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DIAGNOSTIC MEASURING DEVICE

[0001] The invention relates to a diagnostic measuring
device for non-invasive determination of at least one physi-
ological parameter of body tissue, having an optical measur-
ing unit that comprises at least one radiation source for irra-
diating the body tissue to be examined, and at least one
radiation sensor for detecting the radiation scattered and/or
transmitted by the body tissue.

[0002] Ttis known that supplying the body tissue with oxy-
gen is one of the most important vital functions of human
beings. For this reason, oximetric diagnosis modalities are of
great importance in medicine nowadays. So-called pulse
oximeters are routinely used. The diagnostic sensor unit of
such pulse oximeters typically comprises an optical measur-
ing unit with two light sources, which radiate red or infrared
light of different wavelengths 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 (photodiode). The intensity of the
scattered light detected by means of the light sensor varies as
a function of how strongly the body tissue being examined is
perfused by oxygen-rich or oxygen-poor blood. Accordingly,
the oxygen saturation of the blood can be measured by means
of the pulse oximeters. The known pulse oximeters are fur-
thermore able to produce a plethysmographic signal, i.e. a
volume pulse signal, which reproduces the variable amount
of blood in the microvascular system being detected by the
pulse oximeters, which amount changes during a heartbeat
(so-called photoplethysmography).

[0003] Thepresent invention is based on the task of making
available a diagnostic measuring device for non-invasive
determination of physiological parameters, which device has
a compact structure and can be produced in cost-advanta-
geous manner.

[0004] This task is accomplished by the invention, proceed-
ing from a measuring device of the type indicated initially, in
that the at least one radiation source is disposed in a hollow
reflector, which preferably reflects in diffuse manner.

[0005] Theembodiment of the measuring device according
1o the invention permits a particularly compact and robust
structure. The hollow reflector can be configured in the man-
ner of a so-called Ulbricht sphere, for example, whereby the
geometry of the hollow reflector in the sense of the invention
is not restricted to a spherical shape. An Ulbricht sphere is a
hollow body coated on the inside so as to be diffusely reflec-
tive. The radiation of the light source that is reflected and
scattered on the inside is almost ideally diffuse, i.e. the direc-
tional characteristics of the radiation source, for example the
light-emitting diode, are cancelled out, to a great extent. In
this connection, the hollow reflector does not necessarily have
to be hollow, but can also be produced from transparent
material that is coated on the outside. In this connection, the
actual radiation source (for example the LED chip) can be
embedded in the material of the hollow reflector, whereby the
power supply can be provided by way of a wire connection
that is passed out of the hollow reflector. In this manner, the
optical measuring unit can be miniaturized. The hollow
reflector can be pre-manufactured at low costs, in large num-
bers, as a very compact component.

[0006] According to an alternative embodiment, the hollow
reflector can be formed by a chip housing that accommodates
the radiation source and/or the radiation sensor within itself,
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whereby the radiation source and the radiation sensor, in each
instance, comprise at least one semiconductor body that is
contacted by way of conductor tracks (for example of a so-
called lead frame) that run in the interior of the chip housing
and/or by way of bond wire connections. In this connection,
the chip housing has passage openings on its top, for allowing
the radiation emitted by the radiation source to pass through
into the body tissue to be examined and/or for allowing the
radiation scattered and/or transmitted by the body tissue to
pass through. The chip housing essentially forms the man-
tling of the semiconductor body (ofthe chips) of the radiation
source (LED) and/or of the radiation sensor (photodiode).
Furthermore, the connection parts (leads, pins, or balls) are
disposed on the chip housing. Thus, the chip housing serves to
attach the semiconductor bodies on a circuit board of the
measuring device, for example, and to connect the semicon-
ductor bodies with a circuit on the circuit board. The chip
housing brings about protection of the semiconductor bodies.
The connections of the semiconductor bodies are bonded
(connected) to an intermediate material, for example by
means of bonding wire. This intermediate material can be a
punched metal sheet (lead frame) or a small circuit board as a
substrate. The connection to the circuit board of the measur-
ing device takes place exclusively by way of the external
connection points of the chip housing. After attachment and
wiring ofthe semiconductor bodies on the intermediate mate-
rial, it is practical if they are hermetically protected from
ambient influences by means of different materials (plastic,
ceramic, metal). In this connection, the passage openings for
the light entry and/or light exit are disposed on the top of the
chip housing. These openings can be closed off by means of
transparent plastic (for example epoxy resin), or quartz glass,
so that the semiconductor bodies are not directly exposed to
the surroundings. According to the invention, the chip hous-
ing simultaneously functions as a hollow reflector. For this
purpose, the chip housing can be coated with a diffusely
reflective material on its inner walls. The radiation ofthe light
source, which is reflected and scattered in the interior, possi-
bly multiple times, is almost ideally diffuse, similar to the
case of use of the Ulbricht sphere described above, i.e. the
directional characteristics of the radiation source, for
example the light-emitting diode, are cancelled out, to a great
extent. The radiation of the radiation source therefore leaves
the chip housing at avery great angle of radiation of more than
90°, preferably of more than 100°, something that would not
be possible with a conventional optic connected with the
(miniaturized) chip housing.

[0007] According to a preferred embodiment of the mea-
suring device, an EKG unit for detecting an EKG signal by
way of two or more EKG electrodes is provided, whereby at
least one EKG electrode is assigned to the EKG unit at the
housing surface of the sensor housing. Furthermore, a bio-
electrical impedance measuring unit is provided, whereby at
least one feed or measuring electrode is affixed to the housing
surface of the sensor housing, in such a manner that the EKG
electrode and the feed or measuring electrode touch the skin
surface in the region of the body tissue being detected by the
optical measuring unit.

[0008] By means of the integration of an optical measuring
unit and an EKG unit, according to the invention, a compact
arrangement is created, which yields a large number of diag-
nostic measurement values. These can be evaluated individu-
ally or in combination, in order to obtain meaningful infor-
mation concerning the state of health of the patient being
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examined, in fast and reliable manner. The compact measur-
ing device can be pre-manufactured as a completely func-
tional part, in cost-advantageous manner, in large numbers,
and integrated into diagnosis devices of the most varied kinds.
The actual measurement can be carried out in particularly
simple and convenient manner. For this purpose, the surface
of the sensor housing is brought into contact with the skin, in
the region of the body tissue to be examined, something that
can take place, for example, by laying a finger of the patient
onto the housing surface of the sensor unit. The optical mea-
surement, the EKG recording, and the impedance measure-
ment then take place simultaneously, by way of the skin
location that is touching the sensor unit.

[0009] The EKG unit of the sensor unit according to the
invention serves for determining an EKG signal by way of
wo or more EKG electrodes. In this way, the functional scope
of the sensor unit according to the invention is advanta-
geously expanded as compared with conventional systems.
The sensorunitaccording to the invention makes it possible to
detect and evaluate pulse oximetry signals and EKG signals
in combination. It is practical, for this purpose, if an evalua-
tion unit for evaluating the time progression of the optically
measured volume pulse signals and of the EKG signals is
provided. This evaluation unit can be an integral component
ofthe measuring device. Likewise, it can be provided that the
evaluation unit is separate from the measuring device,
whereby the measurement signals are transmitted to the
evaluation unit by way of a suitable data connection. The
evaluation unit is able, by means of suitable program control,
to automatically recognize the R spikes in the EKG signal, for
example. In this way, the precise time point of the heartbeat is
determined automatically. Furthermore, the evaluation unit is
able, on the basis of suitable program control, to recognize the
maxima in the volume pulse signal. The time point of arrival
of a pulse wave triggered during a heartbeat at the peripheral
measurement location detected by the sensor unit can be
determined on the basis of the maxima in the volume pulse
signal. Thus, finally, the time interval between an R spike in
the EKG signal and the subsequent maximum in the volume
pulse signal can be determined. This time interval is a mea-
sure of the so-called pulse wave velocity. On the basis of the
pulse wave velocity, a statement concerning the blood pres-
sure can be made, on the one hand. This is because shortening
of the pulse wave velocity is accompanied by an elevation in
blood pressure, while lengthening of the pulse wave velocity
permits the conclusion of lowering of blood pressure. How-
ever. precise determination of the blood pressure from the
pulse wave velocity is not possible; only tendencies can be
indicated. Furthermore, the pulse wave velocity is dependent
on the density of the blood and, in particular, on the elasticity
of the blood vessel walls (for example of the aorta). In turn, a
conclusion concerning arteriosclerosis that might be present
can be drawn from the elasticity of the blood vessels. The
absolute values of the heart rate, heart rate variability, and
corresponding cardiac arrhythmias can also be included in
this evaluation. For example, arrhythmias such as sinus tachy-
cardia, sinus bradycardia, sinus arrest, and so-called escape
beats can be determined automatically. Furthermore, state-
ments concerning the time duration of the atrial contraction as
well as the duration of relaxation of the heart chamber, etc.,
can be established on the basis of the EKG signal. Further-
more, preliminary diagnoses with regard to so-called blocks
in the line of the electrical excitation signals at the heart (AV
block, bundle branch block, etc.) and also with regard to

