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(57) ABSTRACT

The invention relates to a measuring device (1) for the non-
invasive measurement of physiological parameters. The mea-
suring device (1) is suited to detect and localize by way of self
diagnosis diseases such as, for example, inflammations,
tumors or arteriosclerosis. The invention proposes a measur-
ing device (1) with at least one optical measuring unit (100)
for the generation of oximetric and/or plethysmographic
measuring signals, an evaluation unit (140) processing the
measuring signals, and a unit (120, 130) for the acquisition of
local tissue parameters such as fat content, water content
and/or blood perfusion, with the evaluation unit (140) being
designed such that at least one local metabolic parameter is
determined, in particular the local oxygen consumption, from
the signals furnished by the optical measuring unit and
obtained from tissue parameters. Moreover, the measuring
device (1) enables the non-invasive determination of the
blood glucose level.
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MEDICAL MEASURING DEVICE

[0001] The invention relates to a measuring device for the
non-invasive determination of physiological parameters, with
said device being provided with at least one optical measuring
unit generating oximetric and/or plethysmographic measur-
ing signals, and with an evaluation unit for processing the
measuring signals.

[0002] As is a known fact, supplying the body tissue with
oxygen counts among the most important vital functions of
human beings. Therefore, oximetric diagnosis modalities
have been of great significance in the medical field in these
days. Routinely, so-called pulse oximeters employed for this
purpose. Such pulse oximeters typically comprise two light-
emitting sources radiating red and infrared light of different
wavelength into the body tissue. The light is scattered in the
body tissue and partly absorbed. The scattered light is finally
detected by means of a light sensor in the form of a suitable
photocell. On the one hand, commercially available pulse
oximeters typically use light within a wavelength range of
660 nm. In this range the light absorption of oxihemoglobin
and deoxihemoglobin varies greatly. Accordingly, the inten-
sity of the scattered light detected by means of a photo sensor
differs based on how thoroughly the examined body tissue is
supplied with oxygen-rich or oxygen-deficient blood. On the
other hand, light in the wavelength range of 810 nm is usually
employed. This light wavelength is in the so-called near-
infrared spectral range. The light absorption of oxihemoglo-
bin and deoxihemoglobin in this spectral range is essentially
identical. Moreover, the known pulse oximeters are capable
of generating a plethysmographic signal, i.e. a volume pulse
signal, that is indicative of the blood volume that varies with
a heartbeat in the microvessel system examined by means of
the pulse oximeter (so-called photoplethysmography). Using
different light wavelengths in the above mentioned spectral
ranges enables the oxygen content of the blood (oxygen satu-
ration) to be to concluded based on the different light absorp-
tion characteristics. Customary pulse oximeters are either
clipped onto the finger tip or earlobe of a patient. Based on the
blood perfusion of the microvessel system in these areas of
body tissue the volume pulse signal is generated.

[0003] An oximetric diagnosis device that has highly flex-
ible usage qualities is known from WO 00/69328 Al. This
prior-art device is designed for hand-guidance so that it can be
used on optional measuring sites on the human body. This
prior-art device thus permits the body of a patient to be sys-
tematically scanned so to speak. Fixing or securing the diag-
nosis device as is usually done with customary pulse oxime-
ters can be omitted with the device disclosed by the above
cited publication.

[0004] Furthermore, the above stated WO 00/69328 Al
elucidates the usefulness of the oximetric diagnosis device for
the spatially resolved diagnosis of inflammations, tumors and
arteriosclerosis diseases in the skin-near body tissue of a
patient. Diseases of this nature cause a variation of the flow of
blood through body tissue. By performing a spatially resolved
oximetric scanning of the body with said prior-art device such
blood flow variations which are indicative of a disease of the
nature mentioned above can thus be diagnosed and localized.
[0005] The ECG (electrocardiogram) is presumably the
most frequently applied examination modality for the diag-
nosis of cardiovascular diseases. By means of an ECG unit
electrical signals are transmitted from the body of the patient
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to be examined via two or more ECG electrodes. The ECG
thus obtained reflects the bioelectric voltage situation prevail-
ing during the spread of stimulus and repolarization at the
heart. The ECG includes a variety of parameters that can be
evaluated for diagnostic purposes. At the time the heart
muscle contracts during a heartbeat the ECG shows a distinc-
tive peak which is also termed R-peak. Moreover, the ECG
also shows the so-called P wave which precedes the R peak.
The R peak in turn is followed by the so-called T wave. The
minima shown in the ECG arising immediately before and
after the R peak are termed Q and S. Parameters of interest for
cardiovascular diagnostics are the duration of the P wave as
well as the amplitude of the P wave, the duration of the PQ
interval, the duration of the QRS complex, the duration of the
QT interval as well as the amplitude of the T wave. Both the
absolute values of the parameters mentioned and the relation-
ship between these parameters provide information based on
which the health state of the cardiovascular system can be
determined. Devices and methods for ECG recordings are
known, for example, from publications U.S. Pat. No. 6,331,
162 or U.S. Pat. No. 4,960,126 describing prior art.

[0006] Otherphysiological parameters, such as the body fat
content for example, may be determined by bioelectric
impedance measurement, as is for example known from U.S.
Pat. No. 6,714,814. However, the composition of the body
tissue may also be determined by optical methods. The prin-
ciple of determining the body fat content optically by means
of infrared light has been described in U.S. Pat. No. 4,928,014
for example.

[0007] Tt is thus the objective of the present invention to
provide a device for the non-invasive determination of physi-
ological parameters that constitute an improvement over
prior-art technology and has been enhanced with respect to its
functionality. In particular, a device is proposed that enables
a reliable as possible diagnosis and localization of diseases
such as inflammations, tumors or cancer diseases (skin can-
cer, melanoma) as well as angiopathy. Optionally, the device
shall also enable the (cardiovascular) fitness of a user to be
assessed. For this purpose, the device shall also be suited for
self-diagnostic purposes.

[0008] Proceeding from a measuring device ofthe kind first
mentioned above the invention meets this objective by pro-
viding for the evaluation unit to be designed such that at least
one local metabolism parameter is determined, especially the
local oxygen consumption, from the signals furnished by the
local measuring unit.

[0009] Central idea of the invention is to use the oximetric
and/or plethysmographic measuring signals obtained by
means of the optical measuring unit in order to determine not
only the local oxygen concentration at the relevant measuring
site—as is done with customary oximetric diagnostic equip-
ment—but, in particular, also the local oxygen consumption
which is an important indicator of the local metabolic activity.
From pathological changes in the metabolism diseases can be
detected and localized by means of the measuring device
according to the invention.

[0010] According to a preferred configuration the inventive
measuring device is additionally provided with a unit for
recording local tissue parameters such as fat content, water
content and/or blood perfusion, with the evaluation unit in
this case being designed such that at least one local metabolic
parameter is determined from the signals furnished by the
optical measuring unit and obtained from tissue parameters.
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[0011] Within the scope of the invention blood perfusion,
for example, is an important local tissue parameter or, to be
more precise, the perfusion-related volume variations of the
body tissue examined. For the purpose of determining perfu-
sion the inventive measuring device may thus be provided
with a plethysmographic unit of customary design (e.g. a
photoplethysmograph). In this manner the optical measuring
unit of the inventive measuring device may be utilized to
simultaneously determine local tissue parameters.

