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DEVICE FOR DETERMINING A

PARAMETER FOR DIAGNOSING

HYDROCEPHALUS AND OTHER
DISORDERS OF INTRACRANIAL PRESSURE

[0001] The present invention relates to a device for deter-
mining a characteristic parameter for the diagnostics of
hydrocephalus and other disorders of intracranial pressure
and a method for determining a characteristic parameter of
the head content of humans and other mammals.

[0002] For the diagnostics of patients who have an imbal-
ance between the formation of cerebro-spinal fluid and the
reabsorption of cerebro-spinal fluid, the so-called hydro-
cephalus patients, and also in other patients, in which the
pressure conditions in the head or brain are disturbed,
devices are used which determine the pressure or volume
elasticity of the space in the skull. In many of these patients,
the mean pressure in the cerebro-spinal fluid, is not patho-
logically elevated. However, their volume elasticity of the
content of the skull is limited and smallest triggering pres-
sure changes lead to wave-shaped increases in pressure,
especially during sleep and when lying down. In others of
these patients, the reduction in volume elasticity is also
associated with an increase in pressure.

[0003] Volume elasticity is a measure of the ability of the
brain to compensate for volume changes. The brain is
trapped in the rigid bony cranial vault. In addition to the
brain matter, arteries that deliver blood to the brain, veins
that carry the blood away from the brain, and cerebro-spinal
fluid chambers that contain the cerebro-spinal fluid (liquor
cerebrospinalis) are present in this cavity. As the volume of
one of these compartments increases, the volume of one or
more of the other compartments nust be displaced because
the total volume of the rigid cranial vault is constant. In the
healthy state, the volume elasticity is high enough for
changes in the volume of one of the compartments, e.g.
swelling of the brain matter due to injuries, to be compen-
sated without significant pressure increase.

[0004] The volume elasticity (compliance) can be deter-
mined by an invasive procedure in which a catheter is
inserted into the cerebro-spinal fluid space via a drill hole in
the skull, a certain volume AV of a fluid is injected and the
resulting pressure increase Ap is measured. As a result, the
compliance C is given by the equation C=AV/Ap. In healthy
people, the compliance is greater than 1 mI/mmHg.

[0005] Naturally, with each heartbeat, a certain volume of
blood is supplied through the arteries, causing a pressure
increase. This pressure increase can be measured with an
invasive pressure probe. The blood volume delivered by the
heartbeat is not known, so that the compliance cannot be
calculated numerically. However, the experienced physician
receives an indication of the compliance from the pulse
amplitude of the intracranial pressure (ICP).

[0006] For direct measurement of intracranial pressure,
miniaturized pressure transducers are used, which are intro-
duced invasively into the cranial vault. Such pressure trans-
ducers are designed as semiconductor sensors (for example
according to DE000002206624) or as fiber-optic sensors
(for example according to U.S. Pat. No. 4,787,396). Like the
determination of the compliance from volume injection, the
direct measurement of intracranial pressure is a very inva-
sive procedure which represents a great burden and risk for
the patient.
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[0007] Because of the disadvantages of direct measure-
ments, attempts have been made in various ways to nonin-
vasively determine intracranial pressure and/or compliance
“externally”.

[0008] Paulat (DE000019606687A1) describes the detec-
tion of the electrical impedance of the skull with two or more
electrodes attached to the scalp. The course of the imped-
ance is influenced by the ratio of the compartments blood,
brain matter, and cerebro-spinal fluid periodically at each
heartbeat and a graph with periodic portions is obtained. In
this graph characteristic points (landmarks) are recogniz-
able, the amplitude of which is described as characteristic
for the ICP. However, this relationship changes from patient
to patient under the influence of many factors, so that a
reliable diagnostic procedure could not be developed from
it.

[0009] Yost (U.S. 67/377,3407) describes a method in
which the transit time of an ultrasonic signal through the
skull is determined. The speed at which the impulse passes
through the cranial vault is influenced by the different
velocities of sound in the compartments and their compo-
sition. However, since the calibration of this procedure is
uncertain and the relationship between the measurement
results and the variable to be measured is changed from
patient to patient due to a variety of factors, a reliable
diagnostic procedure could not be developed from this.
[0010] Ben-Ari (WO 20141167418) proposes to obtain
from the electrical capacitance and/or impedance of the head
a parameter for possible edema (water accumulation in the
tissue) in the interior of the head. Also due to the difficult
calibration and the large interindividual differences, this
procedure could not prevail.

[0011] Furthermore, US 2014/0371545 Al describes a
cerebro-hemodynamic measuring device with at least one
processor.

[0012] Furthermore, US 2005/0015009 Al describes a
method for determining the ICP of a subject on the basis of
at least two variable inputs.

[0013] Furthermore, S. Jetzki, M. Kiefer, R. Eymann, M.
Walter, and S. Leonhardt [1] mention the so-called PA-PM
slope in connection with the dynamic course of intracranial
pressure (ICP).

[0014] Forsome time, characteristic parameters have been
used that are calculated from the ratio of all spontaneous
changes in pulse amplitude to all spontaneous changes in
mean intracranial pressure, see e.g. also the parameter RAP
in [2], or the parameter AMP/P in [3] or the parameter RPPC
in [4].