Jan. 19,2012

perfusion problems or infarctions, are also possible. Other
irregularities in the pulse progression can be determined on
the basis of the volume pulse signal.

[0010] The invention is based, among other things, on the
recognition that the possibility of determining metabolic
parameters is opened up by means of combining different
diagnosis modalities in a single measuring device.

[0011] According to the invention, a conventional (optical)
oximetry unit is therefore combined not just with an EKG
unit, but also with a bioelectrical impedance measuring unit,
in a single measuring device. The composition of the body
tissue being examined, for example, can be determined from
the measurement signals obtained by means of the bioelec-
trical impedance measuring unit. On this basis, it is then
possible, preferably by means of a suitable program-con-
trolled evaluation unit, which is connected with the measur-
ing units of the measuring device according to the invention,
to determine the capillary oxygen saturation in the tissue from
the oximetric signals of the sensor unit. The arterial oxygen
saturation (Sa0,) and the venous oxygen saturation (SvO,)
determine the capillary (arteriovenous) oxygen saturation
(8t0,), depending on the type of tissue being examined. The
following holds true:

K#Sv0,+{1-K)*S20,=S10,,

where K is a tissue-dependent correction factor that depends
on the volume ratio of arteries to veins in the tissue being
examined. On average, this value lies slightly below 0.5. The
value decisive for the tissue in question can be determined,
according to the invention, by measuring the bioelectrical
impedance, in order to then determine the venous oxygen
saturation from the above formula. The sensor unit according
to the invention can be used to determine the perfusion 'V, i.e.
the perfusion-related volume variation of the body tissue
being examined. Finally, according to the equation

V0,=F*(520,-50,)

the local oxygen consumption VO, can then be calculated;
this represents a measure of the metabolic activity at the
measurement location.

[0012] Feed or measuring electrodes are disposed on the
housing surface of the sensor housing for the bioelectrical
impedance measurement, so that the bioimpedance measure-
ment can take place simultaneously with the oximetry mea-
surement and EKG measurement. In this connection, the
same region of the body tissue, namely the location where the
patient is touching the surface of the sensor housing, is
detected simultaneously by all the measurement modalities.
[0013] According to the invention, at least one EKG elec-
trode and at least one feed or measuring electrode of the
impedance measuring unit are disposed on the surface of the
sensor housing. It is practical if the other EKG electrode and,
if applicable, another feed and measuring electrode of the
impedance measuring unit, are disposed in such a manner that
the patient can touch all the electrodes with different extremi-
ties, for example one of the electrodes, in each instance, with
each hand.

[0014] According to an advantageous embodiment, the
measuring device comprises an integrated temperature or
heat sensor. This sensor can be used to determine the local
heat production. In the simplest case, the temperature sensor
(for example an NTC element) is configured for measuring
the surface temperature of the skin at the measurement loca-
tion. Preferably, a location-resolved, time-resolved, and
depth-resolved heat measurement at the measurement loca-
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tion is possible by means of the heat sensor. Based on the heat
exchange, conclusions can be drawn with regard to the local
metabolic activity. Furthermore, the heat sensor is suitable for
determining the local perfusion. With regard to more detailed
background information concerning heat measurement, ref-
erence is made to the publication by Nitzan et al. (Meir
Nitzan, Boris Khanokh, “Infrared Radiometry of Thermally
Insulated Skin for the Assessment of Skin Blood Flow,” Opti-
cal Engineering 33, 1994, No. 9, p. 2953 to 2956). In total, the
heat sensor yields data that can advantageously be used to
determine metabolic parameters.

[0015] A combination of the aforementioned measurement
methods, according to the invention, namely oximetry, EKG
measurement, temperature measurement or heat measure-
ment, and bioelectrical impedance measurement, is particu-
larly advantageous. All the measurement signals can be
evaluated and combined by means of a suitable algorithm. A
high level of efficacy, redundancy, and reliability in the rec-
ognition of pathological changes is achieved by means of
combining the different measurement modalities. All the
parameters can advantageously be combined into a global
index that can easily be interpreted by the user and gives
him/her a direct and well-founded indication of his/her gen-
eral state of health.

[0016] The combination of the different measurement
modalities, which are brought together in the measuring
device according to the invention, as described above, is
furthermore advantageous because in this way, anon-invasive
indirect measurement of the glucose concentration is pos-
sible. The determination of the blood glucose level by means
of the device according to the invention will be explained in
greater detail in the following:

[0017] The metabolism of the human body, in the normal
state, 1.e. at rest and in the so-called thermoneutral zone, is
essentially determined by the glucose metabolism. For this
reason, the glucose concentration in the cells of the body
tissue, in this normal state, can be described as a pure function
of heat production and of oxygen consumption. The follow-
ing applies:

[Glul=f{(AZ VO,)

where [Glu] stands for the glucose concentration. The heat
production AT can be determined by means of the heat sensor
of the sensor unit according to the invention, for example
from the difference between the arterial temperature and the
temperature that the skin surface would reach in the case of
perfect thermal insulation (AT=T.-T,,,,). f; (AT, VO,)
indicates the functional dependence of the glucose concen-
tration on the heat production and on the oxygen consump-
tion. The oxygen consumption is obtained, as has already
been described above, from the difference between venous
and arterial oxygen saturation and perfusion. To determine
the glucose concentration during or directly after food intake,
however, a correction term has to be taken into consideration,
which reproduces the proportion of the fat metabolism as part
of the energy metabolism. It then holds true that:

[Glu]=VO,)+X*FOs)

X is a factor that is negative after food intake. In this connec-
tion, X depends on the composition of the food taken in. In
particular, X is dependent on the ratio by which fat and
carbohydrates are involved in the metabolism. The factor X
can be determined, as has been described above, on the basis
of the time progression of the pulse wave velocity. X is 0 if
pure carbohydrates or glucose directly are consumed. The

Jan. 19,2012

amount of X increases, the greater the proportion of fat in the
food consumed. To determine the correction factor X from the
time progression of the pulse wave velocity, the blood pres-
sure amplitude and/or the pulse, a calibration for adaptation to
the user of the device, in each instance, will normally be
necessary. 12 (AT, VO,) indicates the functional dependence
ofthe glucose concentration on the heat production and on the
oxygen consumption, for the fat metabolism.

[0018] The measuring device according to the invention
can therefore be used to determine the local glucose concen-
tration from the local oxygen consumption and the local heat
production. For this purpose, the measuring device has the
suitable measuring modalities. The determination of the oxy-
gen consumption can take place, as has been explained above,
by means of combining oximetry with a bioelectrical imped-
ance measurement. In order to determine the heat production,
the aforementioned heat sensor is then additionally required.
In order to finally be able to determine the glucose concen-
tration according to the functional relationship indicated
above, the correction factor X should also be determined, for
example from the time progression of the pulse wave velocity.
This can take place, as has also been explained above, by
means of a combined measurement of EKG signals and
plethysmographic signals. It is therefore practical if a pulse
oximeter, an EKG unit, a bioelectrical impedance measuring
unit, and a heat sensor are combined in the measuring device
according to the invention.