[0012] The invention is based, inter alia, on findings
according to which it is possible by combining the detection
of oximetric and plethysmographic signals to determine local
metabolic parameters.

[0013] For the purpose of determining the local oxygen
consumption by means of the inventive measuring device it
should also be possible to ascertain the capillary oxygen
concentration in the tissue in addition to the oximetrically
determined arterial oxygen concentration. However, in this
context the composition of the body tissue examined must be
known. Decisive parameters are the local fat content and/or
water content of the body tissue. These parameters can be
detected by a bioelectric impedance measurement, for
example. As per an expedient configuration of the invention a
customary (optical) oximetry unit is combined with a bioelec-
tric impedance measuring unit to form a single device. Based
onthe measuring signals received from the bioelectric imped-
ance measuring unit the composition of the examined body
tissue can be determined. Based on these results the capillary
oxygen saturation of the tissue can be determined from the
oximetric signals by means of the evaluation unit of the mea-
suring device.

[0014] An expedient advancement of the inventive measur-
ing device provides for the bioelectric impedance measuring
unit to be designed such that it additionally detects global
tissue parameters, such as the global fat content and/or global
water content. This further enhances the functionality of the
measuring device according to the invention. The bioelectric
impedance measuring unit of the inventive measuring device
can be designed in such a manner that it is capable of ascer-
taining both local as well as global tissue parameters.

[0015] The composition of the body tissue may also be
determined by means of the inventive measuring device by
optical methods. For this purpose, the unit for the detection of
local tissue parameters may embrace an optical radiation
source and a photosensor. The principle of determining the
body fat content optically by means of infrared light is known
from prior art.

[0016] In accordance with an advantageous configuration
the inventive device comprises a heat sensor for the determi-
nation of heat dissipating via the skin surface, with the evalu-
ation unit being designed to determine the local metabolic
parameters taking signals received from the heat sensor into
account. Preferably, the heat sensor enables a spatially, time
and depth resolved heat measurement to be performed at the
measuring site. The heat exchange or transfer data so obtained
thus provides information about the local metabolic activity.
Moreover, the heat sensor is suited to determine the local
blood perfusion. With respect to furnish more detailed back-
ground information in this context reference is made to a
publication by Nitzan et al. (Meir Nitzan, Boris Khanokh,
“Infrared Radiometry of Thermally Insulated Skin for the
Assessment of Skin Blood Flow”, Optical Engineering 33,
1994, No. 9, pages. 2953 to 2956). Altogether, the heat sensor
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furnishes data that can advantageously be used for the deter-
mination of metabolic parameters for the purposes of the
invention.

[0017] Depending on the type of tissue examined the arte-
rial oxygen saturation (Sa0,) and the venous oxygen satura-
tion (SvO, ) govern the capillary (arteriovenous) oxygen satu-
ration (St0, ). The following applies:

KESv0,+(1-K )52 0,=510,,

where K is a tissue-related correction factor that depends on
the volume relationship between arteries and veins in the
examined tissue. This value is slightly below 0.5 on average.
According to the invention, the value that has relevance to a
given tissue can be determined by bioelectric impedance
measurement so that the venous oxygen saturation can then
be established via the formula indicated above. By measuring
the heat and/or bioelectric impedance (impedance plethys-
mography) it is possible to determine the perfusion 'V, i.e. the
perfusion-related volume fluctuation of the tissue. According
to the relation

V0,=F*(Sa0,-SV0,)

the local oxygen consumption VO, can then be determined
which is a measure of the metabolic activity at the measuring
site.

[0018] Moreover, the measuring device according to the
invention may also incorporate an optical sensor for the spa-
tially resolved determination of the skin complexion. Dis-
eases such as inflammations, melanoma etc. may also be
detected through local discoloration of the skin.

[0019] By providing an additional ECG unit for the detec-
tion of relevant ECG signals via two or more electrodes the
functionality of the inventive measuring device is advanta-
geously enhanced. As provided for by the invention the mea-
suring device is designed to jointly detect and evaluate
plethysmographic signals and ECG signals. The evaluation
unit of the measuring device in this case may advantageously
be designed to evaluate the time characteristics of the volume
pulse signals and the ECG signals. By means of a suitable
program control feature the evaluation unit of the inventive
measuring device is thus capable of automatically detecting
the R peaks in the ECG signal. In this way the exact time
characteristics of the heartbeat can be determined automati-
cally. Furthermore, as a result of its program control feature
the evaluation unit is also capable of recognizing the maxima
in the volume pulse signal. Based on the maxima in the
volume pulse signal the arrival time of the pulse wave initi-
ated during a cardiac cycle can be detected at the peripheral
measuring site examined with the measuring device. In this
way, the time interval between an R peak in the ECG signal
and the maximum that follows in the volume pulse signal can
thus be determined. This time interval is to be regarded as an
indicator for the so-called pulse wave velocity. Based on
pulse wave velocity it is possible to obtain information about
the blood pressure. More specific: if the pulse wave velocity
is found to be higher this is indicative of a blood pressure
increase while from a lower pulse wave velocity it can be
concluded that there is decrease in blood pressure. However,
an exact determination of the blood pressure based on pulse
wave velocity is not possible, only tendencies can be indi-
cated. Moreover, pulse wave velocity also depends on the
blood density and in particular the elasticity of the blood
vessel walls (for example the aorta). From the elasticity of the
blood vessels in turn conclusions can be drawn as to whether
arteriosclerosis may be involved. Such an evaluation or
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assessment may also include absolute heart rate values, heart
rate variability and the respective arrhythmias of the heart. In
this way, arrhythmia such as sinus tachycardia, sinus brady-
cardia, sinus arrest and so-called escape beats can also be
detected automatically. By way of the ECG signal informa-
tion can also be obtained as to the contraction time of the
heart’s atria during a cardiac cycle, the duration of a ventricu-
lar contraction as well as the duration of ventricular relaxation
etc. Moreover, preliminary diagnoses can be made with a
view to detecting blocks disturbing the conductance of the
electrical excitation signals at the heart (AV block, bundle
branch block etc.) and also circulatory disorder or infarction.
Further irregularities in the pulse characteristics can be iden-
tified on the basis of the volume pulse signal.

[0020] Due to the combined evaluation of the ECG signal
and the volume pulse signal in automatic assessment mode
the inventive measuring device is capable of automatically
performing a functional assessment of a patient’s vascular
system. On the basis of the automatically evaluated signals
the inventive device is capable of roughly estimating the
(global) cardiovascular condition or the fitness of a user in
general and in the event of indications suggesting arterioscle-
rosis or other cardiovascular problems a warning signal to this
effect or an easily comprehensible fitness or risk indicator can
be generated for the user of the device. Therefore, the mea-
suring device according to the invention can be advanta-
geously employed for self-diagnostic purposes to detect car-
diovascular diseases.

