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Description

Technical Field

[0001] The invention relates to a method for the in-vivo measurement of at least one physiological parameter of tissue
by means of a semiconductor light source and of a light detector. In particular, the invention relates to a method for
measuring a parameter that affects concentration of blood constituents, in particular different forms of hemoglobin. The
invention also relates to a device of this type.

Background Art

[0002] It has been known to measure blood content and also blood oxygenation from the absorption spectrum of skin
measured in reflection or transmission. A corresponding methods are extensively covered e.g. in corresponding collec-
tions Berardesca1995, Serup2006 (see section "further references" at the end of this text) and the references therein.
[0003] For example, it has been known to measure blood oxygenation by measuring tissue spectrum with a broad
band source [Osawa 1993, Feather1989, Liu1995] or at several wavelengths in the visible and infrared spectral range
[Nitzan2009, Diffey1984, Sinichkin2002].
[0004] More details on a conventional spectroscopic approach for measuring blood content are given in the section
"conventional approach" below.
[0005] US 6 802 812 describes a NIR spectrophotometer for measuring physiological parameters in human tissue,
and it is proposed, i.a., to vary the wavelength of the semiconductor light source by varying the temperature of or current
through the light source.

Disclosure of the Invention

[0006] It is a general object of the present invention to provide a simple method and device that allow accurate spectral
measurements of the type above.
[0007] This object is achieved by the method and device according to the independent claims.
[0008] Accordingly, the method is based on using a device having a semiconductor light source and a light detector.
The method comprises the following steps:

a) placing said light source and said light detector such that said light detector measures an amount of light transmitted
from said light source through said tissue,
b) operating said light source under a first condition where it has a first temperature, and determining a first attenuation
signal by means of said light detector,
c) operating said light source under a second condition where it has a second temperature different from the first
temperature, and determining a second attenuation signal by means of said light detector,
d) determining said parameter using said first signal and said second attenuation signal.

[0009] In other words, the optical attenuation of light in the tissue is measured using a light source that is operated
under at least two operating conditions. Under the different operating conditions, the semiconductor light source has
different temperatures. Since the wavelength of a semiconductor light source depends on temperature, the two or more
attenuation signals correspond to different optical wavelengths or spectra. Hence, the present procedure allows to
measure the optical attenuation of the tissue at different wavelengths, which allows to carry out a spectroscopic meas-
urement. However, since both measurements are carried out with the same light source and detector, they share the
same interaction volume with the tissue, in contrast to conventional methods where several light sources of different
wavelengths are used, which gives rise to errors due to differing volumes of interaction. Also, since the device can carry
out a measurement with only one light source, it can be cheaper. (Albeit a device according to the invention can also
use several light sources for carrying out several separate measurements.)
[0010] The desired parameter can e.g. be any parameter depending on tissue blood perfusion, such as the blood
concentration or blood volume in the tissue, or it can be a parameter depending on blood oxygenation, or it can be a
value derived from such parameters, such as a heart beat rate. It can be calculated from the measured attenuation
signals by means of a theoretical, empirical or semi-empirical model that links the attenuation signals to the parameters.
[0011] In an advantageous model, the parameter is determined using the attenuation signals and calibration data,
wherein the calibration data was obtained in a calibration procedure. Such a calibration procedure typically comprises
the following steps:

- Performing a series of calibration measurements for different states of said tissue. At least some of these states
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should correspond to different values of the parameter to be measured. For each calibration measurement, the
attenuation signals are recorded by means of the light detector and the value of the parameter is recorded by means
of a reference method. The reference method can be any method capable of measuring the parameter, such as a
conventional method.

- Using multiple regression for determining the calibration data using then the recorded attenuation signals as inde-
pendent variables and the recorded values of the parameter as dependent variable.

[0012] To create different operating conditions of the light source, which correspond to different temperatures within
the light source, the current through the light source is varied in order to create the different operating conditions.
[0013] The method further comprises the step of switching the current through the light source from a first level to a
second level, with the two levels being different. The first level can e.g. correspond to zero current, while the second
level can correspond to the operating current for the light source. At least part of the attenuation signals are determined
at different times after switching the current but while the light source has not yet reached thermal equilibrium. In other
words, the measurements are carried out while the light source is heating up. For many light sources, the best time to
carry out at least part of the measurements is within 1 second from switching the current because the temperature
changes rapidly during this time.
[0014] In addition, for many applications; the measurements of tissue microcirculation should, , be performed within
a fraction of a single heart beat. For LEDs sufficient temperature change can be achieved within 100 milliseconds from
switching on the current which is within the typical period of heart beat of around 1 second. Therefore, advantageously
the measurements are carried out within 100 milliseconds from switching the current.
[0015] The present method is especially suited for measuring blood perfusion or blood oxygenation.

Brief Description of the Drawings

[0016] The invention will be better understood and objects other than those set forth above will become apparent when
consideration is given to the following detailed description thereof. Such description makes reference to the annexed
drawings, wherein:

Fig. 1 shows a sectional view of an embodiment of a device,
Fig. 2 shows a block circuit diagram of the device of Fig. 1,
Fig. 3 shows the intensity change and corresponding change of temperature of a type A LED,
Fig. 4 shows the intensity change and corresponding change of temperature of a type B LED,
Fig. 5 shows the wavelength change as a function of temperature of a type B LED,
Fig. 6 shows the wavelength change as a function of temperature of a type A LED,
Fig. 7 shows the emission spectrum of a cold and a hot type A LED as well as the absorptivity of blood and background
tissue,
Fig. 8 shows the emission spectrum of a cold and a hot type B LED as well as the absorptivity of blood and background
tissue,
Fig. 9 shows the classical perfusion index versus the tuned perfusion index and a linear fit through the data,
Fig. 10 shows the changes in the classical perfusion index (gray curve) and the tuned perfusion index (black curve)
during a measurement,
Fig. 11 shows the absorption spectra of oxyHb, rHb, and melanin,
Fig. 12 shows tPI vs. StO2 and tHb concentration for type B LED,
Fig. 13 shows tPI vs. StO2 and tHb concentration for type A LED,
Fig. 14 shows tPIversus StO2 from Figs. 11 and 12 for type A and B LEDs,

Fig. 15 shows  from Figs. 11 and 12 for type A and B LEDs, where  is a basal total haemoglobin
concentration under normal physiological conditions,
Fig. 16 shows the spectral tuning of a type B LED (leftmost line - cold state (initial state after switching on), middle
line - an intermediate state, rightmost line - hot state), while the absorption spectra are those of oxyHb and rHb,
Fig. 17 is an illustration of cthb (top graph) and StO2 (bottom graph) fits with the data measured by the device for a
single experiment,
Fig. 18 shows the data merged from several oxygenation measurements (left plot): gray curve - reference data,
black curve - results obtain with multiple regression fits using the data measured by the device; right plot shows the
cross-plot of the same data,
Fig. 19 shows a table of the fitting results underlying the regression used for Fig. 18,
Fig. 20 shows the data merged from several oxygenation measurements using three LEDs with different mean
wavelengths: left plot, gray curve - reference data, black curve - results obtained with multiple regression fits using
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the data measured with the LEDs; right plot shows the cross-plot of the same data.