[0019] The method outlined above at first allows only a
determination of the intracellular glucose concentration. The
following relationship exists with the blood glucose concen-
tration, in simplified terms:

[Glu],ci=a+b*In(c*[Glul o)

[0020] The constants a, b, and ¢ depend on the individual
physiology of the patient being examined. These parameters
can be determined by means of corresponding calibration, for
example by means of a comparison with blood glucose values
determined invasively, in conventional manner.

[0021] According to the invention, the optical measuring
unit, the EKG unit, the impedance measuring unit, and, if
applicable, the temperature or heat sensor, are accommodated
in a common sensor housing. It is practical if the at least one
EKG electrode and the at least one feed or measuring elec-
trode of the impedance measuring unit are configured as a flat
foil or sheet made of electrically conductive material, on the
top of the sensor housing. In this connection, the sheet or foil
can have at least one recess for passage of the radiation
emitted by the at least one radiation source into the body
tissue to be examined, or for passage of the radiation scattered
and/or transmitted by the body tissue into the radiation sensor.
Another recess can be provided for the temperature or heat
sensor. The radiation source, the radiation sensor, and the
temperature or heat sensor can be disposed on a common
circuit board, within the sensor housing. Thus, the required
measuring modalities are combined in the sensor housing,
which forms a unit that can be easily and flexibly integrated
into any desired diagnosis device. The sensor housing can
have dimensions of less than 1 cmx1 cmx1 ¢m, so that it can
be easily and flexibly used in the sense of the invention. In this
connection, it is practical to use at least one EKG electrode
simultaneously also as a feed or measuring electrode for the
bioimpedance measurement. In total, an extremely compact
integrated measuring device is obtained, which contains dif-
ferent measuring modalities. The same region of the body
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tissue to be examined (for example a fingertip of a patient that
is touching the surface of the sensor housing) can be detected
by all the measuring modalities, in order, as has been
explained above, to examine the metabolism and the cardio-
vascular system of the patient at the same time. This makes
conducting a measurement extremely simple and effective.

[0022] According to a preferred embodiment of the inven-
tion, the bioelectrical impedance measuring unit is set up for
detecting an impedance measurement signal from the skin
surface, by way of at least one pair of measuring electrodes. In
this connection, the electrode distance of the pair of measur-
ing electrodes amounts to less than a millimeter to as much as
several centimeters, in such a manner that during the measur-
ing process, both electrodes of the pair of measuring elec-
trodes touch the skin surface of the patient being examined in
the same region, at the same time, for local detection of the
impedance measurement signal. By means of shortening the
electrode distance to less than a millimeter to as much as
several centimeters, integration does not take place over the
entire body, as is the case with conventional bicimpedance
measuring methods, but rather the bioelectrical impedance is
recorded locally. According to the invention, all the elec-
trodes touch one and the same local region of the skin surface,
i.e. all the electrodes are touched with the same body part (for
example hand, finger, foot, or toe) of the patient being exam-
ined.

[0023] It is practical if the measuring device according to
the invention has a pair of feed electrodes for applying an
alternating current of variable frequency to the body tissue of
the patient being examined, by way of the skin surface, for
measuring the local resistance and reactance, specifically in
the region of the skin surface that touches the measuring
electrodes.

[0024] Preferably, the distance between the feed electrodes,
corresponding 1o the measuring electrodes, amounts to a few
millimeters to several centimeters. An embodiment in which
the measuring and feed electrodes are configured as contact
strips that run parallel to one another has proven to be par-
ticularly advantageous. This makes it possible to determine
the local impedance of the body tissue without any distorting
influences, for example caused by transition resistances
between electrodes and skin surface.

[0025] To produce the alternating current of variable fre-
quency, the measuring device according to the invention has
an alternating current generator. The impedance measure-
ment signal is digitalized by an analog/digital converter, and
afterwards subjected to discrete Fourier transformation
(DFT). The DFT algorithm then yields the real and the imagi-
nary part of the impedance, i.e. the resistance value and the
reactance value. These values can be processed further digi-
tally, for an evaluation.

[0026] Preferably, the electrode distance amounts to as
much as maximally 10 cm, particularly preferably 50
micrometers to 5 cm, furthermore preferably 100 microme-
ters to 1 cm, most preferably 1 mm to 5 mm.

[0027] Ttis possible to determine local time changes in the
impedance by means of the configuration of the measuring
device according to the invention. For this purpose, it is
practical if the measuring device has an evaluation unit con-
nected with the impedance measuring unit. The evaluation
unit can be program-controlled, so that the evaluation of the
impedance measurement signals can be flexibly imple-
mented, by means of software.
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[0028] Forexample, the local bioimpedance changes on the
basis of the changing amount of blood over the course of a
pulse beat, thereby making it possible to determine the heart
rate by way of the local bioelectrical impedance. In this con-
nection, the pulse amplitude is determined at the same time,
as an important physiological parameter. It has been shown
that this pulse amplitude correlates with the body tempera-
ture, i.e. itis possible to determine the temperature of the body
location being examined, using the bioimpedance analysis.
Furthermore, the local bioimpedance depends on the amount
of fluid, i.e. on the local amount of blood in the tissue being
examined, thereby making it possible to determine the local
perfusion (the local volume variation that is related to perfu-
sion, for example in the form of a volume pulse signal) of the
tissue being examined. Finally, the local bioelectrical imped-
ance of the body changes as a function of food intake, so that
the metabolism, which is known to be determined by the
blood glucose level, can be examined using the bioimped-
ance. The measuring device according to the invention thus
allows non-invasive monitoring of the blood glucose value,
also by way of the impedance measuring unit, whereby the
effect of glucose and the energy demand of physiological
reactions in the body initiated by glucose, respectively, are
examined. It is possible to make statements concerning the
blood glucose level and its time progression based on the
recorded impedance measurement signals, by means of a
suitable algorithm that is implemented in the evaluation unit
by means of software.

[0029] According to another preferred embodiment of the
measuring device according to the invention, a fixation device
is provided for fixing a body part, for example a finger of the
patient being examined, in place. In the case of impedance
measurements and also in the case of pulse oximetry mea-
surements, the contact pressure of the body tissue (for
example the finger) on the optical sensor or on the measuring
and feed electrodes of the impedance measuring device,
respectively, has a significant influence on the measurement
signals. According, it can be practical to ensure a defined
contact pressure by means of the fixation device. The fixation
device can comprise an inflatable air cushion, for example,
which (gently) presses the corresponding body part against
the measuring and/or feed electrodes or against the optical
sensors, and fixes it in place there. It is advantageous that
movements of the body part that could distort the measure-
ment result are also prevented by the fixation. The fixation
device can also be a finger clamp of a usual kind.

[0030] In another advantageous embodiment of the mea-
suring device according to the invention, a plurality of feed
and/or measuring electrodes is disposed in the form of a
matrix. This makes it possible to produce different spatial
configurations in the alternating current feed and in the volt-
age measurement. The additional data obtained in this con-
nection make it possible to draw conclusions concerning the
pH value, the pCO, value, the pO, value, as well as the
electrolyte metabolism (Na*, K*, Ca®*, Mg>** concentration,
etc.).

[0031] The optical measuring unit of the measuring device
according to the invention, as has been explained above, has
aradiation source for irradiating the body tissue being exam-
ined with electromagnetic radiation, and at least one radiation
sensor for detection of the radiation scattered and/or trans-
mitted by the body tissue. Usual light-emitting diodes or also
laser diodes, which emit optical radiation, i.e. light in the
corresponding spectral range, are possible as a radiation
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source. It has proven to be particularly advantageous if the
radiation absorption in the body tissue being examined is
measured at at least two or better three different light wave
lengths, using the device according to the invention, in order
to determine the oxygen concentration of the blood and the
perfusion of the tissue from this.

