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(57) ABSTRACT

The invention relates to a medical measuring device having
an impedance measurement unit (100) for detecting an
impedance measurement signal from the skin surface (200) of
a patient to be examined via at least one measurement elec-
trode pair (3). According to the invention, the distance
between the electrodes of the measurement electrode pair (3)
is from a few millimeters to several centimeters such that,
during the measurement process, both electrodes of the mea-
surement electrode pair (3) for locally detecting the imped-
ance measurement signal contact the same region of the skin
surface (200) of the patient at the same time.
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1
MEDICAL MEASUREMENT DEVICE FOR
BIOELECTRICAL IMPEDANCE
MEASUREMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of PCT/EP2008/
007331 filed on Sep. 8, 2008, which claims priority under 35
U.S.C. §119 of German Application No. 10 2007 042 550.5
filed on Sep. 7, 2007. The international application under
PCT article 21(2) was not published in English.

The invention relates to a medical measurement device
having an impedance measurement unit for detecting an
impedance measurement signal on the skin surface of a
patient to be examined, by way of at least one measurement
electrode pair.

The bioelectrical impedance methods currently in use are
used for determining the nutritional state of both healthy and
sick persons.

Direct measurement of the body composition is currently
only possible in research facilities, by weighing the patient
underwater. In so-called hydrostatic weighing, advantage is
taken of the fact that fat, muscles, bone, bodily fluids and
other components of the body possess different specific den-
sities. Since this measurement method is very complicated
and uncomfortable for the patient, other indirect methods for
determining body composition are frequently used. One
widespread indirect method is measurement of the bioelec-
trical impedance of the body. In this technique, advantage is
taken of the fact that the impedance of the human body is
connected with the different conductivities within the body. If
a constant alternating current of low amplitude is applied in
biological structures, a frequency-dependent impedance can
be measured. The human body consists of intracellular and
extracellular fluid, which can be viewed as being electrical
conductors, and cell membranes, which have a capacitative
nature. At low frequencies, around 1 kHz, the current flow
takes place mainly through the extracellular fluid, since the
cell membranes act as a capacitor, because of their capacita-
tive nature. At high frequencies, the current is also conducted
by way of the cell membranes and the intercellular fluid. In
the range of high frequencies, the current flow therefore takes
place both in ohmic manner, through the extracellular fluid,
and in capacitative manner, through the cell membranes and
the intracellular fluid. The resulting, measurable alternating
current resistance therefore possesses an ohmic component R
(resistance) and a capacitative component X _ (reactance), and
one speaks of the measurement of the bioelectrical imped-
ance Z. For along time, attempts have been made to estimate
and assess body composition on the basis of the measured
resistance and reactance, together with the age, the height,
and the gender of the person being examined. This is possible
using numerous assumptions: In the human body, the major
part of the current applied flows through the fluid contained in
the body. With the assumption that the body mass consists of
water at precisely 73.2%, the fat-free mass (FFM) can then be
estimated from the “measured” total body water (TBW).
Once the fat-free mass is known, the fat mass (FM) can be
determined quite simply, from the global mass (GM) of the
patient.

These known and established techniques therefore deter-
mine a global index for the patient being examined. This
global index is the result of the integral measurement method
that is used in these techniques: Typically, the electrodes are
attached to the two hands (determination of the global index
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of the upper body), or a measurement between a hand and a
foot is carried out (global index for the measured side of the
body).

The invention is based on the task of making available a
measurement device for bioelectrical impedance measure-
ment that is developed further.

The invention accomplishes this task, proceeding from a
measurement device of the type indicated initially, in that the
distance between the electrodes of the measurement electrode
pair amounts to less than a millimeter up to a few centimeters,
in such a manner that during the measurement process, the
two electrodes of the measurement electrode pair touch the
skin surface of the patient in the same region, at the same time,
for local determination of the impedance measurement sig-
nal.

The measurement device according to the invention is
based on a further development of established techniques, in
the direction of a local bioelectrical impedance measurement.
By means of shortening the distance between the electrodes
to the range of less than a millimeter up to a few centimeters,
integration does not take place over the entire body, but rather
the bioelectrical impedance is recorded locally. According to
the invention, all the electrodes touch one and the same local
region of the skin surface, i.e. all the electrodes make contact
with the same body part (for example hand, finger, foot, or
toe) of the patient to be examined.

It is practical if the measurement device according to the
invention has a feed electrode pair for applying an alternating
current of variable frequency to the body tissue of the patient
to be examined, by way of the skin surface, in order to mea-
sure the local resistance and reactance, specifically in the
region of the skin surface that touches the measurement elec-
trodes.

Preferably, the distance between the feed electrodes, cor-
responding to the measuring electrodes, amounts to a few
millimeters up to a few 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 distorting
influences, for example caused by transition resistance
between electrodes and skin surface.

To generate the alternating current of variable frequency, it
is practical if the measurement device according to the inven-
tion has an alternating current generator. The impedance sig-
nal is digitalized by means of an analog/digital converter, and
afterwards subjected to a discrete Fourier transformation
(DFT). The DFT algorithm then provides the real and imagi-
nary part of the impedance, i.e. the resistance value and the
reactance value. These values can be digitally processed fur-
ther for evaluation.

Preferably, the distance between the electrodes amounts to
amaximum of 10 ¢cm, particularly preferably 50 micrometers
to 5 cm, further preferably 1000 micrometers to 1 cm, most
preferably 1 mm to 5 mm.

By means of the configuration of the measurement device
according to the invention, it is possible to determine local
changes in impedance over time. For this purpose, it is prac-
tical if the measurement device has an evaluation unit con-
nected with the impedance measurement unit. The evaluation
unit can be program-controlled, so that evaluation of the
impedance measurement signals can be implemented flex-
ibly, by means of software.