[0021] Ofparticular advantage is the inventive combination
of the above described measuring methods, that is oximetry,
bioelectric impedance measurement and heat measurement.
By means of the evaluation unit of the device all measuring
signals can be assessed to determine the arterial, capillary and
venous oxygen saturation and on the basis of this data gather
information about the local metabolic activity. In this way, a
high efficiency and reliability of detection and localization of
pathological changes is achieved. This can even be enhanced
by taking into account local skin complexion parameters. As
mentioned hereinbefore the additional ECG measurement
permits conclusions as to the status of the user’s cardiovas-
cular system. It is also viewed beneficial to combine all
parameters into a global index that is easily comprehensible
for the user and provides direct and substantiated information
about his or her general health condition.

[0022] Moreover, the inventive device may be provided
with a data transmission interface to transfer the parameters
determined by means of the evaluation unit to a personal
computer (of the physician), for example via the internet, or to
another device. This interface may be a customary wired or a
wireless interface (working, for example, according to the
DECT, GSM, UMTS or bluetooth standard). A data transmis-
sion via infrared data communication or ultrasonic methods is
also conceivable.

[0023] A particularly expedient configuration of the inven-
tive measuring device is achieved by providing said device
with a storage unit for storing the parameters determined by
means of the evaluation unit. By making use of the storage
unit not only the course of a disease but also the effects of an
administered therapy may be monitored and documented.
Moreover, the data saved in said storage unit may be retrieved
and assessed by the attending physician who will thus be able
to carry out a detailed diagnostic investigation of the condi-
tion of the patient. Itis, furthermore, expedient if the inventive
device is provided with a diagnostic unit for the assessment of
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the parameters determined by means of the evaluation unit
and recording of parameter changes, with site and time of the
measurements being taken into account. Accordingly, the
inventive device is of modular design. The evaluation unit is
exclusively meant to assess the detected signals and based on
these signals determine the parameters required for diagnos-
tic purposes in the manner described hereinbefore. These
parameters are then to be processed by the diagnostic unit to
enable conclusions to be drawn as to diseases that may exist.
Especially if the measuring device is employed by a user for
self-diagnosis it is furthermore the purpose of the diagnostic
unit to automatically detect a disease and, if necessary, alert
the user by generating an appropriate warning signal.

[0024] Expediently, the diagnostic unit of the measuring
device according to the invention is thus designed to deter-
mine the status of the cardiovascular system based on param-
eters ascertained by means of the evaluation unit. As per an
especially advantageous configuration of the invention the
diagnostic unit is moreover designed to calculate a global
fitness index on the basis of the cardiovascular system status
and the global tissue parameters (determined via bioelectric
impedance measurement). The global tissue parameters may
thus be utilized to obtain the global fitness index which pro-
vides especially informative advice about the current health
status of the user. For the determination of the global fitness
index all measured values determined for a given user may be
utilized. If thought necessary, average data may be estab-
lished for a selectable period of time. Aside from cardiovas-
cular measuring values and global tissue parameters (global
fat content, global water content) also the local tissue param-
eters as well as the local metabolic parameters (e.g. local
oxygen consumption) can be taken into account. The result
thus obtained expresses the global fitness index in the form of
asingle value that can be very easily interpreted by the user of
the measuring device.

[0025] At least the optical measuring unit of the inventive
measuring device operates on the basis of optical measuring
processes. For this reason the device should at least be pro-
vided with one radiation source for the body tissue to be
examined by exposure to electromagnetic radiation and at
least one radiation sensor for the determination of the elec-
tromagnetic radiation scattered and/or transmitted by the tis-
sue of the body. As radiation sources customary light emitting
diodes or laser diodes capable of emitting optical radiation,
1.e. light in the respective spectral range may be employed. It
has turned out to be especially beneficial if by means of the
inventive device the radiation absorption in the examined
body tissue is measured at least three different light wave-
lengths with a view to determining the oxygen concentration
of the blood and the perfusion of the tissue.

[0026] As per an expedient configuration the optical mea-
suring unit of the inventive measuring device is provided with
at least two radiation sensors for the detection of the radiation
scattered and/or transmitted by the body tissue, with said
radiation sensors being arranged at different distances to the
radiation source. This enables conclusions to be drawn with
respect to the distance the radiation has traveled in the body
tissue in each case. On this basis, the oxygen concentration in
the blood and in the tissue can be examined in tissue layers at
different levels. Conducive to this task is the fact that the
measuring signals from deeper tissue layer levels are more
strongly influenced by arterial blood whereas in the near-
surface regions the blood in capillary vessel system has a
more pronounced influence on radiation absorption.
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[0027] Advantages are offered by a configuration of the
inventive measuring device which is provided with at least
two radiation sources by means of which different volume
ranges of the examined body tissue are exposed to radiation.
This enables a differential measurement of the light absorp-
tion in a simple manner. Furthermore, metabolism-induced
changes of the perfusion of the examined body tissue with
oxygen-rich or oxygen-deficient blood can be investigated in
this way. Helpful in this context is that the local oxygen
consumption varies as a function of the metabolic activities of
the tissue. The determination of the variable oxygen con-
sumption in turn permits conclusions about the local energy
consumption which directly correlates with the oxygen con-
sumption. Of special interest is that this again allows conclu-
sions to be drawn as to the glucose level. In this manner, the
inventive measuring device also offers advantages in that the
blood glucose level can be determined in a non-invasive way.

[0028] The two radiation sources of the inventive measur-
ing device’s optical measuring unit should designed such that
the relevant volume areas irradiated by them are differently
covered with respect to the perfusion with oxygen-deficient
and oxygen-rich blood. This may be achieved, for example,
by arranging for the at least two radiation sources to have
different spatial radiation characteristics. Accordingly, a
light-emitting diode and a laser may be employed, for
example, as radiation sources which have similar wave-
lengths (e.g. 630 nm and 650 nm). However, the two radiation
sources differ with respect to their total beam angles. Whereas
the light-emitting diode irradiates the examined body tissue at
a large total beam angle the light of the laser diode enters the
body tissue at a very small beam angle. This results in the two
radiation sources covering different volume areas of the body
tissue. On account of the light-emitting diode’s large total
beam angle a larger volume area of the non-perfused epider-
mis is covered than is the case with the laser. The non-per-
fused epidermis remains practically unaffected by a change of
the hemoglobin concentration. Accordingly, the intensity of
the light-emitting diode’s radiation scattered and/or transmit-
ted by the body tissue depends less pronouncedly on a change
of the hemoglobin concentration than is the case with the
intensity of the radiation emitted by the laser. Prerequisite to
this 1s that the wavelength of the radiation emitted by the two
sources is selected such that the radiation is absorbed to a
varying degree by oxihemoglobin and deoxihemoglobin. The
wavelength should therefore range between 600 and 700 nm,
preferably between 630 and 650 nm.