[0032] According to a practical embodiment, the optical
measuring unit of the measuring device according to the
invention has at least two radiation sensors for detection of the
radiation scattered and/or transmitted by the body tissue,
whereby the radiation sensors are disposed at different dis-
tances from the radiation source. This opens up the possibility
of drawing conclusions concerning the distance traveled by
the radiation in the body tissue, in each instance. On this
basis, the oxygen concentration in the blood and in the tissue
can be examined in tissue layers at different depths. In this
connection, advantage can be taken of the fact that the mea-
surement signals from the tissue layers that lie deeper are
more strongly influenced by the arterial blood, while in the
regions closer to the surface, the radiation absorption is influ-
enced more strongly by the blood in the capillary vascular
system. It is also. practical to use one radiation sensor for
detection of transmitted radiation and another radiation sen-
sor for detection of radiation scattered (back) on body tissue.
The measurement signals detected in transmission, are more
strongly influenced by the absorption in the arterial blood,
while the scattered radiation is mainly derived from tissue
close to the surface, and therefore permits conclusions con-
cerning the absorption and therefore the oxygen content in the
capillary vascular system.

[0033] An embodiment of the measuring device according
to the invention in which the emission of the light of the at
least one radiation source takes place in such a manner that
different volume regions of the body tissue being examined
are selectively irradiated is advantageous. For this purpose,
wo radiation sources can be provided, for example, which
irradiate the different volume regions of the body tissue being
examined. In this way, a differential measurement of the light
absorption can be implemented in simple manner. This makes
it possible to examine metabolism-induced changes in the
perfusion of the body tissue being examined, with oxygen-
rich or oxygen-poor blood.

[0034] In this connection, advantage is taken of the fact that
the local oxygen consumption changes as a function of the
metabolic activity of the tissue. The determination of the
variable oxygen consumption in turn permits conclusions
concerning the local energy consumption, which correlates
directly with the oxygen consumption. It is particularly inter-
esting that in turn, this permits conclusions concerning the
glucose level. Thus, the measuring device according to the
invention advantageously also allows non-invasive determi-
nation of the blood glucose level. These volume regions,
which are selectively irradiated, in each instance, should be
affected differently with regard to perfusion with oxygen-
poor or oxygen-tich blood. This can be achieved, for
example, in that the at least two radiation sources have dif-
ferent spatial emission characteristics. Thus, a light-emitting
diode and a laser that have similar wavelengths (for example
630 nm and 650 nm) can be used as radiation sources, for
example. However, the two radiation sources differ in terms
of the beam width of the emission. While the light-emitting
diode, for example, radiates into the body tissue being exam-
ined at a great beam width, the light of the laser diode enters
into the body tissue at a very small beam width. This has the
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result that different volume regions of the body tissue are
detected by the two radiation sources. Because of the great
beam width, a greater volume region of the non-perfused
epidermis is detected by the light-emitting diode than by the
laser. The non-perfused epidermis is practically not affected
by a change in the hemoglobin concentration. Accordingly,
the intensity of the radiation of the light-emitting diode that is
scattered and/or transmitted by the body tissue is less greatly
dependent on a change in the hemoglobin concentration than
the intensity of the radiation of the laser. A prerequisite is that
the wavelength of the radiation emitted by the two radiation
sources, in each instance, is selected to be such that the
radiation is absorbed to a different degree by oxyhemoglobin
and deoxyhemoglobin, respectively. The wavelength should
therefore lie between 600 and 700 nm, preferably between
630 and 650 am.

[0035] The measuring device according to the invention
can advantageously be configured for determining a meta-
bolic parameter from the radiation of the at least one radiation
source that is scattered and/or transmitted by the body tissue.
If oxygen is consumed in the body tissue being examined,
oxyhemoglobin is converted to deoxyhemoglobin. The
change in the concentration ratio of oxyhemoglobin and
deoxyhemoglobin can be determined by means of a compari-
son of the radiation derived from the selectively irradiated
different volume regions of the body tissue. This in turn
results in the local oxygen consumption and from it, in the
final analysis (indirectly), the blood glucose level.

[0036] An optic that brings about directed emission into the
body tissue can be linked with the hollow reflector provided
according to the invention. Furthermore, the hollow reflector
can have an exit opening through which diffuse emission into
the body tissue takes place. In this manner, the optical mea-
surement described above can take place at different volume
regions of the body tissue.

[0037] Ifthe hollow reflector is a chip housing, as has been
described above, the optic can advantageously be formed by
a transparent plastic material (for example silicone resin or
epoxy resin) that fills the chip housing. This allows a very
compact and robust structure.

[0038] For practical use, the measuring device according to
the invention can be connected with any desired program-
controlled device, for example a computer, a mobile tele-
phone, a handheld, etc., whereby the functions for evaluation
of the measurement signals detected are implemented by
software that runs on the program-controlled device. Because
of the small size of the sensor housing, the latter can also be
integrated into any desired accessory, such as, for example, a
pair of glasses, a wristwatch, a piece of jewelry, or the like, or
into an article of clothing (so-called “smart clothes™). In this
embodiment, for example, the data processing electronics
that are present in the program-controlled device in any case
are used for processing the measurement signals obtained.
This can easily be done by making available corresponding
software. At the same time, the diagnostic data determined by
means of the software can be stored. This makes it possible to
follow up on and document the course of an illness and the
effects of a corresponding therapy. It is practical that remote
data transmission of the diagnostic data detected and evalu-
ated by means of the measuring device can also take place.
The data transmission can take place, for example, by way of
a data network (for example the Internet). Alternatively, the
diagnostic data can be transmitted by way of a mobile radio
network, if the measuring device according to the invention is
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integrated into a mobile telephone, for example. The raw
measurement signals or the evaluated diagnostic data can be
transmitted, for example, to a central location (“healthcare
center”) for more thorough analysis and documentation, as
well as for monitoring of the development of individual val-
ues over time. There, the data are evaluated by means of
suitable analysis algorithms, for example, taking stored
patient data (including data concerning chronic illnesses or
prior illnesses) into account, if applicable. The result in turn
can be sent back to the mobile telephone, for example, by way
of the data or communications network, in each instance, in
order to inform the user of the device about his/her state of
health, accordingly. If necessary, further targeted measure-
ments by means of the device according to the invention can
be initiated from the central location. Furthermore, for the
purpose of an expanded anamnesis, inquiries can be transmit-
ted to the patient by way of the data or communications
network, based on the evaluation results. The data and evalu-
ation results can be automatically transmitted to a treating
physician. If there are indications of a medical emergency
based on the measurement and evaluation results, the required
measures (for example automatic alarm to emergency medi-
cal services) can be initiated immediately. Another advantage
of remote data transmission is that the required software for
evaluation of the measurement signals does not have to be
implemented in the device itself, but rather merely has to be
kept available and administered at the central location where
the data are received.

[0039] In the case of pulse oximetry measurements, the
contact pressure of the body tissue (for example the finger) on
the optical sensor has a significant influence on the measure-
ment signals. Accordingly, it can be practical to equip the
measuring device according to the invention with means for
determining the contact pressure of the body tissue. In this
connection, this can be a conventional pressure sensor, for
example in the form of a piezoresistive element. Optical
methods for determining the contact pressure are also pos-
sible. Itis also possible to determine the contact pressure from
the (pulse oximetry) signals themselves, since the contact
pressure has a characteristic effect on the measurement sig-
nals. The contact pressure that is determined can then be taken
into consideration in the further evaluation of the measure-
ment signals, in order to compensate the influence of the
contact pressure on perfusion, for example.