For example, the local bioimpedance changes on the basis
of the changing amount of blood within a pulse beat, thereby
making a determination of the heart rate possible by way of
the local bioelectrical impedance. In this connection, the
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pulse amplitude is determined at the same time, as an impor-
tant physiological parameter. It has been shown that this pulse
amplitude correlates to body temperature, i.e. it is possible to
determine the temperature of the body part being examined,
using the bioimpedance analysis. Furthermore, the local bio-
impedance depends on the amount of fluid, i.e. on the local
amount of blood in the tissue being examined, thereby mak-
ing it possible to determine the local perfusion (the local
volume variation caused by perfusion, for example in the
form of a volume pulse signal) of the tissue being examined.
Finally, the local bioelectrical impedance of the body changes
as a function of the intake of nutrients, so that bioimpedance
can be used to examine the metabolism, which is known to be
determined by the blood glucose level. The measurement
device according to the invention thus allows non-invasive
monitoring of the blood glucose value, whereby the effect of
the glucose and/or the energy demand of the physiological
reactions initiated by glucose in the body are investigated. By
means of a suitable algorithm that is implemented in the
evaluation unit by means of software, it is possible to make
statements concerning the blood glucose level based on the
recorded impedance measurement signals.

A particularly practical embodiment of the measurement
device according to the invention results from a combination
with other measurement modalities.

The measurement device according to the invention can
additionally be equipped with an optical measurement unit.
This unit has a radiation source for irradiating the body tissue
being examined with electromagnetic radiation, and at least
one radiation sensor for detecting the radiation scattered and/
or transmitted by the body tissue. Usual light-emitting diodes
or also laser diodes are possible as a radiation source, which
emit optical radiation, i.e. light in the corresponding spectral
range. It has proven to be particularly advantageous if the
radiation absorption in the body tissue being examined is
measured, using the device according to the invention, in at
least two or, even better, three different light wavelengths, in
order to thereby determine the oxygen concentration of the
blood and the perfusion of the tissue. The optical measure-
ment unit thus forms a pulse-oximetry unit of the measure-
ment device according to the invention.

According to a practical embodiment, the optical measure-
ment unit of the measurement device according to the inven-
tion 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
in tissue layers that lie at different depths can be investigated.
In this connection, advantage can be taken of the fact that the
measurement signals from the tissue layers that lie lower
down are more strongly influenced by the arterial blood,
while the radiation absorption is more strongly influenced by
the blood in the capillary vascular system in the regions close
to the surface.

An embodiment of the measurement device according to
the invention in which at least two radiation sources are
provided, which irradiate different volume regions of the
body tissue being examined, is advantageous. In this way, a
differential measurement of the light absorption can be
implemented in simple manner. This makes it possible to
investigate metabolism-induced changes in perfusion of the
body tissue being examined, with oxygen-rich or oxygen-
poor blood. In this connection, advantage is taken of the fact
that the local oxygen consumption changes as a function of
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the metabolic activity of the tissue. The determination of the
changing oxygen consumption in turn permits conclusions
with regard to the local energy consumption, which is directly
correlated with the oxygen consumption. It is particularly
interesting that this in turn permits conclusions concerning
the glucose level. Thus, the measurement device according to
the invention advantageously permits non-invasive determi-
nation of the blood glucose level, as well, by means of an
optical measurement. The redundant determination of the
blood glucose level by means of the different measurement
modalities increases the accuracy and the reliability of the
measurement device according to the invention.

The two radiation sources of the optical measurement unit
of the measurement device according to the invention should
be designed in such a manner that the volume regions irradi-
ated by them, in each instance, are affected differently with
regard to the perfusion with oxygen-poor and oxygen-rich
blood, respectively. This can be achieved, for example, in that
the at least two radiation sources have different spatial emis-
sion characteristics. For example, a light emitting diode and a
laser that have similar wavelengths (for example 630 nm and
650 nm) can be used as radiation sources. The two radiation
sources differ, however, in the aperture angle of their emis-
sion. While the light-emitting diode, for example, radiates
light into the body tissue being examined at a large aperture
angle, the light of the laser diode enters the body tissue at a
very small aperture angle. This has the result that different
volume regions of the body tissue are detected with the two
radiation sources. Because of the large aperture angle, the
light-emitting diode detects a larger volume region of the
non-perfused epidermis than the laser does. The non-perfused
epidermis is practically unaffected by changes in hemoglobin
concentration. Accordingly, the intensity of the radiation of
the light-emitting diode scattered and/or transmitted by the
body tissue is less strongly dependent on a change in the
hemoglobin concentration than the intensity of the radiation
of the laser. The prerequisite is that the wavelength of the
radiation emitted by the two radiation sources, in each
instance, is selected in such a manner that the radiation is
absorbed to different degrees by the oxyhemoglobin and
deoxyhemoglobin, respectively. The wavelength should
therefore lie between 600 and 700 nm, preferably between
630 and 650 nm.

According to a practical embodiment, the at least one
radiation source is connected with a light-conducting ele-
ment, for example an optical fiber. The radiation emitted by
the radiation source or the radiation sources, respectively, is
conducted to the skin surface of the patient to be examined by
way of the light-conducting element. The advantageous pos-
sibility exists of coupling the radiation of multiple radiation
sources, for example multiple LED chips that are bonded to a
common substrate into a single light-conducting element. In
this connection, the different radiation sources can be coupled
with the light-conducting element in different ways. In this
way, different emission characteristics of the radiation of the
different sources into the body tissue to be examined can be
achieved.

The evaluation unit of the measurement device according
to the invention can advantageously be utilized also for evalu-
ating the optical measurement signals. For this purpose, it is
practical if the evaluation unit is be configured to determine a
local metabolic parameter from the radiation of the two radia-
tion sources scattered and/or transmitted by the body tissue. If
oxygen is consumed in the body tissue being examined, oxy-
hemoglobin is converted to deoxyhemoglobin. By means of a
comparison of the radiation of the two radiation sources that
comes from the different volume regions of the body tissue,
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the change in the concentration ratio of oxyhemoglobin and
deoxyhemoglobin can be determined. This in turn results in
the local oxygen consumption, and finally (indirectly), the
blood glucose level. Thus, it is practical if the evaluation unit
of the measurement device according to the inventionis set up
to determine the local oxygen consumption and/or the blood
glucose level on the basis of the intensities of the radiation of
the two radiation sources scattered and/or transmitted by the
body tissue.