Modes for Carrying Out the Invention

Definitions:

[0017] "Blood perfusion" designates any measure that describes the amount of blood in a given region of body tissue.
It may e.g. be described by molar hemoglobin concentration per tissue volume.
[0018] oxyHb designates oxygenated hemoglobin, i.e. hemoglobin with an oxygen attached, the corresponding con-
centration defined as coxyHb
[0019] rHb designates reduced hemoglobin, i.e. hemoglobin without oxygen, the corresponding concentration is CrHb
[0020] Hb and tHb designate hemoglobin of any form, i.e. the total amount of hemoglobin, the corresponding concen-
tration is ctHb = coxyHb + crHb.
[0021] StO2, or tissue oxygenation, is the percentage of oxygenated hemoglobin in the total hemoglobin mass, including
venous, arterial and capillary blood. It is defined in the following way StO2 = coxyHb / cthb ∗ 100%
The arterial blood oxygenation SaO2 is typically around 95 - 97%, while StO2 in the skin is around 30 - 40 %.
[0022] Conventional spectroscopic approach:
Below we describe the spectroscopic approach for measuring blood perfusion (blood concentration) using measurements
with two probing wavelengths.
[0023] The absorption of light in an absorbing compound having a given concentration c is given by the exponential
Beer-Lambert law 

with I0 being the original intensity prior to absorption, l the length traversed by the light, c the concentration of the
absorbing compound, ε its absorptivity, and I the exiting intensity.
[0024] The attenuation A is given by 

[0025] Hence, the concentration can be calculated from the attenuation by 

[0026] When the attenuation is not only defined by the single substance of interest (hemoglobin Hb), but is also due
to other absorbers, scattering, loss of intensity due the Fresnel reflections on the interfaces etc., which we will call
background attenuation Abk, total attenuation is the sum of both 

[0027] If Abk can be assumed to be stable in time, while concentration c is evolving, the concentration change Δc can
be extracted from the difference ΔA in attenuation with 

[0028] However in real-life conditions, if the sample under study is composed of a complex set of various compounds,
background attenuation might evolve as well and thus attenuation change in time can not be attributed solely to the
substance of interest (hemoglobin).
[0029] Since the absorptivity ε is the wavelength dependent, Eq. (4) becomes 
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[0030] In Eq. (7) we assumed that the path length l does not depend on the wavelength λ, but the background attenuation
Abk does. One can perform measurements on a set of several wavelengths in order combine the information and extract
concentration of the substance of interest. For example, if the wavelengths λ1 and λ2 are chosen in such a way that the
difference in light attenuation by the hemoglobin is large, i.e. 

while the attenuation difference of the background is small 

we obtain 

[0031] In this case λ1 is often called the signal wavelength, since it has the highest sensitivity to the compound
concentration, while λ2 is called the reference, since is serves to characterize the background attenuation.
[0032] The difference A(λ1) - A(λ2) is called the perfusion index PI, i.e. 

[0033] In the conventional multi-source technique of the diffuse reflectance spectroscopy, the wavelengths of 568 and
798 nm have been chosen in the previous studies for the characterization of blood content in the skin (Zakharov, et. al.,
"A wearable diffuse reflectance sensor for continuous monitoring of cutaneous blood content". P. Zakharov, M. S. Talary
and A. Caduff, Phys Med Biol. 2009, 54(17): 5301-20). This set-up has demonstrated high sensitivity and specificity to
blood content. However, such an arrangement requires two separate light-emitting diodes (LED) of significantly different
wavelengths. A two-LEDs-system has the disadvantage of being technologically more complex than a single-LED system
and one cannot be sure that both wavelengths are probing the same tissue volume. The disadvantage of the high
wavelength separation of the signal and reference wavelengths is that the differences in the background attenuation
can become significant and thus its impact can not be completely eliminated from the signal. Another problem is the
more pronounced difference in the light path length in the tissue l(λ1) ≠ l(λ2) due to the different absorption efficiency in
the tissue of the different wavelengths.
[0034] For this reason, the present invention uses a different solution that can operate on a single light source. This
approach is described in the following.
[0035] The device:
Fig. 1 shows a device having a housing 1 to be attached to a body part 2, such as an arm or a leg, e.g. by means of a
wristband 11. The device contains a power supply 3 as well as a circuit board 4 carrying various circuitry 5 and an optical
sensor 6. Optical sensor 6 comprises at least one monolithic semiconductor light source 7 as well as a light detector 8,
e.g. arranged in a common enclosure 9 and cast into resin 10 transparent for the wavelengths emitted by light source
7. Optical sensor 6 is arranged at the side of housing 1 that faces body part 2, such that light emitted by light source 7
enters the tissue of body part 2, where it is transmitted and scattered. Part of the light from light source 7 propagates
through the tissue to be diffusively reflected back into optical sensor 6, where it is detected by optical detector 8. A non-
transparent barrier 12 between light source 7 and light detector 8 prevents light of light source 7 from arriving at light
detector 8 without having passed through the tissue of body part 2.
[0036] The optical sensor can e.g. be of the design described in US 7 030 359.
[0037] The device further comprises a temperature sensor 13 that is in thermal contact with body part 2 and adapted
to measure the skin temperature Ts of the body part, which also defines the equilibration temperature of the LEDs.
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[0038] A circuit block diagram of the device of Fig. 1 is shown in Fig. 2. The device comprises a control unit 14, such
as a suitably programmed microprocessor connected to a memory 16 and an input/output device 18. Memory 16 holds
program code and data for control unit 14. Input/output device 18 contains e.g. a display 18a as well as one or more
user-operatable controls, such as buttons 18b, and/or interface circuitry 18c for connecting the device to a remote
computer.
[0039] As can also be seen in Fig. 2, control unit 14 is connected to light source 7 via a driver unit 20, such as an
amplifier, thus that control unit 14 is able to vary the current through light source 7, e.g. for switching light source 7 on
and off.
[0040] The signal from light detector 8, which may e.g. be a PIN-diode, is fed through an amplifier 22 and A/D-converter
23 to control unit 14.
[0041] The elements shown in circuit block diagram 2 are powered by power supply 3.
[0042] In the following description, reference is made to two types of light sources. A first type of light source, called
"type A light source", is a LED light source with a steady state mean wavelength of around 578 nm, such as AllnGaP -
based chip produced by EPIGAP Optoelektronik GmbH (Germany). This type of LED is optimized for tHb concentration
measurements.
[0043] A second type of light source, called "type B light source", is a LED light source with a steady state mean
wavelength of around 571 nm made with the same technology, also produced by EPIGAP Optoelektronik GmbH (Ger-
many). It must be noted, though, that the invention is not limited to these two types of light sources. Light source 7 can
also be any other type of LED , semiconductor laser diode (LD), superluminescent diode (SLD) any other type of sem-
iconductor light source. This type of LED is optimized for the tissue oxygenation measurements.
[0044] Most of the measurements on these LEDs were carried out in "cold" and "hot" state. In the cold state, right after
being switched on, type A LED had a mean wavelength of 577.52 nm, and in hot state 578.07 nm, corresponding an
estimated temperature difference ΔT of 6.88 °C between cold and hot state. Type B LED had a mean wavelength of
570.31 nm in cold state and of 571.18 nm in hot state, corresponding to ΔT = 10.23.
[0045] Light detector 8 can be any suitable light sensor being sufficiently sensitive at the spectrum emitted by light
source 7 and sufficiently fast for the described purpose.
[0046] The device may further be equipped with a monitoring unit 19 adapted to directly determine the light intensity
emitted by light source 7. Monitoring unit 19 can be a light detector arranged to directly receive light from light source
7, i.e. to receive light from light source 7 that has not passed via body part 2. Alternatively, monitoring unit 19 may be a
temperature sensor in thermal contact with light source 7. With any such monitoring unit 19, changes of the light intensity
emitted by light source 7 can be detected, either by direct measurement (if monitoring unit 19 is a light detector) or by
means of a conversion table or conversion circuitry (if monitoring unit 19 is a temperature sensor). Using a temperature
sensor instead of a light source as monitoring unit 19 is possible because changes in temperature are the main factor
affecting the intensity emitted by light source 7.
[0047] The signal from monitoring unit 19 is fed through an amplifier 30 and A/D-converter 31 to control unit 14.