[0040] Exemplary embodiments of the invention will be
explained in greater detail in the following, making reference
to the drawings. These show:

[0041] FIG. 1 schematic view of the integration of the mea-
suring device according to the invention into a computer
keyboard;

[0042] FIG. 2 representation of the function of the measur-
ing device according to the invention, using a block diagram,
[0043] FIG. 3 another exemplary embodiment of the mea-
suring device according to the invention;

[0044] FIG. 4 hollow reflector with radiation source;
[0045] FIG. 5 exemplary embodiment of a configuration of
the optical measuring unit of the measuring device according
1o the invention;

[0046] FIG. 6 housing surface of the sensor housing with
electrodes, radiation source, radiation sensors, and heat sen-
sor, in a first possible configuration;

[0047] FIG. 7 housing surface of the sensor housing in a
second possible configuration,
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[0048] FIG. 8 configuration of the counter-electrodes for
measuring EKG and bioimpedance;

[0049] FIG. 9 another exemplary embodiment of the mea-
suring device according to the invention;

[0050] FIG. 10 chip housing as a hollow reflector, in a top
view,

[0051] FIG. 11 sectional representation of the chip housing
according to FIG. 10.

[0052] FIG. 1 shows a measuring device according to the
invention, indicated as a whole with the reference number 1,
which is integrated into a computer system consisting of
computer 2 and keyboard 3. The measuring device 1 has
different measurement modalities, which are accessible at the
user interface of the keyboard 3. The user of the computer
system touches this interface with his/her fingertips to per-
form a measurement. Light sources 4, 4', for example in the
form of light-emitting diodes, are integrated into the measur-
ing device 1, which sources are able to emit light at different
wavelengths. For this purpose, different light-emitting semi-
conductor elements are accommodated in a common sensor
housing (the housing of the keyboard in FIG. 1). The use of
light wave guides for guiding the light from various light
sources to the user interface of the keyboard 3 is also possible
(see below). Furthermore, the measuring device 1 comprises
one or more photosensors 5. The photosensors are disposed in
the immediate vicinity of the light source 4 or 4', respectively.
The sensors 5 receive the light of the light source 4 or 4' that
is scattered in the tissue at the fingertip of the user. Further-
more, a heat sensor 6 is provided directly next to the light
source 4 or 4'. In this way, it is guaranteed that the determi-
nation of the perfusion using the heat measurement takes
place at the same measurement location as the optical mea-
surement. Furthermore, four electrodes 7 or 7', in total, for
measuring the bioelectrical impedance are provided. The user
of the device touches two electrodes 7 and 7' with one hand,
at the same time, in each instance. One of the two contact
surfaces serves for applying an electrical current at the mea-
surement location, while the other contact surface is used for
measuring voltage. In this manner, it is ensured that the mea-
surement results are not influenced by the contact resistances
of the measuring electrodes. The two electrodes designated
with the reference number 7 are furthermore used as EKG
electrodes of an EKG unit integrated into the measuring
device 1. The two electrodes are touched with the fingertips,
in each instance, so that a two-point lead (arm-to-arm mea-
surement) is obtained. The measurement signals recorded by
means of the measuring device 1 integrated into the keyboard
3 are processed by means of the computer 2. The physiologi-
cal parameters obtained in this way are then output on a
display surface 8 of a monitor 9 connected with the computer
2. For example, the arterial (Sa0,), capillary (StO,), and
venous (SvO,) oxygen saturation are displayed. Furthermore,
the heart rate (HR) and the fat content of the tissue (BF) that
are determined are displayed. Finally, a blood glucose value
(BG) is also displayed. The user can determine the physi-
ological parameters that interest him/her, at any time. For this
purpose, he/she merely places the fingers with which he/she
otherwise activates the keys of the keyboard 3 on the elec-
trodes 7, 7'. The parameters are then immediately displayed
on the monitor 9, after the signals are processed by means of
the computer 2. The user of the device 1 therefore practically
does not have to interrupt his/her work on the computer 2 in
order to determine the physiological parameters.
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[0053] In the exemplary embodiment of the measuring
device 1 shown in FIG. 1, two radiation sources 4 and 4' are
provided, which irradiate different volume regions of the
body tissue being examined. For this purpose, the two radia-
tion sources 4 and 4' have different spatial emission charac-
teristics, namely different emission angles. The radiation
source 4 is a light-emitting diode, while the radiation source
4' is a laser, for example a so-called VCSEL laser (English:
“vertical cavity surface emitting laser”). Both the light-emit-
ting diode 4 and the laser 4' emit light having a very similar
wavelength (for example 630 nm and 650 nm), but with
different beam widths (for example 25° and 55°). With the
arrangement shown in FIG. 1—as has already been explained
above—it is possible to perform a differential measurement
of metabolism-induced changes in the oxygen content in the
blood. For this purpose, the wavelength of the radiation emit-
ted by the two radiation sources 4 and 4', in each instance,
must lie in a range in which the light is absorbed to a different
degree by oxyhemoglobin and deoxyhemoglobin. For an
absolute measurement of the oxygen content of the blood
(oxygen saturation), additional radiation sources (not shown
in FIG. 1) must be present, the light wavelength of which lies
in a spectral range in which the light absorption of oxyhemo-
globin and deoxyhemoglobin is essentially the same (so-
called isobestic point). The light emitted by the light-emitting
diode or by the laser, respectively, can be guided to the cor-
responding location at the user interface of the keyboard by
means of corresponding light guide fibers. In this case, the
corresponding fiber ends are shown with the reference num-
bers 4 and 4' in FIG. 1. It is possible to couple the light-
emitting diode and the laser to the corresponding fibers in
such a manner that they radiate light into the body tissue to be
examined at the desired different beam width. Accordingly,
different volumes of the body tissue are examined with the
two radiation sources. Because of the greater beam width, the
proportion of the non-perfused epidermis is greater in the
body tissue examined by means of the light-emitting diode
than in the case of the laser. The light that is scattered in the
body tissue and partly absorbed, both from the radiation
source 4 and from the radiation source 4', is detected by
means of the sensors 5. The sensors 5 do not have to be
disposed directly on the surface of the measuring device 1.
Instead, the light can be passed to the sensors disposed in the
interior of the measuring device 1, by way of light guide
fibers. In order to differentiate the light of the radiation source
4 from the light of the radiation source 4', the two light sources
4 and 4' can be operated with different time modulation,
whereby the signals detected by means of the sensors 5 are
demodulated accordingly. Alternatively, it is possible to dif-
ferentiate the radiation of the two radiation sources 4 and 4' on
the basis of the different wavelength. The radiation intensity
of the radiation emitted by the radiation sources 4 and 4' is
weakened with the path length when passing through the
body tissue, whereby the relationship between the intensity
weakening and the concentration of the absorbing substance
(oxygenated hemoglobin) is given by the known Beer-Lam-
bert law. The parameters of the intensity weakening that are of
interest can be determined by means of the sensors 5 shown in
FIG. 1, specifically separately for the volume regions of the
body tissue being examined, as detected by the radiation
sources 4 and 4', in each instance. The parameters of the
intensity weakening that are assigned to the different radia-
tion sources 4 and 4' can be put into relation with one another
by means of a suitable program-controlled evaluation unit, in
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order to carry out a differential measurement in this way. In
the simplest case, quotients are calculated, in each instance,
from the parameters of the intensity weakening of the radia-
tion of the two radiation sources 4 and 4'. Conclusions con-
cerning changes in the metabolism can then be drawn from
changes in these quotients. If, for example, the blood glucose
level increases after food consumption, correspondingly
more glucose gets into the cells of the body tissue (after a
certain time delay), and is converted there. In this connection,
oxygen is consumed. The cells receive this oxygen by way of
the blood. In this connection, oxygenated hemoglobin turns
into deoxygenated hemoglobin, because it gives off oxygen.
Accordingly, the ratio of deoxygenated hemoglobin to oxy-
genated hemoglobin increases. Because of the different beam
widths of the radiation of the radiation sources 4 and 4', the
changes in the hemoglobin concentration have different
effects on the intensity weakening, in each instance. Thus,
changes in the hemoglobin concentration can be detected
from the quotients of the parameters of the intensity weaken-
ing. This makes it possible to indirectly draw conclusions
concerning the oxygen consumption. Since the oxygen con-
sumption in turn depends on the blood glucose level, the
blood glucose level can also be determined by means of the
differential measurement of the radiation absorption, as
explained. Supplementally, parallel to the optical measure-
ment, a bioimpedance analysis is carried out, for which pur-
pose the electrodes 7 and 7' shown in FIG. 1 are provided. The
purpose of the bioimpedance measurement is, above all, to
determine the local perfusion. This can be used as an addi-
tional parameter in the determination of the oxygen consump-
tion and thus also of the blood glucose level. Different beam
widths of the radiation can also be produced using only one
radiation source 4, by using corresponding optical elements
(for example beam splitters, lenses, etc.).