The functional scope of the measurement device according
to the invention is advantageously expanded by means of an
EKG unit for detecting an EKG signal by way of two or more
EKG electrodes. According to this advantageous further
development of the invention, impedance measurement sig-
nals, pulse-oximetry signals, and EKG signals, for example,
are detected and evaluated in combination, by means of the
measurement device.

The evaluation unit of the measurement device can then
advantageously be equipped for evaluation of the time pro-
gression of the volume pulse signals and the EKG signals. By
means of a suitable program control, the evaluation unit of the
measurement device according to the invention is able to
automatically recognize the R peaks in the EKG signal. In this
way, the precise point in time of the heartbeat is determined
automatically. Furthermore, because of its program control,
the evaluation unit is able to recognize the maxima in the
volume pulse signal. Based on the maxima in the volume
pulse signal, the time of arrival of a pulse wave triggered by a
heartbeat, at the peripheral measurement location detected by
the measurement device, can be determined. Thus, finally, the
time interval between an R peak in the EKG signal and the
subsequent maximum in the volume pulse signal can be deter-
mined. This time interval is a measure of the so-called pulse
wave velocity. On the basis of the pulse wave velocity, a
statement about the blood pressure can be made, on the one
hand. This is because a shortening in the pulse wave velocity
is accompanied by an increase in blood pressure, while a
lengthening in the pulse wave velocity permits the conclusion
of a reduction in blood pressure. 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 the aorta). In turn, a conclusion concerning arterio-
sclerosis that might be present can be drawn from the elastic-
ity of the blood vessels.

The absolute values of the heart rate, the heart rate vari-
ability, and corresponding arrhythmias of the heart can also
be included in the evaluation of the measurement signals.
Thus, arrhythmias such as sinus tachycardia, sinus bradycar-
dia, sinus arrest, and so-called escape beats can be automati-
cally determined. Using the EKG signal, statements concern-
ing the time duration of the atrial contraction of the heart
during a heartbeat, the time duration of the heart chamber
contraction, as well as the duration of relaxation of the heart
chamber, etc., can furthermore be determined. Furthermore,
preliminary diagnoses concerning 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 perfusion
problems or infarctions are possible. Other irregularities in
the pulse progression can be determined using the volume
pulse signal.

It is practical if at least one of the EKG electrodes of the
measurement device according to the invention is simulta-
neously used as a feed or measurement electrode of the
impedance measurement unit.

According to an advantageous embodiment, the measure-
ment device according to the invention comprises an inte-
grated temperature or heat sensor. This sensor can be used to
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determine the local heat production. In the simplest case, the
temperature sensor is configured to measure the surface tem-
perature of the skin at the measurement location. Based onthe
heat exchange, a conclusion can be drawn with regard to the
local metabolic activity. Furthermore, the heat sensor is suit-
able for determining the local perfusion. With regard to more
detailed background information concerning heat measure-
ment, reference is made to the publication by Nitzan et al.
(Meir Nitzan, Boris Khanokh, “Infrared Radiometry of Ther-
mally Insulated Skin for the Assessment of Skin Blood Flow,”
Optical Engineering 33, 1994, No. 9. p. 2953 to 2956).

The combination of the aforementioned measurement
methods, namely impedance measurement, oximetry, EKG
measurement, and temperature or heat measurement, accord-
ing to the invention, is particularly advantageous. All the
measurement signals can be evaluated and combined by
means of the evaluation unit of the measurement device,
using a suitable algorithm, in order to examine the metabo-
lism. By means of the combination of the different measure-
ment modalities, great effectiveness and redundancy and thus
reliability in the recognition of pathological changes are
achieved.

The combination of the different measurement modalities
that can be combined in the measurement device according to
the invention, as described above, is furthermore advanta-
geous because, as was already mentioned above, this makes
non-invasive measurement of the glucose concentration pos-
sible. A possible method of procedure in the determination of
the blood glucose level by means of the device according to
the invention will be explained in greater detail below:

The measurement device according to the invention serves
to measure and evaluate data that are influenced by the
metabolism. It is directly evident that in this connection, the
energy metabolism and the composition of the nutrients taken
in by a user of the measurement device play a large role. The
nutrients that are involved in the metabolism are known to be
essentially carbohydrates, fats, and proteins. For further pro-
cessing, carbohydrates are converted to glucose, proteins are
converted to amino acids, and fats are converted to fatty acids.
The energy carriers in turn are converted in the cells of the
body tissue, together with oxygen, to produce ATP (adenos-
ine triphosphoric acid), giving off energy. ATP is the actual
energy carrier of the body itself. The use of glucose to pro-
duce ATP is preferred. However, if the production of ATP
from glucose 1s inhibited (for example due to a deficiency of
insulin), increased fatty acid oxidation takes place, instead.
However, the oxygen consumption is different in this process.

The reaction of the metabolism of the human body to an
intake of nutrients depends, as was mentioned above, on the
composition of the nutrients, in characteristic manner. For
example, the vascular system of the body reacts as a function
of how much energy the body requires to digest the foods that
are consumed. The reaction of the body to nutrient intake can
be determined on the basis of the pulse wave velocity, which
can be determined using the measurement device according
to the invention, as well as on the basis of the blood pressure
amplitude and the pulse. For this purpose, it is practical if the
evaluation unit of the measurement device according to the
invention is set up for evaluating the time progression of the
pulse wave velocity, and for determining the composition of
the nutrients taken in by a user of the measurement device, on
the basis of the time progression of the pulse wave velocity
since the time of nutrient intake. The pulse wave velocity, as
well as the blood pressure amplitude and the pulse, change as
soon as the intake of nutrients begins. The maxima and the
points in time of the maxima, in each instance, are influenced,
in this connection, by the nutrient composition. The progres-
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sion and the absolute height of the pulse wave velocity, blood
pressure amplitude, and pulse can be used to determine the
composition of the nutrients taken in, by means of the evalu-
ation unit of the measurement device according to the inven-
tion.

