und einem im Wesentlichen flexiblen Feld an-
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geordnet ist, das den Finger des Patienten berührt.

7. Sonde gemäß Anspruch 1, wobei die zweite druck-
beaufschlagbare Baugruppe (22) einen luftgepol-
sterten Manschettenring umfasst, der den Ort
stromaufwärts des Messorts (L1) umwickelt, und ein
pneumatischer Antrieb an den Manschettenring ge-
koppelt ist, um den über-systolischen Druck auf den
stromaufwärts gelegenen Ort (L2) aufzubringen.

8. Sonde gemäß Anspruch 7, weiter umfassend ein im
Wesentlichen starres Verbindungsstück (28) zwi-
schen dem Klammerelement (16) und einem Ele-
ment der zweiten druckbeaufschlagbaren Baugrup-
pe (22), das an dem stromaufwärts gelegenen Ort
(L2) an dem Finger angeordnet ist, wobei das Ver-
bindungsstück (28) angepasst ist, um den Finger
entlang seines Mittelfingerglieds und proximalen In-
terphalangealgelenks zu erfassen, um ihn während
der Messungen vom Beugen abzuhalten.

9. Sonde gemäß Anspruch 8, wobei das Verbindungs-
stück eine Hin- und Herbewegung des Elements
der zusätzlichen druckbeaufschlagbaren Baugrup-
pe entlang des Fingers bezüglich des Klammerele-
ments (16) ermöglicht.

10. Sonde gemäß Anspruch 1, wobei das Klammerele-
ment (16) an der Innenfläche davon mit einem fle-
xiblen Element zum Umwickeln des Messorts (L1)
des Fingers versehen ist, wobei das flexible Ele-
ment aus einem wärmeleitenden Material herge-
stellt ist, um den Messort (L1) auf die gewünschte
Temperatur zu erwärmen.

11. Sonde gemäß Anspruch 1, wobei die Messeinheit
(20) und die druckbeaufschlagbare Baugruppen
von einem Kontrollsystem (14) gesteuert werden,
das einen Prozessor (36) aufweist, um Daten zu
empfangen und zu analysieren, die von der Mes-
seinheit (20) kommen und die gemessene Lichtant-
wort des Fingers zeigen.

12. Optische Messvorrichtung für die nicht-invasive
Messung von Blutparametern eines Patienten, wo-
bei die optische Messvorrichtung die Sonde (10,
100, 200) von Anspruch 1 und ein Kontrollsystem
(14) umfasst, das jede der druckbeaufschlagbare
Baugruppen selektiv steuert und die Messeinheit
(20) selektiv steuert, wobei das Kontrollsystem (14)
einen Prozessor (36) aufweist, um die gemessenen
Daten zu empfangen und zu analysieren, die die
Lichtantwort des Fingers an dem Messort (L1) zei-
gen.

Revendications

1. Un dispositif à sonde (10, 100, 200) destiné à être
utilisé dans des mesures optiques non-invasives
d'un paramètre sanguin d'un patient, ce dispositif à
sonde (10, 100, 200) comprenant : un porte-doigt
(12, 112) comportant un élément de pincement (16)
qui immobilise un bout de doigt (F) entre ses pattes
pinçantes (16A, 16B), et dans lequel le porte-doigt
(12, 112) supporte une unité de mesure (20) en vue
de procéder à des mesures optiques en un empla-
cement de mesure (L1) sur le doigt et à générer des
données numériques mesurées indicatrices d' une
réponse lumineuse du doigt à l'emplacement de
mesure (L1), et porte un premier ensemble de mise
sous pression (29, 129, 229) pouvant agir pour ap-
pliquer une pression sous-systolique variable de fa-
çon contrôlable au doigt au voisinage dudit empla-
cement de mesure (L1), et un second ensemble de
mise sous pression (22) pouvant agir pour appli-
quer une pression sur-systolique à un emplace-
ment du doigt du patient situé en amont par rapport
audit emplacement de mesure (L1) dans le sens de
l'écoulement normal du sang, de façon à créer un
état d'arrêt de l'écoulement du sang audit emplace-
ment de mesure (L1), le dispositif étant ainsi confi-
guré et utilisable pour permettre des mesures pré-
liminaires alors qu'il est à une pression sous-systo-
lique variable de façon contrôlable et pas à une
pression sur-systolique, de manière à sélectionner
une valeur optimale de la pression sous-systolique
pour un patient, puis à permettre des mesures alors
qu'il est à la pression sous-systolique optimale à
l'emplacement de mesure (L1), et la pression sur-
systolique à l'emplacement en amont (L2), de ma-
nière à augmenter ainsi la précision des mesures.