[0054] Furthermore, it is advantageous to carry out the
evaluation of the measurement values in pulse-synchronous
manner. This is possible because the measuring device
according to the invention has a suitable sensor system for
detecting the pulse (for example EKG). Thus, for example,
the measurement values obtained by means of optical mea-
surement or impedance measurement can be evaluated, in
targeted manner, at the time point of the maximum and/or the
minimum of the pulse wave, in order to balance out pulse-
related variations. Also, valuable diagnostic data can be
obtained from the ratio of the pulse-dependent to the pulse-
independent amount of blood in the body tissue being exam-
ined, as well as from the pulse-dependent and pulse-indepen-
dent metabolic data that can be separately detected with the
device according to the invention.

[0055] FIG. 2 schematically shows the structure of the mea-
suring device 1 according to the invention as a block diagram.
The measuring device 1 comprises an optical measuring unit
100 for optically measuring the oxygen concentration in the
vascular system of the body tissue at the measurement loca-
tion, in each instance. The oximetric and plethysmographic
signals detected by means of the optical measuring unit 100
are passed to an analysis unit 110. Another essential compo-
nent of the device 1 is a heat measuring unit 120 for deter-
mining the local heat production. The heat measuring unit
120 is a special heat sensor that insulates the body location
being examined, in each instance. This location can therefore
only take on or give off heat by way of the blood stream. For
this reason, it is possible to determine the perfusion and the
heat production by means of a time-resolved measurement of
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the temperature. In the case of strong perfusion, the body
location being examined reaches its maximal temperature
within a very short period of time. In the case of low perfu-
sion, this takes longer. In addition, a conclusion concerning
the arterial temperature can be drawn by way of extrapolation
of the measured temperature, since the temperature at the
location of the measurement is determined only by the arterial
temperature and by the local heat production. The measure-
ment signals detected by means of the heat measuring unit
120 are also passed to the analysis unit 110 for further pro-
cessing. Furthermore, the device comprises an impedance
measuring unit 130 that serves for determining local tissue
parameters by means of measuring bioelectrical impedance.
The measurement signals of the impedance measuring unit
130 are also processed by means of the analysis unit 110,
Finally, according to the invention, an EKG unit 132 is also
provided for detecting an EK(G signal. The EKG unit 132 is
also connected with the analysis unit 110, for processing of
the EKG signals. The optical measuring unit 100 has the light
source 4 as well as the light sensors 5 of the measuring device
1 shown in F1G. 1 assigned to it. The heat measuring unit 120
is connected with the heat sensor 6. The impedance measur-
ing unit 130 detects measurement signals by way of the elec-
trodes 7 and 7', respectively, of the device 1. The analysis unit
110 performs pre-processing of all the measurement signals.
For this purpose, the signal passes through a band-pass filter,
in order to filter out interference in the range of the network
frequency of 50 or 60 Hz, respectively. Furthermore, the
signals are subjected to noise suppression. After passing
through the analysis unit 110, the processed signals of the
optical measuring unit 100, the heat measuring unit 120, the
impedance measuring unit 130, and the EKG unit 132 get into
the evaluation unit 140. The evaluation unit 140 is responsible
for calculating parameters essential for the diagnosis from the
measurement signals. First, the composition of the body tis-
sue being examined (water content, fat content, etc.) is cal-
culated from the measurement signals of the impedance mea-
suring unit 130, which are recorded as a function of time. The
arterial oxygen saturation and—based on the tissue param-
eters determined on the basis of the impedance measure-
ment—the capillary oxygen saturation are calculated from
the signals of the optical measuring unit 100. Furthermore,
the perfusion and the arterial temperature are determined
from the measurement signals of the heat measuring unit 120
and from the plethysmographic data that can be derived from
the time-dependent impedance measurements. The pulse
wave velocity is determined from the signals of the EKG unit
132 and those of the optical measuring unit 100. Finally, the
venous oxygen saturation is calculated from the results of all
the calculations that were carried out previously, by means of
the evaluation unit 140, and from this, other metabolic param-
eters, particularly the local oxygen consumption and the glu-
cose concentration at the measurement location, are calcu-
lated. The calculation results are interpreted by means of the
diagnosis unit 150. The diagnosis unit 150, which is also
implemented on the computer 2 as software, serves for evalu-
ating the local metabolic parameters calculated by means of
the evaluation unit 140. The evaluation unit 140 and the
diagnosis unit 150 are connected with a graphics unit 160, to
display the measurement results, and this unit in turn controls
the monitor 9. The data obtained can be stored in a memory
unit 170, specifically with simultaneous storage of the date
and time of the measurement, in each instance. Furthermore,
an interface unit 180 is provided, which serves to connect the
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computer 2 with a data network for transmitting the calcu-
lated physiological parameters. All the data and parameters,
particularly also the data and parameters stored in the
memory unit 170, can be transmitted to a PC of a treating
physician, not shown in any detail, by way of the interface
unit 180. There, the data can be analyzed in greater detail. In
particular, data and parameters recorded with the measuring
device 1 over an extended period of time can be investigated
for changes, in order to able to draw conclusions from this
with regard to the development of an existing illness.

[0056] FIG. 3 shows an alternative exemplary embodiment
of the measuring device according to the invention. This
comprises two finger clamps 601 and 602, by means of which
a finger of the left and right hand, respectively, is fixed in
place on the sensors of the measuring device. The radiation
source 4, the radiation sensors 5, the electrodes 7, 7' used for
measuring EKG and impedance, as well as the heat sensor 6
are integrated into the finger clamp 601. In this connection, it
is a special feature of the exemplary embodiment shown in
FIG. 3 that the light produced by the radiation source 4 is
measured in two ways by the radiation sensors 5, namely for
one thing, in the transmission direction, by means of the
radiation sensor 5 that is disposed in the upper part of the
finger clamp 601, opposite the radiation source 4, and for
another thing, by means of the radiation sensors 5 integrated
into the lower part of the finger clamp 601, which detect the
light scattered back in the tissue of the finger. Lenses 603, 604
are provided for the transmission measurement from the
radiation source 4 and the opposite radiation sensor 5, in each
instance. The lens 603 ensures directed emission of the light
into the tissue. The lens 604 collects the transmitted light and
focuses it on the radiation sensor 5. Only two electrodes 7, 7'
are disposed in the finger clamp 602, as counter-electrodes to
the electrodes integrated into the finger clamp 601. These
serve for measuring EKG (two-point lead) as well as for a
(global) bioimpedance measurement. The finger clamps 601
and 602 are connected with a central unit 607 by way of cables
605, 606. The central unit 607 contains the analysis, evalua-
tion, and diagnosis units of the measuring device. Represen-
tation of the measurement values obtained takes place by way
of the display 608. Different optical measurement values, for
example in the form oflight intensities detected by way of the
radiation sensors, can be measured with the arrangement
shown. These are the transmitted intensity I and the intensi-
ties I .5, and I, that are scattered back from different tissue
regions. A measurement using an (artificial) standard material
can be carried out for calibration. This then yields the value
I.s These four measurement values form the basis for the
further evaluation.