The metabolism of the human body is determined essen-
tially by the glucose metabolism in the normal state, i.e. at rest
and in the so-called thermoneutral zone. 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 oxygen consumption. The following applies:

[Glu]=/{(AT.VO,),

where [Glu] stands for the glucose concentration. The heat
production AT can be determined by means of the heat sensor
of the measurement device 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,,,,,). {1 (AT,
V0,) indicates the functional dependence of the glucose con-
centration on the heat production and on the oxygen con-
sumption. The oxygen consumption results from the differ-
ence between venous and arterial oxygen saturation and
perfusion, as was explained above. To determine the glucose
concentration during or immediately after nutrient intake,
however, a correction term has to be taken into consideration,
which reproduces the proportion of the fat metabolism in the
energy metabolism. The following then applies:

[GIu]=f (AT.VO, XA VO,)

X is a factor that is negative after nutrient intake. In this
connection, X depends on the composition of the nutrients
taken in. In particular, X depends on the ratio at which fat and
carbohydrates are involved in the metabolism. The factor X
can be determined, as was described above, using the time
progression of the pulse wave velocity. X is 0 if pure carbo-
hydrates or glucose are consumed directly. The amount of X
increases, the greater the proportion of fat in the nutrients
taken in. To determine the correction factor X from the time
progression of the pulse wave velocity, the blood pressure
amplitude and/or the pulse, a calibration of the measurement
device according to the invention for adaptation to the user of
the device, in each instance, will normally be necessary. f,
(AT, VO,) indicates the functional dependence of the glucose
concentration on the heat production and on the oxygen con-
sumption, for the fat metabolism.

The evaluation unit of the measurement device according
to the invention can thus be set up for determining the local
glucose concentration from the local oxygen consumption
and the local heat production. For this purpose, the measure-
ment device must have the suitable measurement modalities.
The determination of oxygen consumption, as was explained
above, can take place by means of a combination of oximetry
with a bioelectrical impedance measurement. To determine
the heat production, a suitable heat sensor is then additionally
required. Finally, in order to be able to calculate the glucose
concentration according to the functional relationship indi-
cated above, the correction factor X should also be deter-
mined, for example from the time progression of the pulse
wave velocity. This can take place, as was also explained
above, by means of acombined measurement of EKG signals
and pulse-oximetry signals. Therefore, in order to determine
the glucose concentration, it is practical if the measurement
device according to the invention combines a bioelectrical
impedance measurement unit, a pulse oximeter, an EKG unit,
and a heat sensor.
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The method outlined above at first only allows a determi-
nation of the intracellular glucose concentration. The follow-
ing relationship with the blood glucose concentration exists,
in simplified form:

[Glu],.y=a+b*In(c*[Glu]pso0q)

The constants a, b, and ¢ depend on the individual physi-
ology of the user of the measurement device. Thus, the evalu-
ation unit of the measurement device according to the inven-
tion can furthermore be set up to determine the blood glucose
level from the local glucose concentration, whereby param-
eters that depend on the physiology of the user of the mea-
surement device have to be taken into consideration. These
parameters can be determined by means of corresponding
calibration, for example by means of acomparison with blood
glucose values determined invasively, in conventional man-
ner.

It is practical to equip at least one, but preferably all the
measurement modalities of the measurement device accord-
ing to the invention with a low-pass filter and/or a 50/60 Hz
filter, to free them of superimposed electromagnetic interfer-
ence. This can be done either by means of suitable electronic
wiring (for example ahead of the analog/digital converter) or
within the measurement data processing by means of the
evaluation unit.

An embodiment of the measurement device according to
the invention in which all the measurement modalities are
combined into a compact sensor unit is particularly preferred,
specifically in such a manner that all the measurements take
place in the same region of the skin surface of the patient to be
examined. In this manner, a compact sensor unit is created,
which yields a plurality of diagnostic measurement values.
These can be evaluated individually or in combination, in
order to obtain diagnostically conclusive information con-
cerning the health state of the patient being examined, quickly
and reliably. The compact sensor unit can be pre-fabricated,
as a completely functional part, in large numbers, in cost-
advantageous manner, and can be 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, all that needs to be done is to bring the
surface of the sensor housing, where the electrodes of the
impedance measurement unit and the EKG unit are situated,
for example, into contact with the skin in the region of the
body tissue to be examined. This can take place, for example,
by simply placing a finger of the patient on the housing
surface of the sensor unit. The impedance measurement and
the EKG derivation then take place at the same time, by way
of the skin location touching the sensor unit.

The measurement device according to the invention can be
integrated into a mobile monitoring device in which the medi-
cal measurement modalities mentioned above, individually
or in combination, form the data recording unit for measure-
ment data recording, and in which the program-controlled
evaluation unit for evaluation of the recorded measurement
data is provided. A memory unit serves to store the recorded
and/or calculated/evaluated data. A display unitis provided to
visualize the recorded and/or evaluated data. A data transmis-
sion unit serves to transmit the recorded data and/or the cal-
culated/evaluated data to external devices. In this connection,
this can be a usual wired interface or also a wireless interface
(for example according to the Bluetooth standard). The data
stored in the memory unit of the monitoring device can be
read out and evaluated by a treating physician, in order to
monitor the progression of treatments of the patient. The data
transmission interface of the monitoring device can be used to
transmit data stored in the memory unit of the monitoring
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device to a personal computer of the physician. However, it is
practical that remote data transmission of the diagnostic data
detected and evaluated by means of the sensor unit can also
take place. Data transmission can take place, for example, by
way of a data network (Internet). Alternatively, the diagnostic
data can be transmitted by way ofa mobile radio network. The
raw measurement signals or the evaluated diagnostic data can
be transmitted, for example, to a central location (“healthcare
center”) for a more detailed analysis and documentation, and
for monitoring of the development over time of individual
values. There, the data are evaluated, for example, by means
of suitable analysis algorithms, if necessary taking into con-
sideration patient data stored there (including information
concerning chronic illnesses or prior illnesses). The result, in
turn, can be sent back by way of the data network or commu-
nication network, in each instance, in order to inform the user
of the measurement device accordingly, about his state of
health. From the central location, other targeted measure-
ments by means of the sensor unit according to the invention
can also be initiated, if necessary. Furthermore, for the pur-
pose of an expanded anamnesis, queries to the patient con-
cerning the evaluation results can be transmitted by way of the
data network or communication network. If indications of a
medical emergency become evident from the measurement
and evaluation results, the required measures (for example
automatic alarm to emergency services) can be initiated
immediately.