Mode of operation:

[0048] In a first embodiment, control unit 14 repetitively switches light source 7 on and off, leaving sufficient time
between on-states for an at least partial or substantially complete cooling of light source 7, while the duration of an on-
state is sufficient to heat up the light source at least partially or, advantageously, until it reaches thermal equilibrium.
When current is switched on, light source 7 starts to emit light while its temperature increases. This, in turn, leads to a
shift of the spectrum of the light emitted by light source 7 to longer wavelengths, thus that measurements at different
wavelengths can be carried out while light source 7 is heating up.
[0049] While light source 7 is heating up, control unit 14 records the intensity signal I from light detector 8 at least at
two different times, advantageously at more than two different times, which allows to carry out a several measurements
corresponding to different emission spectra of light source 7.
[0050] In a second embodiment, instead of switching light source 7 on and off, it may also be operated with at least
two different non-zero currents. Since the currents give rise to different temperatures in light source 7, this again allows
to perform measurements with different emission spectra. The two or more different currents can be generated by
interposing a D/A-converter between control unit 14 and driver 20. Alternatively, the currents can be generated using
pulse width modulation, i.e. by pulsing the current with a pulse rate much faster than the thermal inertia of light source 7.
[0051] Alternatively, in a third embodiment, a heater 26 could be provided in thermal contact with light source 7 and
driven by a driver 27, which allows to adjust the temperature of light source 7 without varying the current through light
source 7.
[0052] If the device is equipped with a monitoring unit 19 as described above, a factor α for the intensity I0 emitted by
light source 7 is generated from the signal of monitoring unit 19. Factor α accounts for variations in emitted baseline
intensity, which can be caused e.g. by long-term effects of light-source aging or short-term variations caused by the
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changes of the baseline source temperature.
[0053] In practice, this requires the signal from light detector 8 to be scaled, in particular divided, by the factor α in
order to correctly relate the measured intensity signal I to the emitted intensity I0 and, correspondingly, attenuation A .
[0054] In the following further description, unless noted otherwise, it is assumed that the device is operated according
to the above first embodiment.

Wavelength tuning:

[0055] As mentioned, when the temperature of light source 7 changes, its spectrum varies. In addition to this, the
emission intensity of the of light source 7 varies as well. This is illustrated in Figs. 3 - 6.
[0056] Figs. 3 and 4 show the changes in intensity I(t) and temperature of type A and B LEDs with time t after switching
them on with a current of 20 mA. I(0) designates the intensity at the initial stage at t=0. As can be seen, intensity decreases
while temperature increases. This effect should be taken into account for improved signal accuracy, see below.
[0057] Figs. 5 and 6 show the change of the mean wavelength of type A and B LEDs as a function of temperature.
As can be seen, the wavelength shift is in the order of 1 nm for 10°C.
[0058] Figs. 7 and 8 show the emission spectra of type A LED (Fig. 7) and type B LED (Fig. 8) in cold and hot state,
together with the absorption spectrum of blood as well as the absorption spectrum of the rest of the near-surface body
tissue.
[0059] In order to accommodate for the temperature dependence of the intensity, the device can be calibrated as follows:

1. The device is brought into contact with a "white" non-absorbing diffuser having wavelength-independent scattering
properties (in the spectral region of light source 7) similar to the scattering of body tissue. For example, such a
diffuse can be a reflection standard made of Spectralon or Teflon. The diffuser is arranged such that light from light
source 7 enters the diffuser and is scattered to arrive at light detector 8.
2. The current through the light source is switched on at a time 0.
3. At times t1, t2, ... tN with N > 1 the signal Ir(ti) of light detector 8 is recorded. At least the first time t1 should be
shortly after time 0, in particular within 1 second or less after time 0, such that the temperature at time t1 is not yet
in its steady state (cf. Figs. 3 and 4). This allows to determine a reference response Ir(t) for at least some discrete
times t or operating conditions (temperatures T) of the device. This reference response describes the behavior of
the intensity signal of light detector 8 when operating the device on a body whose reflectivity from light source 7 to
light detector 8 does not depend on the used wavelength of light source 7.

[0060] In more general terms, a reference signal Ir(T) of the is determined for each operating condition or temperature
T to be used later. The reference signal Ir(T) corresponds to the intensity signal measured by light detector 8 if the light
from light source 7 operating under the given operating condition T is reflected into said light detector by means of a
body whose reflectivity does not depend on the wavelength of light source 7, i.e. whose spectral response is flat over
the used wavelength range.
[0061] When the device is now brought into contact with living skin for measurements, the signal I(T) from light detector
8 (which has already been divided by correction factor α if a monitoring unit 19 as described above is used) is divided
by the corresponding value of the white body response Ir(T) at the same time or temperature T, and the inversed logarithm
of the resulting quotient is a light attenuation A(T) according to eq. (2), at the given time or temperature.
[0062] For example, when switching on the light at a time 0 and measuring at the times t1, t2, ... tN with N > 1, the
attenuation or attenuation signal is given by 

[0063] This value describes the optical attenuation caused by the body tissue.
[0064] In this arrangement, factor α can be obtained by a monitoring unit 19 only once at some predefined stage of
the source equilibration (e.g. before or after measurements of the main signal). Alternatively, it can be obtained for all
time points ti, i=1..N, when the main signal is measured and in this way each of N intensity measurements is compensated
separately.
[0065] The different times ti correspond to different temperatures Ti of light source 7 and therefore to different states
or wavelengths of the light source. In the following, we therefore also write λi or Ti instead of ti for designating the mean
wavelength λi or light source temperature Ti at the time ti.
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Measuring blood perfusion:

a) Theory

[0066] As can be seen from Figs. 7 and 8, the typical LED has a broad emission spectrum (compared to the changes
of absorptivity of blood over wavelength), and the wavelength change caused by warming up can be relatively small,
thus the overall change in the spectrum has to be analyzed using integration over the involved spectral range. If the

LED emission at the time point t after switching-on is described by the power density  where 
its attenuation can be written as follows (neglecting the spectral response function of the detector): 

[0067] We expect that the emission spectrum  immediately after switching on ("cold" state) and after the LED

has warmed up  ("hot" state) are different, thus by comparing attenuation at these two states we can extract
the wavelength-resolved information 

 wherein tPIis further referred as the "tuned perfusion index". The factor 4.342 was added to Eq. (21) for the conversion
of the logarithm bases. As it will be clear to the skilled person, though, any other factor can be used as well.
[0068] tPI is a measure of the blood concentration c or, equivalently, of blood perfusion, just as the classic perfusion
index PI of Eqs. (10) and (11).
[0069] Using the known absorption spectra of oxygenated and non-oxygenated hemoglobin as well as the emission
spectra of the light sources, the value of tPI can be calculated from Eq. (21). The result of this calculation is shown in
Fig. 12 (type A LED) and 13 (type B LED).
[0070] Figure 14 and Figure 15 are sectional views of Figs. 12 and 13, and they demonstrate the simulated response
of the tPIto the changes in StO2 and ctHb of type A and B LEDs. As it can be seen both LEDs have the similar sensitivity
to the perfusion change, while the response of type B LED to oxygenation is significantly higher (Fig. 14).