2. La sonde selon la revendication 1, dans laquelle le-
dit premier ensemble de mise sous pression (29,
129, 229) est associé à des bras manipulateurs de
l'élément de pincement (16) de manière à modifier
de façon contrôlable la pression des pattes de pin-
cement (16A, 16B) sur le bout de doigt (F) qui est
immobilisé entre elles.

3. La sonde selon la revendication 1, dans laquelle le-
dit premier ensemble de mise sous pression (29,
129, 229) comporte un coussinet pneumatique du
genre soufflet, qui est interconnecté à ses extrémi-
tés opposées entre les bras manipulateurs et qui
est réuni à un système d'entraînement pneumati-
que pouvant agir de façon sélective pour créer une
pression variable de façon contrôlable.

4. La sonde selon la revendication 1, dans laquelle le-
dit premier ensemble de mise sous pression (29,
129, 229) est associé à l'emplacement de mesure
(L1), et installé sur le côté intérieur de l'élément de
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pincement (16).

5. La sonde selon la revendication 1, dans laquelle le-
dit premier ensemble de mise sous pression (29,
129, 229) comporte un coussinet du genre man-
chette, qui est réuni à un système d'entraînement
pneumatique pouvant agir de façon sélective pour
créer la pression variable de façon contrôlable.

6. La sonde selon la revendication 1, dans laquelle le-
dit premier ensemble de mise sous pression (29,
129, 229) comporte un coussinet du genre ballon
pratiquement plat réuni à un système d'entraîne-
ment pneumatique, le coussinet du genre ballon
étant installé entre la surface intérieure de la patte
de pincement supérieure et un tampon relativement
souple contenant le doigt du patient.

7. La sonde selon la revendication 1, dans laquelle le
second ensemble de mise sous pression (22) com-
porte un coussinet pneumatique enveloppant circu-
lairement à la manière d'une manchette ledit em-
placement en amont de l'emplacement de mesure
(L1), et un système d'entraînement pneumatique
réuni à la manchette de manière à appliquer ladite
pression sur-systolique à l'emplacement amont
(L2).

8. La sonde selon la revendication 7, comprenant au
surplus un connecteur pratiquement rigide (28) pla-
cé entre l'élément de pincement (16) et un élément
du second ensemble de mise sous pression (22)
situé audit emplacement amont (L2) sur le doigt, ce
connecteur étant prévu pour venir au contact du
doigt sur sa phalange médiane et son articulation
interphalanges proximale, de manière à l'empêcher
ainsi de se plier au cours des mesures.

9. La sonde selon la revendication 8, dans laquelle le-
dit connecteur autorise un mouvement de va-et-
vient dudit élément de l'ensemble de mise sous
pression additionnel sur le doigt par rapport à l'élé-
ment de pincement (16).

10. La sonde selon la revendication 1, dans laquelle le-
dit élément de pincement (16) comporte sur sa sur-
face interne un élément souple destiné à envelop-
per l'emplacement de mesure (L1) du doigt, ledit
élément souple étant réalisé en un matériau ther-
mo-conducteur, de manière à échauffer ledit empla-
cement de mesure (L1) jusqu'à la température dé-
sirée.

11. La sonde selon la revendication 1, dans laquelle la-
dite unité de mesure (20) et les ensembles de mise
sous pression sont commandés par un système de
contrôle (14) comportant un processeur (36) desti-
né à recevoir et à analyser les données numériques

en provenance de l'unité de mesure (20) et à indi-
quer la réponse lumineuse mesurée du doigt.

12. Un dispositif de mesure optique destiné à la mesure
non-invasive de paramètres sanguins d'un patient,
ce dispositif de mesure optique comprenant le dis-
positif à sonde (10, 100, 200) de la revendication 1,
et un système de contrôle (14) commandant sélec-
tivement chacun des ensembles de mise sous pres-
sion et commandant sélectivement l'unité de mesu-
re (20), ce système de contrôle (14) comportant un
processeur (36) recevant et analysant les données
numériques mesurées indiquant la réponse lumi-
neuse du doigt à l'emplacement de mesure (L1).
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