Another advantage of remote data transmission is that the
required software for evaluation of the measurement signals
does nothaveto be implemented in the deviceitself, but rather
merely has to be kept on hand and administered at the central
location where the data are received.

According to a preferred embodiment of the measurement
device, the data recording unit (the impedance measurement
unit), the evaluation unit, the memory unit, the display unit,
and the transmission unit are accommodated in a common
housing. As a result, the device has a compact structure and
canbeused at any time and anywhere, as a mobile device. The
measurement device can be a stand-alone device, or it can be
integrated into an electronic device that can be used in some
other way (for example a wristwatch, mobile telephone, MP3
player, digital camera). It is also possible to connect the
measurement device according to the invention with any
desired device of entertainment or communication technol-
ogy, for example a desktop, notebook, laptop, mobile tele-
phone, palmtop, or handheld. The use of such a device can
quickly, conveniently, and unobtrusively carry out a measure-
ment to determine the physiological parameters that are of
interest, at any time. Because of the small size of the sensor
system of the measurement device according to the invention,
this can also be integrated into any desired accessory, for
example eyeglasses, a wristwatch, a piece of jewelry, or the
like, or into an article of clothing (so-called “smart clothes™).

According to another preferred embodiment of the mea-
surement device according to the invention, a fixation device
for fixation of a body part, for example a finger, of the patient
to be examined is provided. In the case of impedance mea-
surements and also in the case of pulse-oximetry measure-
ments, the contact pressure of the body tissue (for example
the finger) on the optical sensor, i.e. on the measurement and
feed electrodes of the impedance measurement unit has a
significant influence on the measurement signals. Accord-
ingly, it can be practical to assure a defined contact pressure
by means of the fixation device. The fixation device can
comprise, for example, an inflatable air cushion that (gently)
presses the corresponding body part against the measurement
and/or feed electrodes, or against the optical sensors, and
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fixes it in place there. By means of the fixation, movements of
the body part that could distort the measurement result are
also advantageously prevented.

In another advantageous embodiment of the measurement
device according to the invention, a plurality of feed and/or
measurement electrodes is disposed in the form of a matrix.
This makes it possible to produce different spatial configura-
tions in the direct current feed and in the voltage measure-
ment. The additional information gained in this connection
makes it possible to draw conclusions concerning the pH, the
pCO, value, the pO, value, as well as the electrolyte metabo-
lism (Na*, K*, Ca**, Mg*** concentration, etc.).

Exemplary embodiments ofthe invention will be explained
in greater detail below, using the drawings. These show:

FIG. 1 schematic view of the impedance measurement unit
of the measurement device according to the invention;

FIG. 2 top view of a measurement device according to the
invention, as a compact sensor unit;

FIG. 3 measurement device according to the invention,
with circular measurement and feed electrodes;

FIG. 4 block diagram of the measurement device according
to the invention;

FIG. 5 schematic view of an alternative exemplary embodi-
ment of the measurement device according to the invention;

FIG. 6 block circuit diagram of the impedance measure-
ment unit of the measurement device according to the inven-
tion.

The bioelectrical impedance measurement unit 100 of the
measurement device according to the invention shown in
FIG. 1 comprises two electrodes 1 to feed in electrical alter-
nating current from the power source 2, of variable frequency,
and two or more measurement electrodes 3 for an impedance
measurement of the body tissue 200 in the region of the finger
of the user of the device, in order to determine the local
resistance and the local reactance. Because of the four-point
measurement, transition resistances between the electrodes 1,
3 and the body tissue 200 do not distort the measurement. It is
practical if the distance between the electrodes 1, 3 amounts
to only a few millimeters to a few centimeters. During the
measurement process, all four electrodes 1, 3 touch the same
region of the skin surface on the finger of the user at the same
time, for a local determination of the impedance measure-
ment signal. By means of the power source 2, an alternating
current of variable frequency is generated. In this manner,
measurement of the complex impedance is possible. The
measurement signal is detected by means of a voltage meter 4.
It is practical if the measurement signal is digitalized by
means of an analog/digital converter (not shown in FIG. 1)
and afterwards subjected to a 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. The impedance measurement unit 100
shown can be structured to be very compact, if only because
of the small distance between electrodes, and thus can easily
be integrated into a mobile electronic device (for example
wristwatch, mobile telephone, MP3 player, digital camera,
handheld, etc.).

FIG. 2 shows the measurement device according to the
invention, indicated as a whole as 300, as a compact sensor
unit which can be integrated into any desired device. The
measurement device 300 has different measurement modali-
ties that are accessible on the interface of a sensor housing
400. The dimensions of the sensor housing 400 amount to
only 10x7x3 mm, for example. The user of the measurement
device 300 touches it with his fingertips, for example, to carry
out a measurement. Light sources 5, §', for example in the
form of light-emitting diodes, are integrated into the measure-
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ment device 300, and are able to emit light at different wave-
lengths. For this purpose, different light-emitting semicon-
ductor elements are accommodated in the common sensor
housing 400. It is also possible to use light-wave conductors,
in order to guide the light from different light sources to the
user interface of the housing 400. Furthermore, the measure-
ment device 300 comprises one or more photosensors 6. The
photosensors are disposed in the immediate vicinity of the
light source 5 or 5', respectively. The sensors 6 receive the
light from the light source 5 or 5' scatted in the tissue on the
fingertip of the user. Furthermore, a heat sensor 7 is provided
directly next to the light source 5 or 5'. In this way, it is
guaranteed that the heat measurement takes place at the same
measurement location as the optical measurement. Further-
more, a total of four electrodes 1 or 3, respectively, for mea-
suring the bioelectrical impedance, are provided on the sur-
face of the measurement device 300. The electrodes 1, 3 are
separated from one another by means of insulating strips 8.
The user of the device touches the four electrodes, i.e. the
measurement and feed electrodes, at the same time, with a
hand, as was explained above with regard to FIG. 1. At least
one of the electrodes indicated with the reference number 1 is
furthermore used as an EKG electrode of an EKG unit that is
also integrated into the measurement device 300. Another
EKG electrode (counter-electrode, not shown) is disposed
elsewhere, so that the electrodes can be touched with the
fingertips. This results in a two-point derivation (arm to arm
measurement).