b) Experiments

[0071] In order to verify that tPI is a good replacement for the classically used perfusion index PI, a test measurement
as shown in Figs. 9 and 10 was carried out. The tests measurement was carried out with a classical detector having
two LED light sources at 568 and 798 nm as well as with a device according to the present invention using a single LED
operating at 578 nm (type A LED). The light source of the single LED device was operated by applying current pulses
of 20 mA during 100 ms with current-less pauses of 50 ms between the pulses. The attenuation was measured by
averaging during a first period between 0 - 50 ms and by averaging during a second period between 50 -100 ms after
start of each current pulse.
[0072] The experiment started at 14:30 with both devices as well as with an unpressurized cuff applied to the arm of
a user. At 14:50 the cuff was pressurized to 60 mmHg in order to create venous but not arterial occlusion. At 14:55 the
cuff was depressurized. Hence, an increased amount of venal blood was present at the time interval between 14:50 and
14:55. At 15:00 the cuff was pressurized to 220 mmHg, thereby creating venous and arterial occlusion. This caused
blood oxygenation to drop. At 15:05 the cuff was depressurized, which caused reactive hyperemia in the tissue.
[0073] The gray curve in Fig. 10 shows the classic profusion index PI, while the black curve shows the tuned profusion
index tPI. As can be seen, there is an excellent match between the two values until 15:00, which indicates that tPI is as
good a measure of blood perfusion as PI. This is also illustrated in Fig. 9, which shows PI vs. tPI for the experiment of
Fig. 10, showing the strong correlation between the two parameters.
[0074] Figs. 9 and 10 show that wavelength tuning provides an efficient means for measuring blood perfusion.
[0075] The deviations of the curves at times after 15:00 are caused by the change of the absorption spectrum of blood
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as oxygenation changes. This is due to the fact that reduced hemoglobin and oxygenated hemoglobin have different
absorption spectra, see Fig. 11.
[0076] tPI can be used to derive other parameters. For example, since blood perfusion and therefore tPIvaries with
the heart beat rate, recording a time series of tPI or its underlying signals allows determining the heart beat rate.

c) Generalization

[0077] In general, in order to measure blood perfusion or any other parameter equivalent to blood perfusion or derived
from blood perfusion, such as hemoglobin concentration per tissue volume or the heart beat rate, the following steps
have to be carried out:

1) A light source and a light detector are placed in contact with the tissue in such a manner that the light detector
measures the amount of light transmitted from the light source through the tissue to the light detector.
2) The light source is operated under a first condition where it has a first temperature, such as the operation of the
light source at a time t1 shortly after switching the light source on. A first signal, such as A(t1), is measured by means
of the light detector.
3) The light source is operated under a second condition where it has a second temperature different from the first
temperature, such as the operation of the light source at a time t2 > t1, and a second signal, such as A(t2), is measured
by means of the light detector.
4) The at least two signals are combined in order to determine the parameter. This can e.g. occur by calculating the
difference of the two signals, i.e. by calculating A(t1) - A(t2) (or, equivalently, any value depending on this difference,
such as a multiple of this difference, or any other mathematical function of this difference).
5) The result of step 4 can then be used to derive the desired parameter, such as blood perfusion, e.g. using
calibration data stored in memory 16, such as a look-up table or a parameterized function.

[0078] The calibration data mentioned for step 5 can e.g. be obtained using calibration measurements, e.g. by meas-
uring the desired parameter with a conventional reference method and by using multiple regression analysis for obtaining
the calibration data. During the multiple regression, the attenuation signals A(t1), A(t2) are used as independent param-
eters, while the values of the parameter obtained by the reference method are used as a dependent variable. The model
used during regression can be a simple linear model, albeit more elaborate models may be used as well.
[0079] In order to improve measurement accuracy, the skin temperature Ts as measured by temperature sensor 13
can be used as a further input signal (and a further independent signal during regression). Similarly direct measurements
of the light intensity emitted by the source (LED) can be performed with the dedicated monitoring detector, for example
monitoring PiN diode, placed in the vicinity of the LED in order to collect the light directly from the LED without passing
through the tissue.
[0080] If the desired parameter requires repetitive measurements (such as for determining the heart beat rate), above
steps 2 to 4 are repeated, and the blood perfusion or the raw signals or their difference is recorded for each step 4,
together with the time of the measurement. The time series generated in this manner is then analyzed for determining
the desired parameter. The heart beat rate, for example, can be determined by calculating the distances between
consecutive peaks in blood perfusion.
[0081] For increased accuracy, the light source can also be operated under N > 2 conditions corresponding to further,
different temperatures. At each condition, a signal A is measured by means of light detector 8. In particular, in pulsed
operation of the light source, measurements can be carried out at N > 2 times after switching the light source on. In that
case there are more measurements than unknowns, which allows to further increase accuracy of the results. Again,
multiple regression analysis can be used to determine the calibration data.
[0082] As mentioned, steps 2 to 4 can be repeated in order to sample the signals at the different phases of the heart
or breath cycles and reduced the noise by averaging those measurements.

Measuring blood oxygenation:

a) Theory

[0083] If oxygenation of the blood has to be determined, two substances with unknown concentration are involved
(oxyHb and rHb), which contribute to the blood attenuation AHb = AoxyHb + ArHb, and an unknown background attenuation
Abk . In this way the total attenuation is defined as follows 
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[0084] In order to find the three unknowns, one should measure at least at three wavelengths λ1, λ2, and λ3. Using
Eq. (2): 

[0085] Here we make an assumption that the path length l and background attenuation are wavelength independent
- this corresponds to the assumption that the differences between the wavelengths λ1, λ2, and λ3 are small. Eq. (31)
form a linear system, which can be solved in respect to oxygenation and concentrations of oxyHb and rHb.
[0086] In practical applications, instead of using an accurate theoretical model, however, regression of a parameterized
empirical or semi-empirical model can be used as well, e.g. multiple linear regression as described in the next section.
[0087] Fig. 16 depicts three spectra of a type B LED obtained at different stages of warming up. One can appreciate
that, with the warming up of the LED and with the shift of the central wavelength towards the higher wavelengths,
absorption of oxyHb is increasing, while absorption of rHb is decreasing. Due to the broad spectrum of the LED the
exact changes of the absorption of the light is difficult to quantify. Therefore, the coefficients for the estimation of StO2
from the measured attenuation signals A(λ1), A(λ2), A(λ3) can best be found by means of multiple regression analysis.
For this purpose, calibration measurements are carried out, during which oxygenation-changing procedures are applied
to the user while A(λ1), A(λ2), A(λ3) are measured together with the value of StO2. For measuring the value of StO2 a
reference method is used. Multiple regression analysis can then be carried out for correlating the measured attenuation
signals A(λ1), A(λ2), A(λ3) with StO2.
[0088] Additionally, time-resolved measurements can be performed, with the measurement cycle repeated continu-
ously. In this way the pulsation wave can be analyzed which allows to study the blood volume changes associated with
the arterial blood. This approach is similar to the conventional photoplethysmography employing at least two light sources
with distinctive wavelengths and allows to estimate the oxygenation of the arterial and venous blood separately.