[0029] The evaluation unit of the inventive measuring
device may beneficially be designed to enable at least one
local metabolic parameter to be determined from the radia-
tion emitted by the two sources scattered and/or transmitted
by the body tissue. If oxygen is consumed in the examined
body tissue oxihemoglobin is converted into deoxihemoglo-
bin. By comparing the radiation emitted by the two sources
originating from different volume areas of the body tissue a
change in the concentration relation between oxihemoglobin
and deoxihemoglobin can be ascertained. In this manner data
about the local oxygen consumption is obtained and from this
the blood glucose level can be determined. In this way, the
evaluation unit of the inventive measuring device is thus
expediently designed for the determination of the local oxy-
gen consumption and/or blood glucose level based on the
intensities of the radiation emitted by the two sources scat-
tered and/or transmitted by the body tissue.
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[0030] Inline with an especially advantageous configura-
tion all components of the measuring device according to the
invention are accommodated within a common casing. On
one end of the casing the device is provided with a measuring
head fitted with the required measuring sensors. In this man-
ner the measuring device may be carried by hand and utilized
either by the user himself or by the attending physician in
order to systematically examine the whole body to detect
pathological changes. An indicator unit should be integrated
into the casing by means of which the local oxygen consump-
tion of the blood and/or local metabolic parameters ascer-
tained in accordance with the invention can be made visible to
the physician or user.

[0031] The measuring head of the inventive measuring
device expediently embraces at least one optical radiation
source and at least two sensors which are arranged on the
measuring head at different distances to the radiation source.
Light with different light wavelengths is generated by means
of the radiation source. The radiation scattered back from the
examined body tissue is measured by means of the sensors so
that based on radiation absorption data conclusions can be
drawn as to the oxygen concentration. The sensors arranged at
different distances to the radiation source enable the radiation
absorption to be examined at different tissue layer levels as
explained above. In this way it is possible to distinguish the
oxygen concentration in the tissue from the arterial oxygen
concentration.

[0032] The measuring head of the measuring device
according to the invention may also accommodate electrodes
for the bioelectric impedance measurement and for ECG
measurement. For a two-point measurement another ECG
electrode can be integrated into the casing of the measuring
device. This additional ECG electrode may also be utilized
for bioelectrical impedance measurement, that is for the mea-
surement of global tissue parameters such as global fat con-
tent and/or global water content. The electrodes shall expe-
diently be arranged in such a way that a bioelectric impedance
measurement can be carried out from one arm of the user to
the other arm. Furthermore, integrated into the measuring
head can be at least one heat sensor for the determination of
heat dissipated through the skin surface. Considered particu-
larly convenient for the inventive measuring device is to com-
bine into a single measuring head the measuring sensors
required for the different measuring processes (oximetry, bio-
electric impedance measurement, heat measurement, ECG,
measuring the skin complexion). This configuration of the
measuring head enables all of the measuring values to be
simultaneously detected at the relevant locations where mea-
surements are desired.

[0033] Theinventive measuring device may be of miniature
design and integrated in an object worn on the user’s body,
with said objects being, for example, a watch, a glasses frame
or a piece of clothing. In this way it will be possible to
continuously monitor the health status.

[0034] The invention, furthermore, relates to a method of
collecting and evaluating physiological parameters, said
method providing for

[0035] oximetric and/or plethysmographic measuring
signals from body tissue to be collected by means of an
optical measuring unit,

[0036] and the oximetric and plethysmographic measur-
ing signals to be processed by means of an evaluation
unit for the purpose of determining the pulse and/or the
local oxygen concentration.
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[0037] With the aid of such a method the objective of the
invention is thus reached by providing for the evaluation unit
to ascertain on the basis of oximetric signals at least one local
metabolic parameter, in particular the local oxygen consump-
tion.

[0038] Expediently. additional local tissue parameters such
as fat content, water content and/or perfusion are collected/
detected with the at least one local metabolic parameter being
determined on the basis of the oximetric signals and the local
tissue parameters. The local tissue parameters can be col-
lected by means of bioelectric impedance measurement, opti-
cally or by means of heat measurement. It is also considered
expedient to additionally collect/detect an ECG signal. By
means of the evaluation unit a cardiovascular parameter can
be determined from the plethysmographic measuring signals
and the ECG signal. It is especially expedient as stated here-
inbefore to collect additional global tissue parameters such as
fat content and/or water content. This enables a global fitness
index to be calculated based on the cardiovascular parameters
obtained via the evaluation unit and the global tissue param-
eters. A particularly advantageous variant of the inventive
method provides for different volume areas of the examined
body tissue to be irradiated by means ofthe optical measuring
unit, with—as described above—the at least one local meta-
bolic parameter being determined on the basis of the radiation
scattered and/or transmitted by the body tissue in the different
volume areas. For this purpose the optical measuring unit may
embrace at least two radiation sources with different spatial
radiation characteristics, with the local oxygen consumption
and/or the blood glucose level being determined based on the
intensity of the radiation of the two radiation sources scat-
tered and/or transmitted by the body tissue.

[0039] An exemplary embodiment of the invention is illus-
trated by way of the following drawings where

[0040] FIG.1 is a schematic view of the inventive measur-
ing device with the measuring head shown as an enlarged
representation;

[0041] FIG. 2 is a representation of the inventive device in
the form of a block diagram;

[0042] FIG. 3 is a block diagram representation of the
oximetry unit of the inventive measuring device;

[0043] FIG. 4 is a block diagram representation of the heat
measuring unit;

[0044] FIG. 5 is a block diagram representation of the
impedance measuring unit of the measuring device;

[0045] FIG. 6 is ablock diagram representation of the ECG
unit of the measuring device;

[0046] FIG. 7 represents the signal evaluation by means of
the inventive measuring device;

[0047] FIG. 8isaschematic representation of an alternative
arrangement of radiation sources, radiation sensors and elec-
trodes for the bioelectric impedance measurement with the
inventive measuring device;

[0048] FIG. 9 shows the illustration of how an inventive
measuring device with two radiation sources may be realized.
[0049] InFIG.1 the inventive measuring devices altogether
is identified by reference number 1. All components of the
device are accommodated in a common casing 2 so that the
unit may be put to use manually at various optional measuring
sites on the body of a user. At the front end of casing 2 a
measuring head 3 is arranged into which the various measur-
ing sensors of the device 1 are integrated. When the measur-
ing device 1 is used these are placed on the skin surface of the
user at the measuring location. The measuring head is pro-
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vided with a centrally arranged light-emitting diode 4 capable
of emitting light at different wavelengths. For this purpose,
various light-emitting semiconductor elements for example
may be accommodated in a common enclosure of the light-
emitting diode 4. It is also conceivable to use optical fiber
arrangements to bring the light from the various light sources
to the bottom of the measuring head 3. Moreover, the mea-
suring head 3 is provided with a total of six photosensors 5
arranged at various distances to the light source 4. Two of the
photosensors 5 are arranged immediately adjacent to light
source 4. Two other sensors 5 are located at a medium dis-
tance to the light source 4 whereas the two remaining sensors
5 are arranged at a maximum distance to light source 4.
Sensors 5 arranged immediately adjacent to the light source 4
primarily receive light scattered from or at the upper skin
layers of the user. On the other hand, the sensors 5 located
farther away from light source 4 are suited to measure the
light absorption in deeper tissue layers. Furthermore, a heat
sensor 6 is located close to the light source 4. This arrange-
ment ensures that the determination of the blood perfusion
based on heat measurement takes place at the same measuring
location as the optical measurement. On the outside of the
measuring head 3 four electrodes 7 are arranged which are
used to measure the local bioelectrical impedance. The elec-
trodes are each divided in two and consist of two separate
contact faces electrically isolated from each. One of the two
contact faces in each case serves to apply an electric currentat
the measuring site whereas the other contact face is used for
voltage measurement. In this way it is ensured that the mea-
suring results are not impaired by the contact resistances of
the measuring electrodes. When carrying out the bioelectric
impedance measurement the four electrodes 7 may be used in
various combinations conducive to optimizing the reliability
ofthe measuring results. Atleast one of the electrodes 7 is also
used as ECG electrode of an ECG unit of the measuring
device 1. An LCD display 8 serving as indicating unit is
integrated into the casing 2 of the measuring device 1. The
LCD display 8 serves to indicate the local oxygen concentra-
tion of the blood. In this case the arterial (Sa0,), the capillary
(St0,) and the venous (SvO,) oxygen concentrations are
indicated. The determined heart rate (HR), the locally deter-
mined fat content of the tissue (BF) are also indicated. A local
metabolic parameter is furthermore indicated that reflects the
metabolic activity at the measuring location. Moreover, an
on/off switch 9 is provided on casing 2 which serves to acti-
vate or deactivate the device in the usual manner. The actuat-
ing surface of the on/off switch 9 furthermore constitutes the
contact face of another ECG electrode which enables a simple
two-point derivation of the ECG signal of the user of the
device. Aside from this the contact surface enables an arm-
to-arm measurement of global tissue parameters such as glo-
bal fat content and/or global water content by means of bio-
electric impedance measurement.