In the exemplary embodiment of the measurement device
300 shown in FIG. 2, two radiation sources 5 and 5' are
provided, which irradiate different volume regions of the
body tissue being examined. For this purpose, the two radia-
tion sources 5 and 5' have different spatial emission charac-
teristics, namely different emission angles. The radiation
source 5 is a light-emitting diode, while the radiation source
5'is a laser, for example a so-called VCSEL laser (English:
“vertical cavity surface emitting laser”). Both the light-emit-
ting diode 5 and the laser 5' emit light having a very similar
wavelength (for example 630 nm and 650 nm), but with
different aperture angles (for example 25° and 55°). With the
array shown in FIG. 2—as explained above—a differential
measurement of metabolism-induced changes in the oxygen
content in the blood is possible. For this purpose, the wave-
length of the radiation emitted by the two radiation sources 5
and 5', in each instance, must lie in a range in which the light
is absorbed to different degrees by oxyhemoglobin and
deoxyhemoglobin. For an absolute measurement of the oxy-
gen content of the blood (oxygen saturation), other radiation
sources (not shown in FIG. 2) must be present, whose wave-
length lies in a spectral range in which the light absorption of
oxyhemoglobin and deoxyhemoglobin is essentially the
same (so-called isosbectic point). The light emitted by the
light-emitting diode and the laser, respectively, can be guided
to the housing surface of the keyboard by means of corre-
sponding light-guide fibers. In this case, the corresponding
fiber ends are shown in FIG. 1 with the reference symbols 5
and 5'. Tt is possible to couple the light-emitting diode and the
laser to the corresponding fibers in such a manner that they
emit light into the body tissue to be examined at the desired
different aperture angle. Accordingly, different volumes of
the body tissue are examined with the two radiation sources.
Because of the greater aperture angle, the proportion of the
non-perfused epidermis in the body tissue examined by
means of the light-emitting diode is greater than in the case of
the laser. The light scattered and partly absorbed in the body
tissue, both of the radiation source 5 and of the radiation
source 5', is detected by means of the sensors 6. The sensors
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6 do not have to be disposed directly at the surface of the
housing 400. Instead, the light can be passed to the sensors
disposed in the interior of the measurement device 300 by
means of light-guide fibers. For a differentiation ofthe light of
the radiation source 5 from the light of the radiation source 5',
the two light sources 5 and 5' can be operated with different
time modulation, whereby the signals detected by means of
the sensors 6 are demodulated accordingly. Alternatively it is
possible to differentiate the radiation of the two radiation
sources 5 and 5' on the basis of the different wavelengths. The
radiation intensity of the radiation emitted by the radiation
sources 5 and 5' is weakened with the path length when
passing through the body tissue, whereby the relationship of
the intensity weakening with the concentration of the
absorbed substance (oxygenated hemoglobin) is given by the
known Lambert-Beer law. By means of the sensors 6 shown in
FIG. 2, the parameters of the intensity weakening that are of
interest can be determined, specifically separately for the
volume regions of the body tissue covered by the radiation
sources 5 and 5, in each instance. The parameters of the
intensity weakening that are to be assigned to the different
radiation sources 5 and 5' can be put into relation with one
another by means ofa suitably program-controlled evaluation
unit, in order to carry out a differentiated measurement in this
way. In the simplest case, quotients are calculated, in each
instance, from the parameters of the intensity weakening of
the radiation of the two radiation sources 5 and 5'. From
changes in these quotients, it is then possible to draw conclu-
sions concerning changes in the metabolism. If, for example,
the blood glucose level increases after an intake of nutrients,
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 used up. The cells get this oxygen
by way of the blood. In this connection, the oxygenated
hemoglobin becomes deoxygenated hemoglobin, by giving
off oxygen. Accordingly, the ratio of deoxygenated hemoglo-
bin to oxygenated hemoglobin increases. Because of the dif-
ferent aperture angles of the radiation of the radiation sources
5 and &', the changes in hemoglobin concentration have dif-
ferent effects on the intensity weakening, in each instance.
Thus, changes in the hemoglobin concentration can be
detected from the quotient of the parameters of the intensity
weakening. This makes it possible to draw a conclusion con-
cerning oxygen consumption indirectly. Since the oxygen
consumption 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 that has
been explained. Parallel to the optical measurement, the bio-
impedance analysis is carried out by way of the electrodes 1,
3. The purpose of the bioimpedance measurement is prima-
rily the determination of the local perfusion. This is used as an
additional parameter in the determination of the oxygen con-
sumption and thus also of the blood glucose level. Different
aperture angles of the radiation can also be generated with
only one radiation source 5, by means of using corresponding
optical elements (for example beam splitters, lenses, etc.).

FIG. 3 shows an alternative embodiment of the measure-
ment device 300 according to the invention with concentri-
cally disposed, essentially circular electrodes 1, 3. Depending
on the body location to be examined, the array according to
FIG. 2 or the one according to FIG. 3 is better suited.