b) Calibration

[0089] As a reference method, full-range optical reflection spectroscopy with a broad white light source can, for example,
be used. In this case the measured spectrum can be fitted with the known spectra of skin chromophores and the
corresponding concentration can be extracted. The StO2 then can be easily calculated from the concentrations.
[0090] The device of the present invention is applied to an arm of the user for measuring the attenuation signals A(λ1),
A(A2), A(λ3). Close to this device, the fiber end of a spectrometer is applied to the user’s arm for carrying out the reference
measurements of StO2. Further, a cuff is applied to the user’s arm in order to generate arterial and venous occlusion of
the arm as described in the following.
[0091] During calibration, an arterial occlusion is caused, followed by a venous occlusion. During an arterial occlusion
the inflow of arterial blood and outflow of the venous blood are blocked, which results in the continuous reduction of the
oxyHb content in the tissue. At the same time total blood volume (perfusion) might decrease or increase. After releasing
the pressure, reactive hyperemia occurs, which leads to an increase of the blood amount, and of oxyHb in particular,
which leads to elevated levels of StO2.
[0092] During the venous occlusion only the venous outflow is impeded, which results in an accumulation of the rHb
content and a decrease of the tissue oxygenation.
[0093] The experimental protocol consisted of the following steps with duration of approximately 4 minutes each:

1. equilibration stage
2. arterial occlusion
3. reactive hyperemia and equilibration
4. venous occlusion
5. equilibration stage

[0094] The measurements were performed on the lower left arm, while the pressure cuff was fixed on the upper left arm.
[0095] The optical fibers for the reference spectroscopy were placed close to the device according to the invention in
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order to minimize effects of skin heterogeneity. Reference measurements were carried out in parallel with the measure-
ments of the device.
[0096] Five experiments were performed in total on different points of the lower arm on different days in order to include
variability of skin conditions.
[0097] Linear multiple regression analysis using the signals from the device as independent variables and StO2 from
the spectrometer as dependent variable was carried out.
[0098] In addition to the attenuation signals A(λ1), A(λ2), A(λ3), the skin temperature Ts measured by the device was
used as a fourth independent variable, and the negative logarithm the emitted intensity correction factor α measured by
the monitoring device 19 was used as fifth independent variable.
[0099] Fig. 17 shows the result of this procedure for a single measurement cycle for the determination of StO2 and
tHb concentration, both by means of the reference method (gray line) and the device (black line). As can be seen, there
is an excellent correspondence of the two signals.
[0100] We have observed high reproducibility of the reference StO2 measurements from one experiment to another,
which can be seen in the left graph of Fig. 18, where all the accumulated StO2 data is merged into one continuous curve.
The standard deviation of the total StO2 change is 12.6%. The data obtained by means of the device of the present
invention is represented in the same graph. The cross plot at the right of Fig. 18 shows the strong correlation between
the reference signal and the measured signal.
[0101] The fit parameters obtained by the multiple regression analysis are shown in Fig. 19. As one can see from the
r-values in Fig. 19, the attenuations of the wavelengths λ1, λ2, λ3 are the most important independent values in the
model. In fact, if the model is reduced to only those three signals, the R2 decreases only moderately to 0.602. The
monitoring diode and skin temperature signals help to account for the variations of the outside temperature and the
attachment of the sensor.
[0102] The signs of the coefficients for A(λ3) and A(λ1) suggest that a higher attenuation of the hot signal A(λ3) in
respect to cold A(λ1) indicates higher oxygenation. This is in a full agreement with the discussion above.
[0103] To demonstrate the high quality of the results obtained by the present device, an alternative device having
three differently colored LEDs (green, red and infrared) was used during the same experiments.
[0104] Fig. 20 presents the performance of the alternative device using signals from the green, red and infrared diodes,
as well as skin temperature. The R2 obtained by fitting the data of the alternative device is 0.468 (RMS error=9.2 %),
which is even smaller than for the present device using only the attenuations for hot, cold and reference conditions.
[0105] The fact that the present device has a higher predictive power for the tissue oxygenation than the alternative
device proves that the proposed wavelength tuning is a technique well suited for measuring tissue parameters.
[0106] It should be noted that the red and infrared wavelengths often used in conventional clinical oximeters are not
well suited for the reflectance oximetry, which is indicated by unsatisfactory performance of the alternative device using
these signals. This may be due to the high range of the blood perfusion changes which is known to affect red-infrared
oximetry.
[0107] In general, the discrepancy in the oxygenation estimation even with the best tunable model can be attributed
to the non-uniformity of the perfusion and oxygen distribution in the arm and differences in the attachment of the reference
fiber probe and the device. For example, different pressures of the reference probe and the device can lead to a different
blood amount under both sensors, as well as to different oxygenation. Another reason for difference may be due to the
different depths probed with device and reference probe, due to slight different source-detector distances.

Notes:

[0108] When measuring blood oxygenation or any other parameter indicative of the ratio between oxygenated and
non-oxygenated hemoglobin, the measurement should be carried out in a spectral region where the absorption of rHb
and oxyHb show very different wavelength dependence, in particular where the slopes of the absorption spectra of rHb
and oxyHb have opposite sign. In that case, the influence of oxygenation on the measured attenuation signals A(λ1),
A(λ2), A(λ3) is strongest. From Fig. 16 it can be seen that this is the case in the spectral ranges between 530 and 550
nm as well as between 560 and 580 nm. Hence, for that application, light source 7 should have a mean wavelength
either between 530 and 550 nm or between 560 and 580 nm, and/or its spectral half-width should be not larger than
approximately 20 nm, in particular not larger than 10 nm, if it emits light in the spectral range between 530 and 550 nm
or not larger than approximately 20 nm, in particular not larger than 10 nm, if it emits light in the spectral range of 560
and 580 nm.
[0109] On the other hand, when measuring perfusion or any other parameter indicative of perfusion, but if the measured
result should not be affected by blood oxygenation, the measurement should be carried out in a spectral region where
rHb and oxyHb show absorptions having similar wavelength dependence, in particular in the neighborhood of the isos-
bestic points where the slopes of the absorption spectra of rHb and oxyHb are similar. In that case, the influence of
oxygenation on the measured attenuation signals A(λ1), A(λ2),... is weakest. From Fig. 16 it can be seen that this is the
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case in the spectral ranges 520-540 nm and 580-600 nm.
[0110] The present device can be used for a large variety of applications. In additions to the applications mentioned
so far, it can be used for hemodynamic monitoring, such as for monitoring

- the physical status of personnel of dangerous professions, deployed in high stress and extreme environments, e.g.
rescue workers, firefighters or soldiers under battlefield conditions

- neonatal monitoring
- persons with a risk of anemia or hypoxia
- dialysis conditions
- sport and fitness applications.