[0050] FIG. 2 is a schematic representation of the configu-
ration of the inventive measuring device in the form of a block
diagram. Device 1 embraces an optical measuring unit 100
for the optical measurement of the oxygen concentration in
the blood vessel system of the body tissue at the respective
measuring site. Moreover, the optical measuring unit 100
serves to measure the local skin complexion. The oximetric
and plethysmographic signals detected by means of the opti-
cal measuring unit 100 are transferred to an analyzing unit
110. Another significant component of the device 1 is a heat
measuring unit 120 which serves to determine the heat dissi-
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pated via the skin surface. The heat measuring unit 120 in this
case operates in a spatially, time- and depth-resolved manner.
The measuring signals detected by the heat measuring unit
120 are also transferred to the analyzing unit 110 for further
processing. Measuring device 1 is also provided with an
impedance measuring unit 130 serving to detect local tissue
parameters by means of bioelectric impedance measurement.
The measuring signals obtained via the impedance measuring
unit 130 are also processed by means of the analyzing unit
110. Finally, the invention also provides for an ECG unit 132
serving to collect an ECG signal. To enable the ECG signals
to be processed also the ECG unit 132 is connected with the
analyzing unit 110. The light source 4 as well as the light
sensors 5 of the measuring head 3 shown in FIG. 1 are
assigned to the optical measuring unit 100. The heat measur-
ing unit 120 is connected with the heat sensor 6. The imped-
ance measuring unit 130 collects the measuring signals via
the electrodes 7 of the measuring head 3. By means of ana-
lyzing unit 110 all measuring signals are pre-processed. For
this purpose the signals go through a bandpass filter to elimi-
nate interference in the range of the mains frequency of 50 or
60 Hz. Moreover, the signals are subjected to a noise suppres-
sion step. Having passed through the analyzing unit 110 the
processed signals of the optical measuring unit 100, the heat
measuring unit 120, the impedance measuring unit 130 and
the ECG unit 132 are transferred to an evaluation unit 140.
Purpose of evaluation unit 140 is to calculate from the mea-
suring signals the parameters that are important for diagnosis.
From the time-related measuring signals of impedance mea-
suring unit 130 first the composition of the examined body
tissue (water content, fat content etc.) is calculated. From the
signals of the optical measuring unit 100 the arterial oxygen
saturation and—based on the tissue parameters previously
determined via the impedance measurement—the capillary
oxygen saturation are calculated. Moreover, from the mea-
suring signals of heat measuring unit 120 and from the
plethysmographic data that can be derived from the time-
related impedance measurement the blood perfusion and the
arterial temperature are determined. From the results of all the
calculations thus carried out the venous oxygen saturation
and from that further metabolic parameters are calculated by
means of evaluation unit 140, in particular the local oxygen
consumption at the measuring location. Furthermore, the
evaluation unit 140 serves to determine at least one cardio-
vascular parameter from the plethysmographic data and the
ECG signal. The calculation results are interpreted with the
aid of a diagnostic unit 150. The diagnostic unit 150 serves to
assess the local metabolic and cardiovascular parameters cal-
culated by means of evaluation unit 140, and record param-
eter changes with the respective site measurements being
taken into account. The diagnostic unit 150 is designed such
that said it automatically recognizes on the basis of the cal-
culation results of evaluation unit 140 characteristics indica-
tive of a possible disease such as, for example, an inflamma-
tion, cancer disease or arteriosclerosis. A user of the
measuring device 1 may then be alerted to this by providing
relevant information via the indicator unit 8 of the device 1.
Such information may, for instance, be furnished in the form
of a global index parameter via indicator unit 8 that can be
easily and unambiguously interpreted and allows a conclu-
sionas to the probability of a given disease. For the purpose of
displaying the measuring results the evaluation unit 140 and
the diagnostic unit 150 are connected with a graphics unit 160
which in turn acts on the indicator unit 8 of the measuring
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device 1. The data obtained canbe stored by a storage unit 170
with both the date and the time of the respective measurement
being saved simultaneously. Moreover, an interface unit 180
is provided which serves to connect the measuring device 1
with a computer or another communication system. Via the
interface unit 180 all the data and parameters, in particular the
data and parameters stored by the storage unit 170, may be
transmitted to a PC—not shown in the figure—of the attend-
ing physician where the data may be subjected to a detailed
analysis. In particular, data and parameters recorded by the
device 1 over a prolonged period of time may be investigated
for changes to enable conclusions to be drawn with respect to
the development of an existing disease. Furthermore, there is
the possibility that the inventive measuring device 1 is used as
a mere measuring data collecting and transmitting unit with
the recorded signals being directly transmitted to the PC of
the physician. The relevant evaluations and calculations may
then be performed by the PC in a faster and more comfortable
way.

[0051] FIG. 3 illustrates the configuration of the optical
measuring unit 100 of the inventive device 1 with said optical
measuring unit 100 embracing a microcontroller 190. Part of
the microcontroller 190 is a timing generator 200 which gen-
erates control signals transmitted to a modulation unit 210.
This enables the time modulation of the light emission of the
light-emitting diode 4 to be controlled. Light-emitting diode
4 is connected to the modulation unit 210 via a control unit
220. The intensity of the light emitted by the diode 4 can,
moreover, be adjusted via a power control unit 230. Light-
emitting diode 4 is also capable of sending out light of at least
three different wavelengths. To make this possible various
light emitting semiconductor components are combined in a
single enclosure of the light-emitting diode 4. The time
sequence of the light emission with the different light wave-
lengths is controlled by means of timing generator 200. The
photosensors 5 integrated into measuring head 3 of the device
1 as well as the light-emitting diode 4 are in contact with the
user’s body tissue 240 as schematically illustrated in FIG. 3.
In the body tissue 240 the light emitted by diode 4 is scattered
and absorbed according to the oxygen concentration of the
blood flowing through the tissue 240. The scattered light is
detected by photosensors 5. The photoelectric current of each
photosensor 5 is converted into voltage by means of converter
250, amplified by means of amplifier 260 and converted into
digital measuring signals with the aid of an analog/digital
converter 270. The digital signals are then fed to a demodu-
lator 280 which is part of the microcontroller 190. Demodu-
lator 280 serves to separate the recorded measuring signals
according to the relevant light wavelengths and different dis-
tances between photosensors 5 and the light-emitting diode 4.
Finally, the signals are transferred to the analyzing unit 110.