FIG. 4 schematically shows the structure of the measure-
ment device 300 according to the invention as a block dia-
gram. Measurement device 300 comprises an optical mea-
surement unit 130 for optical measurement of the oxygen
concentration in the vascular system of the body tissue at the
measurement location, in each instance. The pulse-oximetry
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signals recorded by means of the optical measurement unit
130 are passed to an analysis unit 110. Another essential
component of the measurement device 300 is a heat measure-
ment unit 120 for determining the local heat production. The
heat measurement unit 120 is a special heat sensor that insu-
lates the body location being examined, in each instance. This
location can therefore only absorb or give off heat by means
of the blood stream. For this reason, it is possible to determine
the perfusion and the heat production by means of the time-
resolved measurement of temperature. In the case of strong
perfusion, the body location being examined reaches its
maximal temperature in a very short time. In the case of little
perfusion, this takes longer. In addition, by way of extrapo-
lation of the measured temperature, it is possible to draw
conclusions concerning the arterial temperature, since the
temperature at the measurement location is determined only
by the arterial temperature and by the local heat production.
The measurement signals recorded by the heat measurement
unit 120 are also passed to the analysis unit 110 for further
processing. Furthermore, the measurement device 300 com-
prises the impedance measurement unit 100, which serves to
detect local tissue parameters by means of a bioelectrical
impedance measurement. The measurement signals of the
impedance measurement unit 100 are also processed by
means of the analysis unit 110. Finally, according to the
invention, an EKG unit 132 for detecting an EKG signal is
also provided. The EKG unit 132 is also connected with the
analysis unit 110, for processing of the EKG signals. The
optical measurement unit 130 has the light sources 5, 5' as
well as the light sensors 6 of the measurement device 300
shown in FIGS. 2 and 3 assigned to it. The heat measurement
unit 120 is connected with the heat sensor 7. The impedance
measurement unit 100 detects measurement signals by way of
the electrodes 1 and 3, respectively, of the measurement
device 300. The analysis unit 110 carries out pre-processing
of all the measurement signals. For this purpose, the signals
pass through a band-pass filter, in order to filter out interfer-
ence 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 measurement unit 130, the
heat measurement unit 120, the impedance measurement unit
100 and the EKG unit 132 reach an evaluation unit 140. The
evaluation unit 140 is responsible for calculating the param-
eters essential for the diagnosis from the measurement sig-
nals. The functions of the evaluation unit 140 are essentially
implemented by means of software. For example, the com-
position of the body tissue being examined (water content, fat
content, etc.) is calculated from the time-dependently
recorded measurement signals of the impedance measure-
ment unit 100. The arterial oxygen saturation and—based on
the tissue parameters determined previously, on the basis of
the impedance measurement—the capillary oxygen satura-
tion are calculated from the signals of the optical measure-
ment unit 130. Furthermore, the perfusion and the arterial
temperature are determined from the measurement signals of
the heat measurement unit 120 and from the data that can be
derived from the time-dependent impedance measurement.
The pulse wave velocity is determined from the signals of the
EKG unit 132 and those of the optical measurement unit 130.
Finally, the venous oxygen saturation, and from it other meta-
bolic parameters, particularly the local oxygen consumption
and the glucose concentration at the measurement location,
are calculated by means of the evaluation unit 140, from the
results of all the calculations carried out previously. The
calculation results are interpreted by means of a diagnosis
unit 150. The diagnosis unit 150 serves for evaluating the

20

25

40

45

55

60

65

14

local metabolic parameters calculated by means of the evalu-
ation unit 140. The evaluation unit 140 and the diagnosis unit
150 are connected with a graphics unit 160, to display the
measurement results. The data obtained can be stored in a
memory unit 170, specifically while simultaneously storing
the date and the time of day of the measurement, in each
instance. Furthermore, an interface unit 180 is provided,
which serves to transmit the calculated physiological param-
eters. By way of the interface unit 180, 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, for example, which is not shown in any detail.
There, the data can be analyzed in greater detail. In particular,
data and parameters recorded with the measurement device
300 over an extended period of time can be investigated with
regard to changes, in order to be able to draw conclusions
concerning the development of an existing illness from this.

FIG. 5§ schematically shows another exemplary embodi-
ment of the measurement device 300 according to the inven-
tion. On the outside of the housing 400, an EKG electrode 9
is affixed. This electrode is touched with the finger of one
hand. A finger of the other hand is introduced into a tube-like
opening 10. In the interior of the opening 10 are the electrodes
1, 3, the light sources 5, §', the light sensors 6, as well as the
heat sensor 7. Furthermore, in the interior of the tube 10, an
inflatable air cushion 11 is disposed, which fixes the finger in
place and presses it against the sensors gently and with a
defined pressure. Operating keys of the measurement device
300 as well as a display to output the measurement results are
left out in FIG. 5, for reasons of clarity.

FIG. 6 shows the structure of the impedance measurement
unit 100 of the measurement device 300 according to the
invention, in terms of circuit technology, as a block diagram.
The impedance measurement unit 100 comprises a digital
signal generator 60 that has an external cycle signal 61
applied to it. The digital signal is converted to an analog signal
by means of a digital/analog converter 62, and amplified by
means of an amplifier 63. In this manner, an alternating cur-
rent signal of variable frequency is generated, which is passed
to the body of the patient to be examined by way of the feed
electrode 1. The impedance measurement signal is detected
by way of a measurement electrode 3 and amplified by means
of an amplifier 65. The amplifier 65 is followed by a variable
attenuator 66 and a low-pass filter 67 for the purpose of noise
suppression. The amplified and filtered analog signal is con-
verted to a digital signal by means of an analog/digital con-
verter 68, and transformed by means of a digital Fourier
transformation unit 69. The real part and the imaginary part of
the Fourier-transformed measurement signal are stored in
registers 70 and 71, respectively. The registers 70 and 71 can
be queried by way of an interface 72 (for example PC inter-
face). By way of the interface 72, the Fourier-transformed
digital signals are transmitted to the evaluation unit 140 ofthe
measurement device 300 according to the invention.

The invention claimed is:

1. A medical measurement device having an impedance
measurement unit having at least one measurement electrode
pair comprising a first electrode and a second electrode and at
least one feed electrode pair,

wherein the impedance measurement unit is for detecting

an impedance measurement signal on a skin surface ofa
patient by way of the at least one measurement electrode
pair,

wherein a distance between the first and second electrodes

of the at least one measurement electrode pair is within
a range of from 1000 micrometers to 1 centimeter,
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wherein the at least one feed electrode pair comprises a first
feed electrode and a second feed electrode for applying
an alternating current of variable frequency to a body
tissue of the patient,
wherein the at least one measurement electrode pair and
the at least one feed electrode pair are configured to
simultaneously touch a first region of the skin surface,

wherein the medical measurement device further com-
prises a program-controlled evaluation unit connected
with the impedance measurement unit,

wherein the program-controlled evaluation unit comprises

a data processor programmed with software to deter-
mine changes in a local impedance measurement signal,
and

wherein the program-controlled evaluation unit is pro-

grammed to determine local resistance and local reac-
tance from the local impedance measurement signal in
that the program-controlled evaluation unit comprises
an analog/digital converter configured to digitalize the
local impedance measurement signal and to subject a
digitalized local impedance measurement signal to a
discrete Fourier transformation to determine at least one
member selected from the group consisting of
a heart rate,
a pulse amplitude,
a local perfusion,
a local body temperature, and
a blood glucose level
from the changes in the local impedance measurement signal
over time caused by an amount of blood changing within a
pulse beat.