[0057] FIG. 4 shows a hollow reflector 701, in which one
(orseveral) LED(s) 702 is/are disposed as a radiation source.
This is an SMD LED, which emits light in all spatial direc-
tions. Other types of light sources are also possible, according
to the invention. The light of the LED 702 is diffusely
reflected at the inner surfaces of the hollow reflector 701. The
hollow reflector 701 is configured in the manner of an
Ulbricht sphere in the case of the exemplary embodiment. An
optic 703 in the form of a collecting lens is linked with the
hollow reflector 701. The collecting lens, as indicated in FIG.
4, brings about a directed emission of the light emitted by the
LED 702.

[0058] Furthermore, the hollow reflector 701 has an exit
opening 704, through which diffuse emission into the body
tissue takes place. A suitable optic can also be provided in the
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region of the exit opening 704, in order to achieve the desired
emission angle. Different emission angles can be produced,
for example, by means of lenses having different focal widths
or other optical elements, such as collimators, for example.
The arrangement shown in FIG. 4 can advantageously be
produced at low cost, in great numbers, as a compact, pre-
manufactured unit. The electrical connections 705 of the LED
are passed out of the hollow reflector. The hollow reflector
can be configured, for example, as a solid body made of
transparent plastic, in which the LED 702 is embedded. This
body can then be coated with diffusely reflective material (for
example aluminum oxide or barium sulfate) on its outside.
The deciding factor is that the directional characteristics of
the LED are cancelled out by means of diffuse reflection, and
then the desired emission characteristics can be predeter-
mined, in accordance with the requirenients, in each instance,
by uncoupling the light out of the reflector in suitable manner.
It is easily possible to accommodate multiple LEDs in a
hollow reflector, in order to produce radiation at different
wavelengths and uniformly radiate it into the body tissue by
way ofthe optic 703 linked with the hollow reflector 701 or by
way of the exit opening 704, respectively.

[0059] FIG. 5 shows a top view of the sensor system of the
optical measuring unit on the surface of the sensor housing of
the measuring device according to the invention, which lies
against the body tissue to be examined. The top of the hollow
reflector 701 can be seen, whereby the optic 703 and the exit
opening 704 lie in the plane of the measuring surface. In this
connection, the optic 703 and the exit opening 704 are dis-
posed to the left and the right of an axis 901, in each instance.
Furthermore, radiation sensors 5 are disposed on the axis 901.
Each of the radiation sensors 5 has the same distance, in each
instance, from the optic 703 and the exit opening 704. At the
same time, the two radiation sensors 5 have different dis-
tances from the radiation source. This arrangement opens up
the possibility of taking the distance traveled in the body
tissue by the detected radiation into consideration, so that the
oxygen concentration in the blood and in the tissue can be
examined in tissue layers at different depths.

[0060] FIGS. 6, 7, and 8 show different configurations of
the sensor system of the diagnostic measuring device accord-
ing to the invention. FIGS. 6 and 7 show two different top
views of the surface of the sensor housing. The electrodes 7,
7' are assigned to the EKG unit and to the impedance mea-
suring unit of the measuring device. F1G. 8 shows the place-
ment of counter-electrodes that are used for an arm-to-arm
measurement of the EKG and for measuring bioelectrical
impedance. The impedance measuring unit comprises the
electrodes 7 shown in FIGS. 6 and 7, for feeding in electrical
alternating current, and measuring electrodes 7' for measur-
ing the impedance of the body tissue, for example in the
region of the finger of the patient being examined (see F1G. 3).
Because of the four-point measurement, transition resis-
tances between the electrodes 7, 7' and the body tissue do not
distort the measurements. The distance between the elec-
trodes 7, 7' can amount to only a few millimeters to a few
centimeters. During the measuring process, all four elec-
trodes that are shown in FIGS. 6 and 7 simultaneously touch
the same region of the skin surface, for example on the finger
ofthe patient. Itis possible to measure complex impedance by
means of feeding in alternating current of variable frequency.
The measurement signal is detected by means of a voltage
meter (not shown), by way of the electrodes 7'. The measure-
ment signal is digitalized by means of an analog/digital con-

Jan. 19,2012

verter (also not shown), and afterwards subjected to discrete
Fourier transformation. The result then yields the real part and
the imaginary part of the impedance, i.e. the resistance value
and the reactance value. In the exemplary embodiments
shown in FIGS. 6 and 7, the electrodes 7, 7' are configured as
strips that are spaced parallel apart from one another, and are
electrically insulated from one another by means of the inter-
stices that lie between them. The light sources 4, the radiation
sensors 5, as well as the heat sensor 6 are disposed in the
interstices. All the sensors are in contact with the body tissue
to be examined.

[0061] FIG. 9 schematically shows another exemplary
embodiment of the measuring device 1 according to the
invention. An EKG electrode 7 is affixed on the outside of the
housing 400. This electrode is touched with the finger of one
hand. The finger of the other hand is introduced into a tubular
opening 13. The electrodes 7, 7', a radiation source 4, radia-
tion sensors 5, as well as a heat sensor 6 are situated in the
interior of the opening 13. Furthermore, an inflatable air
cushion 14 is disposed in the interior of the tube 13, which
cushion fixes the finger in place and presses it against the
sensors gently and at a defined pressure. Operating keys of the
measuring device 1 as well as a display for outputting the
measurement results are left out of FIG. 9, for reasons of
clarity.

[0062] FIG. 4 shows a hollow reflector 701, in which one
(orseveral) LED(s) 702 is/are disposed as a radiation source.
This is an SMD LED, which emits light in all spatial direc-
tions. Other types of light sources are also possible, according
to the invention. The light of the LED 702 is diffusely
reflected at the inner surfaces of the hollow reflector 701. The
hollow reflector 701 is configured in the manner of an
Ulbricht sphere in the case of the exemplary embodiment. An
optic 703 in the form of a collecting lens is linked with the
hollow reflector 701. The collecting lens, as indicated in FIG.
4, brings about a directed emission of the light emitted by the
LED 702. Furthermore, the hollow reflector 701 has an exit
opening 704, through which diffuse emission into the body
tissue takes place. A suitable optic can also be provided in the
region of the exit opening 704, in order to achieve the desired
emission angle. Different emission angles can be produced,
for example, by means of lenses having different focal widths
or other optical elements, such as collimators, for example.
The arrangement shown in FIG. 4 can advantageously be
produced at low cost, in great numbers, as a compact, pre-
manufactured unit. The electrical connections 705 ofthe LED
are passed out of the hollow reflector. The hollow reflector
can be configured, for example, as a solid body made of
transparent plastic, in which the LED 702 is embedded. This
body can then be coated with diffusely reflective material (for
example aluminum oxide or barium sulfate) on its outside.
The deciding factor is that the directional characteristics of
the LED are cancelled out by means of diffuse reflection, and
then the desired emission characteristics can be predeter-
mined, in accordance with the requirements, in each instance,
by uncoupling the light out of the reflector in suitable manner.
It is easily possible to accommodate multiple LEDs in a
hollow reflector, in order to produce radiation at different
wavelengths and uniformly radiate it into the body tissue by
way of the optic 703 linked with the hollow reflector 701 or by
way of the exit opening 704, respectively.