[0111] Monitoring capabilities of the current approach are not limited to oxy- and reduced haemoglobins, but can be
also applied to other forms of Hb, like fetal Hb, carboxyhemoglobin, carbaminohemoglobin, methemoglobin, myoglobin
etc. However, the different wavelength region of measurements or additional light sources might be required to distinguish
different forms of haemoglobin. These additional sources can also have the tuning capabilities or have a fixed wavelength.
[0112] In the embodiments above, a reflection measurement was carried out, with light source 7 and light detector 8
being arranged side by side over a surface of the tissue. Alternatively, the present invention can also be used in trans-
mission mode, with light source 7 and light detector 8 being arranged on opposite sides of a body part, such as an ear
lobe, and the light being transmitted through the body part.
[0113] While there are shown and described presently preferred embodiments of the invention, it is to be distinctly
understood that the invention is not limited thereto but may be otherwise variously embodied and practiced within the
scope of the following claims.
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Claims

1. A method for measuring at least one physiological parameter of tissue by means of a semiconductor light source
(7) and of a light detector (8), wherein said parameter affects concentration of blood constituents, in particular
different forms of hemoglobin, said method comprising the steps of

a) placing said light source (7) and said light detector (8) such that said light detector (8) measures an amount
of light transmitted from said light source (7) through said tissue,
b) operating said light source (7) under a first condition where it has a first temperature, and determining a first
light attenuation signal by means of said light detector (8),
c) operating said light source (7) under a second condition where it has a second temperature different from
the first temperature, and determining a second light attenuation signal by means of said light detector (8),
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d) determining said parameter using said first light attenuation signal and said second light attenuation signal,

wherein said method further comprises the step of varying a current through said light source (7) in order to create
said different operating conditions,
said method being characterized by the step of switching said current from a first level to a second, different level
and determining at least part of said attenuation signals at different times after switching said current while said light
source (7) has not yet reached thermal equilibrium.

2. The method of claim 1 wherein at least part of said attenuation signals are determined within 1 second from switching
said current, in particular within 100 milliseconds .

3. The method of any of the preceding claims further comprising the step of determining said parameter by calculating
a difference between the first and the second light attenuation signals and/or the step of deriving said parameter
from said attenuation signals using calibration data.

4. The method of any of the preceding claims wherein said parameter is blood perfusion or any parameter depending
on blood perfusion.

5. The method of any of the preceding claims wherein said steps b) and c) are repeated for recording a time series of
data, wherein a heart beat rate is derived from said time series of data.

6. The method of any of the preceding claims comprising the step of operating said light source (7) under N conditions
where it has N different temperatures and measuring an attenuation signal at each condition, wherein N > 2.

7. The method of any of the preceding claims wherein for each operating condition said attenuation signal is determined
by measuring an intensity signal by means of said light detector (8) and dividing said intensity signal by a reference
signal (Pr), wherein the reference signal (Pr) corresponds to an intensity signal measured by said light detector (8)
if the light from said light source (7) operating under said operating condition is reflected into said light detector (8)
by means of a body whose reflectivity does not depend on the wavelength of said light source (7).

8. The method of any of the preceding claims wherein said parameter is determined using said attenuation signals
and calibration data, wherein said calibration data was obtained in a calibration procedure, which calibration pro-
cedure comprises the steps of
performing a series of calibration measurements for different states of said tissue and, for each calibration meas-
urement, recording said attenuation signals by means of said light detector (8) and recording a value of said parameter
by means of a reference method,
using multiple regression for determining said calibration data with the recorded attenuation signals being independ-
ent variables and the recorded values of said parameter being a dependent variable.

9. The method of any of the preceding claims further comprising the step of measuring a skin temperature (Ts) of said
tissue and using said skin temperature (Ts) for determining said parameter.

10. The method of the claims 8 and 9 further comprising the step of using said skin temperature (Ts) as an independent
variable during said multiple regression.

11. The method of any of the preceding claims further comprising the step of monitoring light intensity signal emitted
by the light source (2), in particular by means of a temperature sensor or light sensor (19), and scaling a signal from
said light sensor (8) by means of said monitored light intensity signal (α).

12. The method of the claims 8 and 11 further comprising the step of using said monitoring signal as an independent
variable during said multiple regression

13. The method of any of the preceding claims wherein said parameter is indicative of a ratio between oxygenated and
non-oxygenated hemoglobin in said tissue.

14. The method of any of the preceding claims wherein said light source (7) has a mean wavelength between 530 and
550 nm or between 560 and 580 nm, and/or wherein said light source (7) emits
between 530 and 550 nm and has a spectral half-width not larger than 20 nm, in particular not larger than 10 nm, or
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between 560 and 580 nm and has a spectral half-width not larger than 20 nm, in particular not larger than 10 nm.

15. The method of any of the preceding claims, wherein said light source (7) has a mean wavelength between 520 and
540 nm or between 580 and 600 nm.

16. The method of any of the preceding claims wherein said light source (7) is a LED or a laser diode.

17. A device for measuring in-vivo at lest one physiological parameter of tissue comprising
a housing (1) to be placed against said tissue,
a semiconductor light source (7) arranged in said housing,
a light detector (8) positioned to measure light transmitted from said light source transmitted through said tissue,
a control unit (14) for
operating said light source (7) under a first condition where it has a first temperature, and determining a first attenuation
signal by means of said light detector (8),
operating said light source (7) under a second condition where it has a second temperature different from the first
temperature, and determining a second attenuation signal by means of said light detector (8),
determining said parameter using said first signal and said second attenuation signal,
wherein said device is adapted to vary a current through said light source (7) in order to create said different operating
conditions, characterized in that said device is adapted to switching said current from a first level to a second,
different level and determining at least part of said attenuation signals at different times after switching said current
while said light source (7) has not yet reached thermal equilibrium.

18. The device of claim 17 wherein said device is adapted to carry out the method of any of the claims 1 to 16.

Patentansprüche

1. Ein Verfahren zum Messen mindestens eines physiologischen Parameters von Gewebe mittels einer Halbleiter-
lichtquelle (7) und eines Lichtdetektors (8), wobei der Parameter die Konzentration von Blutbestandteilen, insbe-
sondere verschiedener Formen von Hämoglobin, beeinflusst, wobei das Verfahren die folgenden Schritte umfasst

a) Platzieren der Lichtquelle (7) und des Lichtdetektors (8) derart, dass der Lichtdetektor (8) eine Lichtmenge
misst, die von der Lichtquelle (7) durch das Gewebe übertragen wird,
b) Betreiben der Lichtquelle (7) in einem ersten Zustand, in dem sie eine erste Temperatur aufweist, und
Bestimmen eines ersten Lichtdämpfungssignals mittels des Lichtdetektors (8),
c) Betreiben der Lichtquelle (7) in einem zweiten Zustand, in dem sie eine zweite Temperatur aufweist, die sich
von der ersten Temperatur unterscheidet, und Bestimmen eines zweiten Lichtdämpfungssignals mittels des
Lichtdetektors (8),
d) Bestimmen des Parameters unter Verwendung des ersten Lichtdämpfungssignals und des zweiten Licht-
dämpfungssignals,

wobei das Verfahren weiter den Schritt des Veränderns eines Stroms durch die Lichtquelle (7) umfasst, um die
verschiedenen Betriebszustände zu erzeugen,
wobei das Verfahren durch den Schritt des Umschaltens des Stromes von einem ersten Pegel auf einen zweiten,
unterschiedlichen Pegel und des Bestimmens mindestens eines Teils der Dämpfungssignale zu unterschiedlichen
Zeiten nach dem Umschalten des Stroms während die Lichtquelle (7) noch nicht das thermische Gleichgewicht
erreicht hat, gekennzeichnet ist.

2. Das Verfahren nach Anspruch 1, wobei mindestens ein Teil der Dämpfungssignale innerhalb von 1 Sekunde nach
dem Schalten des Stroms bestimmt wird, insbesondere innerhalb von 100 Millisekunden.