[0052] The configuration of the heat measuring unit 120 of
the inventive measuring device is described based on the
illustration in FIG. 4. The heat sensor 6 in contact with body
tissue 240 is provided with several temperature measuring
elements as well as a heat-conducting element which are not
shown in the illustration. As soon as the sensor 6 is in contact
with tissue 240 an exchange of heat commences. By means of
temperature measuring elements the temperature is measured
at various locations via the heat-conducting element of sensor
6. With this data the heat locally dissipated by tissue 240 can
be determined (in a spatially, time- and depth-resolved man-
ner). The signals collected via the temperature measuring
elements pass through impedance converter 290 as well as
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amplifier 292 following which they are digitized by means of
an analog/digital converter 300. For further processing the
digital measuring signals are then transmitted to the analyz-
ing unit 110. A suitable heat sensor 6 has been described, for
example, in the publication prepared by Ok Kyung Cho et al.
(Ok Kyung Cho, Yoon Ok Kim, Hiroshi Mitsumaki, Katsu-
hiko Kuwa, “Noninvasive Measurement of Glucose by Meta-
bolic Heat Conformation Method”, Clinical Chemistry 50,
2004, No. 10, p. 1894 to 1898).

[0053] FIG. 5 shows the configuration of the impedance
measuring unit 130 ofthe measuring device 1 according to the
invention. The impedance measuring unit 130 comprises sev-
eral electrodes 7. Via contact faces 7' an alternating current is
applied to the body tissue 240 to be examined, said current
being generated by means of a power source 310. Power
source 310 is controlled by a sine-wave generator 320. The
frequency of the alternating current varies between 20 kHz
and 100 kHz. Via contact faces 7" a voltage measuring signal
is picked off at the body tissue 240. From the relation between
the voltage measured and the current applied conclusions can
be drawn as to the local impedance of the body tissue 240. For
this purpose the voltage is increased by an amplifier 330 and
filtered by means of a filter 340 to eliminate interference
signals. Again a digitization is now performed by means of an
analog/digital converter 350. The digitized measured values
are then transmitted to the analyzing unit 110 where they are
processed.

[0054] The configuration of the ECG unit 132 of the inven-
tive measuring device is elucidated based on the illustration in
FIG. 6. The ECG unit 132 collects ECG signals via ECG
electrodes 7' and 7". These are the electrodes of the imped-
ance measuring unit 130. In the exemplary embodiment illus-
trated electrodes 7' and 7" thus have a double function. For a
useful two-point derivation of the ECG signal another ECG
electrode 9 is required which comes into contact with the
body of the user at a location sufficiently away from elec-
trodes 7' and 7". In the embodiment example shown, the ECG
electrode 9 simultaneously serves as control surface of the
on/off switch of the measuring device 1. All electrodes are
thus integrated into the measuring device 1. Separate elec-
trodes, e.g. those connected via cables, are not considered
mandatory (for a simple two-point derivation of the ECG
signal). In lieu of the control surface of the switch of the
measuring device 1 an additional electrode may as well be
arranged on the casing 2 of the measuring device 1. The
derived ECG signal is processed by means of amplifier 360
and filter 370. Having passed through another analog/digital
converter 380 the signal is transmitted to the analyzing unit
110.

[0055] How to determine the physiological parameters in
accordance with the invention can be seen from FIG. 7. The
optical measuring unit 100 delivers by pulse oximetry an
arterial oxygen saturation value 390, by photoplethysmogra-
phy a volume pulse signal 400, and by reflection/absorption
measurement a skin complexion value 410. Moreover, the
optical measuring unit 100 supplies a differential value 420
between the systolic and diastolic volume pulse. The perfu-
sion 430 is determined by means of heat measuring unit 120.
Simultaneously, perfusion 430 data may also be obtained via
the optical measuring unit 100. The signals of the impedance
measuring unit 130 yield the local tissue parameters 440 and
also the volume pulse 400. The ECG unit 132 furnishes data
460 about arrhythmias that might exist and about the conduc-
tance at the cardiac muscle. Moreover, the actual ECG signal
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470 with cardiac activity time characteristics is available. On
the basis of the tissue parameters 440 and the arterial oxygen
saturation 390 the capillary, i.e. the arteriovenous oxygen
saturation 480 is determined. By also taking tissue parameters
440 into account the venous oxygen saturation 490 is then
determined on this basis. From the cardiac cycle time char-
acteristics 470 and the time characteristics of the volume
pulse signals 400 the pulse wave velocity 500 can be deter-
mined. From these data information can be furnished with
respect to the general cardiovascular condition (the fitness) of
the user. In this case, a cardiovascular index is determined
based on the arrhythmias 460, the pulse wave velocity 500
and the difference between systolic and diastolic volume
pulse 420. In calculating the index the local oxygen consump-
tion 510 is furthermore taken into account which is obtained
from data of the perfusion 430, the arterial oxygen saturation
390 and the venous oxygen saturation 490. The complexion
value 410 and the body fat content 440 are also taken into
account.

[0056] In FIG. 8 an alternative sensor arrangement of the
inventive measuring device is illustrated. Similar to the rep-
resentation in FIG. 1 FIG. 8 shows a view of the measuring
head surface to be brought into contact with the skin of a user
of the measuring device. The representation in FIG. 8 is
significantly enlarged. The surface needed for the sensor ele-
ments may be as small as approximately 0.5 to 2 cm?.