[0063] FIGS. 10 and 11 show a chip housing 800 that forms
a hollow reflector in the sense of the invention. The chip
housing 800 accommodates the radiation source and the
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radiation sensor within itself. In the exemplary embodiment
shown, two radiation sources having semiconductor bodies
801 and 802 are provided, which are LED chips, for example.
Electrical conductor tracks 803 run in the interior of the chip
housing. The electrical connections with the semiconductor
bodies 801, 802 are produced by means of die-bonding or by
way of bond wires 804, respectively. At its top, which can be
seen in FIG. 10, the chip housing 800 has passage openings
805, 806, and 807 for exit of the radiation emitted by the
semiconductor bodies 801, 802, into the body tissue to be
examined, or for entry of the radiation scattered and/or trans-
mitted by the body tissue into the chip housing 800, respec-
tively. Photodiodes (not shown) are disposed behind the pas-
sage openings 807, within the chip housing 800, as radiation
sensors. The chip housing 800 forms the mantling of the
semiconductor bodies 801, 802 and of the photodiodes. Fur-
thermore, electrical connection points 808, by way of which
the chip housing 800 can be attached on a circuit board (not
shown) of the measuring device according to the invention
and connected with a circuit on the circuit board are on the
underside of the chip housing 800. The electrical conductor
tracks 803 are disposed on a substrate 809 that forms the
underside of the chip housing 800. The top is formed by a
housing lid 810. The semiconductor bodies 801, 802 attached
and wired on the substrate 809 are surrounded by a transpar-
ent plastic material 811 (for example epoxy resin, silicone
resin, quartz glass, or PMMA), which fills the housing inte-
rior, as can be seen in FIG. 11. In the region of the passage
openings 805, 806, 807 the housing 1id 810 has corresponding
recesses. In this manner, semiconductor bodies 801, 802 are
not directly exposed to the surroundings. The chip housing
functions as a hollow reflector. This means that the radiation
emitted by the semiconductor bodies 801, 802 is reflected
(multiple times) at the inner surfaces of the chip housing 800.
For this purpose, the chip housing 800 can be coated with a
diffusely reflective material 812 on its inner walls. Alterna-
tively, the chip housing 800 can be produced from a white, 1.e.
reflective plastic material. The radiation of the semiconductor
bodies 801, 802 reflected and scattered in the interior is
almost ideally diffuse. The radiation of the semiconductor
body 802, for example, thus leaves the chip housing 800
through the passage opening 806, at a very great emission
angle of approximately 110°, into the body tissue to be exam-
ined. In the region of the passage opening 805, the transparent
plastic material 811 that fills the chip housing 800 forms a
collecting lens 813. The collecting lens 813, as indicated in
FIG. 11, brings about directed emission of the radiation emit-
ted by the semiconductor body 801, into the body tissue, at an
angle of approximately 10°. Furthermore, the heat sensor 6
can be integrated into the chip housing 800.

1. Diagnostic measuring device for non-invasive determi-
nation of at least one physiological parameter of body tissue,
having an optical measuring unit (100) that comprises at least
one radiation source (4, 702) for irradiating the body tissue to
be examined, and at least one radiation sensor (5) for detect-
ing the radiation scattered and/or transmitted by the body
tissue,

wherein

the at least one radiation source (4, 702) is disposed in a

hollow reflector (701).

2. Diagnostic measuring device according to claim 1,
wherein the at least one radiation source (4) and the at least
one radiation sensor (5) are disposed in a common sensor
housing (400), whereby an EKG unit (132) for detecting an

Jan. 19,2012

EKG signal by way of two or more EKG electrodes (7) is
provided, whereby at least one EKG electrode (7) of the EKG
unit (132) is disposed on the housing surface of the sensor
housing (400), and a bioelectrical impedance measuring unit
(130), whereby at least one feed or measuring electrode (7,7")
of the impedance measuring unit (130) is disposed on the
housing surface of the sensor housing (400), in such a manner
that the EKG electrode (7) and the feed or measuring elec-
trode (7, 7') touch the skin surface in the region of the body
tissue detected by the optical measuring unit (100).

3. Measuring device according to claim 2, wherein a tem-
perature or heat sensor (6) is disposed in or on the sensor
housing (400).

4. Measuring device according to claim 1, wherein the at
least one EKG electrode (7) and the at least one feed or
measuring electrode (7, 7') are configured as a flat foil or sheet
made of electrically conductive material.

5. Measuring device according to claim 4, wherein the
EKG electrode (7) or the feed or measuring electrode (7, 7')
has at least one recess for passage of the radiation emitted by
the at least one radiation source (4) into the body tissue to be
examined, or for passage of the radiation scattered and/or
transmitted by the body tissue into the radiation sensor (5).

6. Measuring device according to claim 4, comprising at
least one further recess for the temperature or heat sensor (6).

7. Measuring device according to claim 1, wherein at least
one of the EKG electrodes (7) is simultaneously a feed or
measuring electrode (7, 7') of the bioelectrical impedance
measuring unit (130).

8. Measuring device according to claim 1, wherein the
bioelectrical impedance measuring unit (130) set up for
detecting an impedance measurement signal from the skin
surface comprises at least one pair of measuring electrodes
(7", whereby the electrode distance of the pair of measuring
electrodes (7') amounts to less than a millimeter to as much as
several centimeters, in such a manner that during the measur-
ing process, both electrodes of the pair of measuring elec-
trodes (7') touch the skin surface in the same region, for local
detection of the impedance measurement signal.

9. Measuring device according to claim 8, further compris-
ing a pair of feed electrodes (7) for applying an alternating
current of variable frequency to the body tissue, by way of the
skin surface, specifically in the region of the skin surface that
touches the measuring electrodes (7').

10. Measuring device according to claim 8, wherein the
measuring and feed electrodes (7', 7) are configured as con-
tact strips that run parallel to one another.

11. Measuring device according to by claim 1, further
comprising an evaluation unit (140), which is set up for deter-
mining changes of the local impedance measurement signal
over time, connected with the bioelectrical impedance mea-
suring unit (130).

12. Measuring device according to claim 1, further com-
prising a fixation device (14) for fixing a body part of the
patient to be examined in place on the sensor housing (400).

13. Measuring device according to claim 12, wherein the
fixation device is configured as a finger clamp (601).

14. Measuring device according to claim 13, wherein the
fixation device (14) comprises an inflatable air cushion that
presses the body part against the measuring and/or feed elec-
trodes (7', 7).



US 2012/0016210 A1l

15. Measuring device according to claim 1, further com-
prising a connection with a device of entertainment of com-
munications technology, or with another portable device or
accessory.

16. Measuring device according to claim 15, wherein the
device is a mobile device, particularly a notebook, a laptop, a
mobile telephone, a palmtop, or a handheld.

17. Measuring device according to claim 1, wherein the
optical measuring unit (100)has at least two radiation sensors
(5) for detection of the radiation scattered and/or transmitted
by the body tissue, whereby the radiation sensors (5) are
disposed at different distances from the radiation source (4).

18. Measuring device according to claim 1, wherein the
emission of the light of the at least one radiation source (4)
takes place in such a manner that different volume regions of
the body tissue being examined are irradiated.

19. Measuring device according to claim 18, wherein two
radiation sources (4, 4') are provided, which have different
spatial emission characteristics.

20. Measuring device according to claim 1, wherein the
hollow reflector (701) is configured in the manner of an
Ulbricht sphere.

21. Measuring device according to claim 1, wherein the
hollow reflector is formed by a chip housing (800) that
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accommodates the at least one radiation source (4) and/or the
at least one radiation sensor (5) within itself, whereby the
radiation source (4) and the radiation sensor (5), in each
instance, comprise at least one semiconductor body (801,
802) that is contacted by way of conductor tracks (803) that
run in the interior of the chip housing (800) and/or by way of
bond wire connections (809), whereby the chip housing (800)
has passage openings (805, 806, 807) on its top, for allowing
the radiation emitted by the radiation source (4) to pass
through into the body tissue to be examined and/or for allow-
ing the radiation scattered and/or transmitted by the body
tissue to pass through.

22. Measuring device according to claim 1, wherein an
optic (703, 813) that brings about directed emission into the
body tissue is linked with the hollow reflector (701).

23. Measuring device according to claim 21, wherein the
optic (813) is formed by a transparent plastic material (811)
that fills the chip housing (800).

24. Measuring device according to claim 1, wherein the
hollow reflector (701) has at least one exit opening (704, 806)
through which diffuse emission into the body tissue takes
place.
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