3. Das Verfahren nach einem der vorangehenden Ansprüche, weiter umfassend den Schritt des Bestimmens des
Parameters durch Berechnen einer Differenz zwischen dem ersten und dem zweiten Lichtdämpfungssignal und/oder
den Schritt des Ableitens des Parameters aus den Dämpfungssignalen unter Verwendung von Kalibrierungsdaten.

4. Das Verfahren nach einem der vorangehenden Ansprüche, worin der Parameter die Blutperfusion oder ein beliebiger
Parameter in Abhängigkeit von der Blutperfusion ist.
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5. Das Verfahren nach einem der vorangehenden Ansprüche, wobei die Schritte b) und c) zum Aufzeichnen einer
Zeitreihe von Daten wiederholt werden, wobei eine Herzfrequenz von der Zeitreihe von Daten abgeleitet wird.

6. Das Verfahren nach einem der vorangehenden Ansprüche, umfassend den Schritt des Betriebs der Lichtquelle (7)
in N Zuständen, in denen sie N verschiedene Temperaturen aufweist, und des Messens eines Dämpfungssignals
in jedem Zustand, wobei N > 2.

7. Das Verfahren nach einem der vorangehenden Ansprüche, bei dem für jeden Betriebszustand das Dämpfungssignal
bestimmt wird, indem ein Intensitätssignal mittels des Lichtdetektors (8) gemessen und das Intensitätssignal durch
ein Referenzsignal (Pr) geteilt wird, wobei das Referenzsignal (Pr) einem Intensitätssignal entspricht, das vom
Lichtdetektor (8) gemessen wird, wenn das Licht der Lichtquelle (7), die im besagten Betriebszustand arbeitet, in
den Lichtdetektor (8) mittels eines Körpers reflektiert wird, dessen Reflexionsvermögen nicht von der Wellenlänge
der Lichtquelle (7) abhängt.

8. Das Verfahren nach einem der vorangehenden Ansprüche, wobei der Parameter unter Verwendung der Dämp-
fungssignale und der Kalibrierungsdaten bestimmt wird, wobei die Kalibrierungsdaten in einem Kalibrierungsver-
fahren erhalten wurden, wobei das Kalibrierungsverfahren die folgenden Schritte umfasst
Durchführen einer Reihe von Kalibrierungsmessungen für verschiedene Zustände des Gewebes und, für jede Ka-
librierungsmessung, Aufzeichnen der Dämpfungssignale mittels des Lichtdetektors (8) und Aufzeichnen eines Wer-
tes des Parameters mittels eines Referenzverfahrens,
Verwenden einer Mehrfachregression zum Bestimmen der Kalibrierungsdaten, wobei die aufgezeichneten Dämp-
fungssignale unabhängige Variablen sind und die aufgezeichneten Werte des Parameters eine abhängige Variable
sind.

9. Das Verfahren nach einem der vorangehenden Ansprüche, weiter umfassend den Schritt des Messens einer Haut-
temperatur (Ts) des Gewebes und der Verwendung der Hauttemperatur (Ts) zum Bestimmen des Parameters.

10. Das Verfahren nach den Ansprüchen 8 und 9, weiter umfassend den Schritt der Verwendung der Hauttemperatur
(Ts) als unabhängige Variable während der Mehrfachregression.

11. Das Verfahren nach einem der vorangehenden Ansprüche, weiter umfassend den Schritt des Überwachens des
von der Lichtquelle (2) ausgesendeten Lichtintensitätssignals, insbesondere mittels eines Temperatursensors oder
Lichtsensors (19), und des Skalierens eines Signals von dem Lichtdetektor (8) mittels des überwachten Lichtinten-
sitätssignals (α).

12. Das Verfahren nach den Ansprüchen 8 und 11, weiter umfassend den Schritt der Verwendung des Überwachungs-
signals als unabhängige Variable während der mehrfachen Regression.

13. Das Verfahren nach einem der vorangehenden Ansprüche, wobei der Parameter ein Verhältnis zwischen sauer-
stoffhaltigem und nicht sauerstoffhaltigem Hämoglobin im Gewebe anzeigt.

14. Das Verfahren nach einem der vorangehenden Ansprüche, wobei die Lichtquelle (7) eine mittlere Wellenlänge
zwischen 530 und 550 nm oder zwischen 560 und 580 nm aufweist, und/oder wobei die Lichtquelle (7) aussendet
zwischen 530 und 550 nm aussendet und eine spektrale Halbwertsbreite von nicht mehr als 20 nm, insbesondere
nicht mehr als 10 nm hat, oder
zwischen 560 und 580 nm aussendet und eine spektrale Halbwertsbreite von nicht mehr als 20 nm, insbesondere
nicht mehr als 10 nm hat.

15. Das Verfahren nach einem der vorangehenden Ansprüche, wobei die Lichtquelle (7) eine mittlere Wellenlänge
zwischen 520 und 540 nm oder zwischen 580 und 600 nm hat.

16. Das Verfahren nach einem der vorangehenden Ansprüche, wobei die Lichtquelle (7) eine LED oder eine Laserdiode
ist.

17. Eine Vorrichtung zum Messen in vivo mindestens eines physiologischen Parameters von Gewebe, umfassend
ein Gehäuse (1), das am Gewebe anzuordnen ist,
eine Halbleiter-Lichtquelle (7) die in dem Gehäuse angeordnet ist,
einen Lichtdetektor (8), welcher zur Messung des von der Lichtquelle ausgesendeten, durch das Gewebe übertra-
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genen Lichts, angeordnet ist,
eine Steuereinheit (14) zum
Betreiben der Lichtquelle (7) in einem ersten Zustand, in dem sie eine erste Temperatur hat, und Bestimmen eines
ersten Dämpfungssignals mittels des Lichtdetektors (8),
Betreiben der Lichtquelle (7) in einem zweiten Zustand, in dem sie eine zweite Temperatur hat, die sich von der
ersten Temperatur unterscheidet, und Bestimmen eines zweiten Dämpfungssignals mittels des Lichtdetektors (8),
Bestimmen des Parameters unter Verwendung des ersten Signals und des zweiten Dämpfungssignals,
wobei die Vorrichtung angepasst ist, um einen Strom durch die Lichtquelle (7) zu variieren, um die verschiedenen
Betriebszustände zu erzeugen, dadurch gekennzeichnet, dass die Vorrichtung ausgestaltet ist, um den Strom
von einem ersten Pegel auf einen zweiten, unterschiedlichen Pegel zu schalten und mindestens einen Teil der
Dämpfungssignale zu verschiedenen Zeiten nach dem Schalten des Stroms zu bestimmen, während die Lichtquelle
(7) noch nicht das thermische Gleichgewicht erreicht hat.

18. Die Vorrichtung nach Anspruch 17, wobei die Vorrichtung ausgestaltet ist, um das Verfahren nach einem der An-
sprüche 1 bis 16 durchzuführen.