[0057] In the exemplary embodiment depicted in FIG. 8
two radiation sources 4 and 4' are provided which irradiate
different volume areas of the body tissue to be examined. For
this purpose the two radiation sources 4 and 4' have different
spatial radiation characteristics, i.e. different dispersion
angles or beamwidths. Radiation source 4 is a light-emitting
diode whereas a laser is employed as radiation source 4, for
example a so-called VCSEL laser (vertical cavity surface
emitting laser). Both the light-emitting diode 4 and the laser 4'
emit light of very similar wavelength (e.g. 630 nm and 650
nm) but at different beam angles (e.g. 25° and 55°). As has
been described above, the arrangement shown in FIG. 8
enables a differential measurement of metabolism-induced
changes of the oxygen content of the blood to be carried out.
For this purpose the wavelength of the radiation emitted by
each of the two radiation sources 4 and 4' must be in a range
in which the light of oxihemoglobin and deoxihemoglobin is
absorbed differently. For an absolute measurement of the
oxygen content of the blood (oxygen saturation) further
radiation sources (not included in FIG. 8) must be provided
the light wavelength of which is in a spectral range where the
light absorption of oxihemoglobin and deoxihemoglobin is
mainly identical (so-called isobectic point). The light emitted
by the light-emitting diode and laser may be conducted to the
respective location on the measuring head with the help of
suitable optical fibers. In such a case FIG. 8 shows the rel-
evant fiber ends which have reference numbers 4 and 4'. It is
possible to connect the light-emitting diode and the laser to
the respective fibers in such a way that they irradiate the body
tissue to be examined at the desired different beam or opening
angles. Accordingly, different body tissue volumes are exam-
ined with the two radiation sources. On account of the larger
beam angle the proportion of the non-perfused epidermis of
the body tissue examined by means of the light-emitting
diode is greater than with the laser. The light of radiation
source 4 and radiation source 4' scattered and to some extent
absorbed by the body tissue is detected with the aid of radia-
tion sensors 5 arranged at distances equally spaced to each
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other. Said sensors may be photodiodes. Preferably, the pho-
todiodes are not arranged directly on the surface of the mea-
suring head. Instead, the light is conducted to the photodiodes
via optical fibers. To distinguish the light of radiation source
4 from the light emitted by radiation source 4' the two light
sources 4 and 4' may be operated differently in a time modu-
lated fashion with the signals detected via the sensors 5 being
demodulated as required. An alternative approach is to dis-
tinguish the radiation emitted by the two radiation sources 4
and 4' on the basis of different wavelengths. The intensity of
the radiation emitted by the radiation sources 4 and 4' weak-
ens as a function of the length of travel when passing through
body tissue, with the relationship existing between intensity
attenuation and the concentration of the absorbing substance
(oxygenated hemoglobin) being defined by the known Lam-
bert-Beer law. By means of the equidistantly arranged sensors
5 shown in FIG. 8 the desired parameters of the intensity
attenuation can be determined with great accuracy, that is
tenuation can be determined with great accuracy, that is sepa-
rately for the volume areas of the examined body tissue cov-
ered by each of the radiation sources 4 and 4'. The intensity
attenuation parameters assigned to the different radiation
sources 4 and 4' can be related to each other by means of the
evaluation unit of the inventive measuring device to enable a
differential measurement to be achieved in this way. In the
simplest case quotients or ratios are calculated from the inten-
sity attenuation parameters of the radiation emitted by the two
radiation sources 4 and 4'. Variations of these quotients enable
conclusions with respect to changes that have occurred in the
metabolism. For example, if the blood glucose level rises after
food substances have been ingested the amount of glucose
admitted to the cells of the body tissue increases (after a
certain delay) and the glucose is converted in the cells which
results in oxygen being consumed. The required oxygen is
transported to the cells via the blood. In this process oxygen-
ated hemoglobin becomes deoxygenated hemoglobin due to
oxygen being released. Accordingly, the ratio of deoxygen-
ated hemoglobin to oxygenated hemoglobin increases. Due
to the differently sized beam angles of the radiation emitted
by radiation sources 4 and 4' the changes in hemoglobin
concentration have a different effect on the respective inten-
sity attenuation. From the quotients of the intensity attenua-
tion parameters changes of the hemoglobin concentration can
thus be detected. It is thus possible to indirectly make con-
clusions as to the consumption of oxygen. Since the blood
glucose level also has an influence on the oxygen consump-
tion the differential measurement of the radiation absorption
as described thus enables the blood glucose level to be deter-
mined as well. Expediently, a bioimpedance analysis is addi-
tionally performed together with the optical measurement,
with the electrodes 7' and 7" illustrated in FIG. 8 being pro-
vided for this purpose. Purpose of the bioimpedance measure-
ment is primarily to determine the local perfusion. This mea-
surement yields further parameters on which the
determination of the oxygen consumption and thus the blood
glucose level may be based. In the embodiment example
shown in FIG. 8 the electrodes 7' and 7" are arranged on
opposite sides of radiation sources 4 and 4' and radiation
sensors 5 to make sure the same area of the examined body
tissue is covered by the bioimpedance measurement and opti-
cal measurement.

[0058] FIG. 9 illustrates a simple and cost-effective way to
provide and implement two radiation sources 4 and 4' having
different spatial radiation characteristics. For this purpose, a
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single radiation-emitting element 10, for example a light-
emitting diode, is used the light of which is conducted
through an optical fiber 11. At a suitable location the optical
fiber is split into two fiber branches. Via fiber branch 12 the
light is directly admitted to the body tissue 240 under exami-
nation. In the other fiber branch an additional optical element
13, for example a lens, is provided so that a smaller radiation
angle may be obtained, for instance. Each of the fiber
branches illustrated in FIG. 9 thus constitutes a radiation
source 4 or 4', as represented in FI1G. 8.

1: Measuring device for the non-invasive determination of
physiological parameters, with said device being provided
with at least one optical measuring unit (100) generating
oximetric and/or plethysmographic measuring signals, and
with an evaluation unit (140) for processing the measuring
signals,

whetein,

the evaluation unit (140) is designed such that at least one

local metabolism parameter is determined, especially
the local oxygen consumption. from the signals fur-
nished by the local measuring unit (100).

2: Measuring device according to claim 1, comprising a
unit (120, 130) for the acquisition of local tissue parameters
such as fat content, water content and/or blood perfusion,
with the evaluation unit (140) being designed such that the at
least one local metabolic parameter is determined from the
signals furnished by the optical measuring unit (100) and
obtained from tissue parameters.

3: Measuring device according to claim 2, wherein the unit
for the acquisition of local tissue parameters embraces a
bioelectric impedance measuring unit (130).

4: Measuring device according to claim 3, wherein the
bioelectric impedance measuring unit (130) is designed such
that it additionally detects global tissue parameters, such as
the global fat content and/or global water content.

5: Measuring device according to claim 2, wherein the unit
for the detection of local tissue parameters embraces an opti-
cal radiation source (4) and a radiation sensor (5).

6: Measuring device according to claim 2, comprising a
heat sensor (6) for the determination of the heat dissipated via
the skin surface, with the evaluation unit (140) being designed
to determine the local metabolic parameters taking the signals
of the heat sensor (6) into account.

7: Measuring device according to claim 2, comprising an
optical sensor for the spatially resolved determination of the
skin complexion.

8: Measuring device according to claim 2, comprising an
ECG unit (132) for the collection of an ECG signal via two or
more ECG electrodes (7, 9), with the evaluation unit (140)
being designed for the assessment of the time characteristics
of the ECG signal.

9: Measuring device according to claim 8, wherein the
evaluation unit (140) is designed for the assessment of the
time characteristics of a plethysmographic signal detected by
the device, and/or for the determination of the pulse wave
velocity based on the time characteristics of the ECG signal
and the plethysmographic signal.

10: Measuring device according to claim 2, comprising a
storage unit (170) for the storage of the parameters deter-
mined by means of the evaluation unit (140).

11: Measuring device according to claim 2, comprising a
diagnostic unit (150) for the assessment of the parameters
determined by means of the evaluation unit (140) and record-
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ing of parameter changes, with site and time of the measure-
ments being taken into account.

12: Measuring device according to claim 1, wherein the
diagnostic unit (150) is designed for the determination of the
status of the cardiovascular system based on parameters
ascertained by means of the evaluation unit (140).