2. The medical measurement device according to claim 1,
wherein the at least one measurement electrode pair and the at
least one feed electrode pair are configured as contact strips,
and

wherein the contact strips are parallel to one another.

3. The medical measurement device according to claim 1,
further comprising an EKG unit for detecting an EKG signal
by way of two or more EKG electrodes.

4. The medical measurement device according to claim 3,
wherein at least one EKG electrode of the two or more EKG
electrodes is simultaneously a member selected from the
group consisting of: the first feed electrode of the at least one
feed electrode pair, the second feed electrode of the at least
one feed electrode pair, the first electrode of the at least one
measurement electrode pair, and the second electrode of the at
least one measurement electrode pair.

5. The medical measurement device according to claim 1,
further comprising:

an optical measurement unit comprising at least one radia-

tion source for irradiating body tissue, and

at least one radiation sensor for detection of radiation scat-

tered and/or transmitted by the body tissue.

6. The medical measurement device according to claim 5,
wherein the optical measurement unit has at least two radia-
tion sensors for detection of the radiation scattered and/or
transmitted by the body tissue, and

wherein the at least two radiation sensors are disposed at

different distances from the at least one radiation source.

7. The medical measurement device according to claim 5,
wherein the at least one radiation source comprises at least
two radiation sources,

wherein a first radiation source of the at least two radiation

sources can irradiate a first volume region of the body
tissue,
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wherein a second radiation source of the at least two radia-
tion sources can irradiate a second volume region of the
body tissue, and

wherein the first volume region is different from the second
volume region.

8. The medical measurement device according to claim 7,
wherein the at least two radiation sources have different spa-
tial emission characteristics.

9. The medical measurement device according to claim 5,
further comprising a light-conducting element connected
with the at least one radiation source,

wherein the at least one radiation source can emit radiation
to the skin surface, and

wherein the light-conducting element can guide the radia-
tion emitted by the at least one radiation source to the
skin surface.

10. The medical measurement device according to claim 1,

further comprising a temperature or heat sensor.

11. The medical measurement device according to claim 1,
further comprising a fixation device for fixation ofa body part
of a patient on the medical measurement device.

12. The medical measurement device according to claim
11, wherein the fixation device comprises an inflatable air
cushion, and

wherein the inflatable air cushion can press the body part
against the first and second electrodes of the at least one
measurement electrode pair and/or feed electrodes of the
at least one feed electrode pair.

13. The medical measurement device according to claim 1,
further comprising a plurality of feed and/or measurement
electrodes of the impedance measurement unit,

wherein the plurality of feed and/or measurement elec-
trodes of the impedance measurement unit are disposed
in a matrix.

14. An electronic device comprising:

a medical measurement device having an impedance mea-
surement unit having at least one measurement electrode
pair comprising a first electrode and a second electrode
and at least one feed electrode pair, and

an entertainment device or communications technology
device connected with the medical measurement device,

wherein the impedance measurement unit is for detecting
an impedance measurement signal on a skin surface ofa
patient, by way of the at least one measurement elec-
trode pair,

wherein a distance between the first and second electrodes
of the at least one measurement electrode pair is within
a range of from 1000 micrometers to 1 centimeter,

wherein the at least one feed electrode pair comprises a first
feed electrode and a second feed electrode for applying
an alternating current of variable frequency to a body
tissue of the patient,

wherein the at least one measurement electrode pair and
the at least one feed electrode pair are configured to
simultaneously touch a first region of the skin surface,

wherein the medical measurement device further com-
prises a program-controlled evaluation unit connected
with the impedance measurement unit,

wherein the program-controlled evaluation unit comprises
a data processor programmed with software to deter-
mine changes in a local impedance measurement signal,
and

wherein the program-controlled evaluation unit is pro-
grammed to determine local resistance and local reac-
tance from the local impedance measurement signal in
that the program-controlled evaluation unit comprises
an analog/digital converter configured to digitalize the
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local impedance measurement signal and to subject a
digitalized local impedance measurement signal to a
discrete Fourier transformation to determine at least one
member selected from the group consisting of

a heart rate,

a pulse amplitude,

a local perfusion,

a local body temperature, and

a blood glucose level

from the changes in the local impedance measurement signal
over time caused by an amount of blood changing within a
pulse beat.

15. The electronic device according to claim 14, wherein
the entertainment device or communications technology

device is a mobile device.

16. A medical measurement device having an impedance

measurement unit having at least one measurement electrode

pair comprising a first electrode and a second electrode and at

least one feed electrode pair,

wherein the impedance measurement unit is for detecting
an impedance measurement signal on a skin surface of a
patient by way of the at least one measurement electrode
pair,

wherein a distance between the first and second electrodes
of the at least one measurement electrode pair is within
a range of from 1000 micrometers to 1 centimeter,

10
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wherein the at least one feed electrode pair comprises a first
feed electrode and a second feed electrode for applying
an alternating current of variable frequency to a body
tissue of the patient,
wherein the at least one measurement electrode pair and
the at least one feed electrode pair are configured to
simultaneously touch a first region of the skin surface,
wherein the medical measurement device further com-
prises a program-controlled evaluation unit connected
with the impedance measurement unit,
wherein the program-controlled evaluation unit comprises
a data processor programmed with software to deter-
mine changes in a local impedance measurement signal
over time caused by an amount of blood changing within
a pulse beat, and
wherein the program-controlled evaluation unit is config-
ured to determine local resistance and local reactance
from the local impedance measurement signal in that:
the program-controlled evaluation unit comprises an
analog/digital converter configured to digitalize the
local impedance measurement signal, and
the program-controlled evaluation unit is programmed
to subject a digitalized local impedance measurement
signal to a discrete Fourier transformation.
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