Revendications

1. Un procédé pour mesurer au moins un paramètre physiologique d’un tissu au moyen d’une source de lumière semi-
conductrice (7) et d’un détecteur de lumière (8), dans lequel ledit paramètre affecte la concentration de constituants
sanguins, en particulier de différentes formes d’hémoglobine, ledit procédé comprenant les étapes suivantes

a) placer ladite source de lumière (7) et ledit détecteur de lumière (8) de telle sorte que ledit détecteur de lumière
(8) mesure une quantité de lumière transmise par ladite source de lumière (7) à travers ledit tissu,
b) faire fonctionner ladite source de lumière (7) dans un premier état dans lequel elle a une première température,
et déterminer un premier signal d’atténuation de lumière au moyen dudit détecteur de lumière (8),
c) faire fonctionner ladite source de lumière (7) dans un deuxième état dans lequel elle a une seconde tempé-
rature différente de la première température, et déterminer un deuxième signal d’atténuation de lumière au
moyen dudit détecteur de lumière (8),
d) déterminer ledit paramètre en utilisant ledit premier signal d’atténuation de lumière et ledit deuxième signal
d’atténuation de lumière,

ledit procédé comprenant en outre l’étape consistant à varier un courant à travers ladite source de lumière (7) afin
de créer lesdits différents états de fonctionnement,
ledit procédé étant caractérisé par l’étape consistant à commuter ledit courant d’un premier niveau à un deuxième
niveau différent et à déterminer au moins une partie desdits signaux d’atténuation à des moments différents après
avoir commuté ledit courant pendant que ladite source de lumière (7) n’a pas encore atteint un équilibre thermique.

2. Le procédé selon la revendication 1, dans lequel au moins une partie desdits signaux d’atténuation est déterminée
pendant une seconde après la commutation dudit courant, en particulier pendant 100 millisecondes.

3. Le procédé selon l’une quelconque des revendications précédentes, comprenant en outre l’étape consistant à
déterminer ledit paramètre en calculant une différence entre le premier et le deuxième signal d’atténuation de lumière
et/ou l’étape consistant à dériver ledit paramètre à partir desdits signaux d’atténuation en utilisant des données de
calibration.

4. Le procédé selon l’une quelconque des revendications précédentes, dans lequel ledit paramètre est la perfusion
sanguine ou tout paramètre dépendant de la perfusion sanguine.

5. Le procédé selon l’une quelconque des revendications précédentes, dans lequel lesdites étapes b) et c) sont
répétées pour enregistrer une série temporelle de données, dans lequel une fréquence cardiaque est déviée de
ladite série temporelle de données.

6. Le procédé selon l’une quelconque des revendications précédentes, comprenant l’étape consistant à faire fonction-
ner ladite source de lumière (7) dans N conditions où elle a N températures différentes et à mesurer un signal
d’atténuation à chaque condition, où N > 2.
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7. Le procédé selon l’une quelconque des revendications précédentes, dans lequel, pour chaque état de fonctionne-
ment, ledit signal d’atténuation est déterminé en mesurant un signal d’intensité au moyen dudit détecteur de lumière
(8) et en divisant ledit signal d’intensité par un signal de référence (Pr), dans lequel le signal de référence (Pr)
correspond à un signal d’intensité mesuré par ledit détecteur de lumière (8) si la lumière de ladite source de lumière
(7) fonctionnant dans ledit état de fonctionnement est réfléchie dans ledit détecteur de lumière (8) par un corps dont
le pouvoir réflectif ne dépend pas de la longueur d’onde de ladite source de lumière (7).

8. Le procédé selon l’une quelconque des revendications précédentes, dans lequel ledit paramètre est déterminé en
utilisant lesdits signaux d’atténuation et lesdites données de calibration, dans lequel lesdites données de calibration
ont été obtenues dans une procédure de calibration, laquelle procédure de calibration comprend les étapes suivantes
effectuer une série de mesures de calibration pour différents états dudit tissu et, pour chaque mesure de calibration,
enregistrer lesdits signaux d’atténuation au moyen dudit détecteur de lumière (8) et enregistrer une valeur dudit
paramètre au moyen d’un procédé de référence,
utiliser une régression multiple pour déterminer lesdites données de calibration, les signaux d’atténuation enregistrés
étant des variables indépendantes et les valeurs enregistrées dudit paramètre étant une variable dépendante.

9. Le procédé selon l’une quelconque des revendications précédentes, comprenant en outre l’étape consistant à
mesurer une température de peau (Ts) dudit tissu et à utiliser ladite température de peau (Ts) pour déterminer ledit
paramètre.

10. Le procédé selon les revendications 8 et 9, comprenant en outre l’étape consistant à utiliser ladite température de
la peau (Ts) comme variable indépendante pendant ladite régression multiple.

11. Le procédé selon l’une quelconque des revendications précédentes, comprenant en outre l’étape consistant à
surveiller un signal d’intensité lumineuse émis par la source de lumière (2), en particulier au moyen d’un capteur
de température ou d’un capteur de lumière (19), et à mettre à l’échelle un signal provenant dudit capteur lumineux
(8) au moyen dudit signal d’intensité lumineuse contrôlé (α).

12. Le procédé selon les revendications 8 et 11, comprenant en outre l’étape consistant à utiliser ledit signal de sur-
veillance comme variable indépendante pendant ladite régression multiple.

13. Le procédé selon l’une quelconque des revendications précédentes, dans lequel ledit paramètre est indicatif d’un
rapport entre l’hémoglobine oxygénée et l’hémoglobine non oxygénée dans ledit tissu.

14. Le procédé selon l’une quelconque des revendications précédentes, dans lequel ladite source de lumière (7) a une
longueur d’onde moyenne comprise entre 530 et 550 nm ou entre 560 et 580 nm, et/ou dans lequel ladite source
de lumière (7) émet
entre 530 et 550 nm et a une demi-largeur spectrale non supérieure à 20 nm, en particulier non supérieure à 10 nm, ou
entre 560 et 580 nm et a une demi-largeur spectrale non supérieure à 20 nm, en particulier non supérieure à 10 nm.

15. Le procédé selon l’une quelconque des revendications précédentes, dans lequel ladite source de lumière (7) a une
longueur d’onde moyenne comprise entre 520 et 540 nm ou entre 580 et 600 nm.

16. Le procédé selon l’une quelconque des revendications précédentes, dans lequel ladite source de lumière (7) est
une DEL ou une diode laser.

17. Un dispositif pour mesurer in-vivo au moins un paramètre physiologique de tissu comprenant
un logement (1) à placer contre ledit tissu,
une source de lumière à semi-conducteur (7) disposée dans ledit logement,
un détecteur de lumière (8) positionné pour mesurer la lumière transmise par ladite source de lumière transmise à
travers ledit tissu,
une unité de commande (14) pour faire fonctionner ladite source de lumière (7) dans un premier état dans lequel
elle a une première température, et déterminer un premier signal d’atténuation au moyen dudit détecteur de lumière
(8),
faire fonctionner ladite source de lumière (7) dans un deuxième état dans lequel elle a une deuxième température
différente de la première température, et déterminer un deuxième signal d’atténuation au moyen dudit détecteur de
lumière (8),
déterminer ledit paramètre en utilisant ledit premier signal et ledit deuxième signal d’atténuation,
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dans lequel ledit dispositif est adapté pour faire varier un courant à travers ladite source de lumière (7) afin de créer
lesdits différents états de fonctionnement, caractérisé en ce que ledit dispositif est adapté pour commuter ledit
courant d’un premier niveau à un deuxième niveau différent et pour déterminer au moins une partie desdits signaux
d’atténuation à différents moments après la commutation dudit courant pendant que ladite source de lumière (7)
n’a pas encore atteint un équilibre thermique.

18. Le dispositif selon la revendication 17, ledit dispositif étant adapté pour exécuter le procédé selon l’une quelconque
des revendications 1 à 16.
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