13: Measuring device according to claim 4, wherein the
diagnostic unit (150) is designed for the calculation of a
global fitness index on the basis of the status of the cardio-
vascular system and the global tissue parameters.

14: Measuring device according to claim 1, wherein the
optical measuring unit (100) is provided with at least one
radiation source (4) for the irradiation of the body tissue (240)
to be examined, and at least one radiation sensor (5) for the
detection of the radiation scattered and/or transmitted by the
body tissue (240).

15: Measuring device according to claim 14, wherein the
optical measuring unit (100) is provided with at least one
radiation source (4) for the irradiation of the body tissue (240)
10 be examined, and at least two radiation sensors (5) for the
detection of the radiation scattered and/or transmitted by the
body tissue (240), with the radiation sensors (5) being located
at different distances to the radiation source.

16: Measuring device according to claim 14, wherein at
least two radiation sources (4, 4") are provided which irradiate
different volume areas of the body tissue (240) to be exam-
ined.

17: Measuring device according to claim 16, wherein the at
least two radiation sources (4, 4') have different spatial radia-
tion characteristics.

18: Measuring device according to claim 16, wherein the
evaluation unit (140) is designed for the determination of the
at least one local metabolic parameter based on the radiation
of the two radiation sources (4, 4') scattered and/or transmit-
ted by the body tissue (240).

19: Measuring device according to claim 18, wherein the
evaluation unit (140) is furthermore designed for the deter-
mination of the local oxygen consumption and/or the blood
glucose level based on the intensities of the radiation emitted
by the two radiation sources (4, 4') and scattered and/or trans-
mitted by the body tissue (240).

20: Measuring device according to claim 16, wherein the
wavelength of the radiation emitted by each of the two radia-
tion sources is in the range of between 600 and 700 nm,
preferably between 630 and 650 nm.

21: Measuring device according to claim 14, wherein the
radiation sources (4, 4') and the radiation sensors (5) are
arranged on a measuring head (3).

22: Measuring device according to claim 21, wherein the
measuring head (3) comprises electrodes (7) for the bioelec-
tric impedance measurement.

23: Measuring device according to claim 22, wherein at
least one of the electrodes (7) is also designed as an ECG
electrode.

24: Measuring device according to claim 21, wherein the
measuring head (3) comprises at least one heat sensor (6).

25: Measuring device according to claim 21, wherein the
measuring head (3) is arranged at the front end of a common
casing (2) which accommodates the optical measuring unit
(100) and the evaluation unit (140) so that the design of the
entire device (1) enables it to be hand-guided.

26: Measuring device according to claim 23, wherein the
casing (2) is provided with an additional ECG electrode (9)
located on the outer side.
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27: Measuring device according to claim 26, wherein the
additional ECG electrode (9) is also designed for bioelectrical
impedance measurement purposes.

28: Measuring device according to claim 1, comprising an
indicator unit (8) displaying the local oxygen concentration
of the blood and/or the at least one local metabolic parameter.

29: Measuring device according to claim 1, comprising an
interface (180) connecting the measuring device (1) with a
computer or another device.

30: Measuring device according to claim 1, wherein said
device is of miniature design and integrated into an object
worn on a user’s body.

31: Method for the collection and evaluation of physiologi-
cal parameters, in particular through the use of a measuring
device according to claim 1, by means of which

oximetric and/or plethysmographic measuring signals

from body tissue (240) are collected by means of an
optical measuring unit (100),
and the oximetric and/or plethysmographic measuring sig-
nals are processed by means of an evaluation unit (140)
for the purpose of determining the pulse and/or the local
oxygen concentration,
wherein by means of the evaluation unit (140) at least one
local metabolic parameter, in particular the local oxygen con-
sumption, is determined on the basis of the oximetric signals.

32: Method according claim 31, wherein local tissue
parameters such as fat content, water content and/or perfusion
are collected/detected, with the at least one local metabolic
parameter being determined on the basis of the oximetric
signals and the local tissue parameters.

33: Method according to claim 32, wherein the local tissue
parameters are collected/detected by means of bioelectrical
impedance measurement.

34: Method according to claim 32, wherein the local tissue
parameters are collected/detected optically.

35: Method according to claim 32, wherein the local tissue
parameters are collected/detected by means of spatially
resolved heat measurement.

36: Method according to claim 31, comprising a collection/
detection of an ECG signal conducted in addition to the
collection/detection of the oximetric measuring signals.

37: Method according to claim 36, wherein by means of the
evaluation unit (140) a cardiovascular parameter is deter-
mined on the basis of the plethysmographic measuring sig-
nals and the ECG signal.

38: Method according to claim 31, comprising a collection/
detection of global tissue parameters, such as fat content
and/or water content.

39: Method according to claim 37, wherein a global fitness
index is calculated on the basis of the cardiovascular param-
eter and the global tissue parameters.

40: Method according to claim 31, wherein different vol-
ume areas of the examined body tissue are irradiated by
means of the optical measuring unit (100), with the at least
one local metabolic parameter being determined on the basis
of the radiation scattered and/or transmitted by the body
tissue (240) in the different volume areas.

41: Method according to claim 40, wherein the optical
measuring unit (100) embraces at least two radiation sources
(4, 4') with different spatial radiation characteristics, with the
local oxygen consumption and/or the blood glucose level
being determined based on the intensity of the radiation of the
two radiation sources (4, 4') scattered and/or transmitted by
the body tissue (240).

k ok ok k%



TRAFROE) ErNERE
NIF(2E)E US20090253968A1
RS US11/990317

[#R]EE (TR AGE) CHO OK KYUNG

&1
B (E R AGR) CHO OK KYUNG
£AE
LFEAFERMNN)AGE) FLORE , INGO

[FR]&Z A A CHO OK KYUNG
KIM YOON OK
KA CHO, OK KYUNG
KIM, YOON OK
IPCH %5 A61B5/053 A61B5/1455 A61B5/00
CPCH¥E=
/0537
£ 5 102005051030 2005-10-25 DE
102005038035 2005-08-09 DE
H N FF 3Tk US8428673
ShEBEEEE Espacenet  USPTO
HE(R)

TERASR—MHATEANECESHEHNERE (1), WEKE
(1) BTELBYWEBERNMEN , flIE , MERFEL. &
KBARHE-—TNERE (1) , HEEEL> - MNATEOENEFN/H
HIREENEESSHAENESLT (100) , LENEESHITEET
(140) , AR ¥ (120,130 ) ATHREBEWERESE , KEEM/HM
BEENRIERSE , EhiTEE T (140 ) WIRITREBMNESHEE
EL—NRHERESYE , BIRBRHEEE, AXFNELTREHM
HASHRE. i, NEXKE (1) B L BEEMREAKT,

2009-10-08

2006-08-09

patsnap

A61B5/0059 A61B5/01 A61B5/0402 A61B2560/0468 A61B5/14551 A61B5/444 A61B5/445 A61B5



https://share-analytics.zhihuiya.com/view/36cd1223-40fe-42ce-adfe-5bd19677d11c
https://worldwide.espacenet.com/patent/search/family/037681188/publication/US2009253968A1?q=US2009253968A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090253968%22.PGNR.&OS=DN/20090253968&RS=DN/20090253968