[0015] Common to the prior art [1]-[4] is, however, that all
changes in the pulse amplitude are correlated with all
changes in the mean pressure. The causes of changes in the
pulse amplitude can be:

[0016] change in the pulse amplitude of the arterial
pressure pulse,

[0017] change of compliance (compliance of the head
content) by changes in volume of the cerebro-spinal
fluid,

[0018] change in compliance by changes in intracranial
blood volume by altering the diameter of the arteries.
(The brain regulates its blood flow by contracting or
dilating the arteries in response to blood pressure. This
mechanism is called autoregulation. Furthermore the
brain regulates its circulation by contracting or dilating
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the arteries in response to demand. This mechanism is
called metabolic coupling.),

[0019] changes in pulse amplitude by changes of the
pressure and thus the compliance by respiration.

[0020] The causes of changes in mean pressure are also
manifold:
[0021] change in pressure due to hydrostatic effect

when the position changes (lying, sitting, standing),

[0022] change in pressure due to changes in cerebro-
spinal fluid volume,

[0023] change in pressure due to changes in intracranial
blood volume by altering the diameter of the arteries
(autoregulation, metabolic coupling),

[0024] changes in pressure due to respiration.

[0025] Since all these changes of pulse amplitude and
pressure are correlated with each other in the above-cited
methods, the correlation coeflicients are low in the clinical
routine and the parameters have little significance. None of
the described systems for noninvasive diagnosis of hydro-
cephalus has hitherto proven itself in practice.

[0026] The object of the present invention is therefore to
provide a device for diagnostics of hydrocephalus and other
disorders of the intracranial pressure in which from a
pressure signal or another characteristic signal which con-
tains information about the pressure or the volume compo-
sition in the skull, information about the volume elasticity is
obtained.

[0027] The invention takes advantage of the fact that due
to the heartbeat and the respiration and other naturally
occurring periodic events, periodic pressure fluctuations
occur in the ICP. Tt was surprisingly found that it is possible
to calculate from the relationships of these pressure fluctua-
tions dimensionless parameters that are characteristic for the
compliance. A characteristic parameter RAQ that is deter-
mined according to the invention is for example the ratio of
the amplitude A, of the respiratory waves in the pressure
signal to the amplitude of the respiratory waves AA, , in the
course of the heartbeat-induced pulse amplitude A,
[0028] From the above-mentioned values, it is also pos-
sible according to the invention to calculate alternative
characteristic parameters or output values, in particular
dimensionless parameters, in particular in the form of quo-
tients or in the form of parameters comprising such quo-
tients. The calculation of a characteristic parameter or output
value according to the invention is preferably carried out
using at least one ot more of the variables: A, A,  AA .
Possibly other quantities may be used to determine the
characteristic parameter (such as for example heart rate
and/or respiratory rate). Of course, a characteristic param-
eter according to the invention can be scaled or by addition
or subtraction be shifted appropriately. In particular, the
characteristic parameter can be a dimensionless parameter
by means of a suitable proportionality constant.

[0029] As described below by way of example, the pro-
cessed characteristic signal may be the directly measured
pressure signal. It can also be an impedance, capacitance, or
other signal. Determined is, for example the amplitude of the
pulse caused by the volume of blood supplied through the
arteries at each heartbeat. Furthermore, the—lower-fre-
quency—ypressure wave is determined, which is caused by
the fact that the blood outflow is periodically built up with
each breath, which also corresponds to a change in volume,
which is reflected in a pressure change. Since the periodic
respiratory pressure change also causes the compliance to
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decrease and increase periodically, respiration also mani-
fests itself in a modulation of the amplitude of the heartbeat-
related pulse. In the ICP pressure graph, the pulsations
caused by the heartbeat and respiration are recognizable and
measurable. FIG. 1 schematically shows the course of the
intracranial pressure with a cardiac cycle 1 and a respiratory
cycle 2.

[0030] Whereas breathing modulates the heartbeat-related
higher-frequency pulse amplitude in the frequency range of
the respiratory rate (10 per minute to 20 per minute), other
periodic influences modulate the amplitude of the heartbeat-
related pulse wave (and other higher-frequency periodic
waves) in other frequency ranges: A waves in the range of
less than 1 per 3 minutes. B waves (resonance-oscillations of
the regulation of the blood circulation, the so-called auto-
regulation) in the range of ¥ per minute to 3 per minute. C
waves in the range of 3 per minute to 9 per minute. Each of
the amplitudes of said periodic waves is modulated by the
respective lower frequency waves. In the following, the
terms “modulated wave” and “modulating wave” are used.
Thus, when the amplitude of the heartbeat-related pulses is
modulated by respiratory waves, the heartbeat-related pulses
are the modulated wave and the respiratory waves are the
modulating wave. The following illustrations are for better
understanding related to the modulation of the amplitude of
the heartbeat-related pulse wave through the respiratory
wave. However, they are also applicable to any other com-
bination of modulating and modulated wave with a corre-
sponding change in the frequency-determining components.

[0031] The ratio RAQ of the amplitude A, of the respi-
ratory waves in the processed characteristic signal to the
amplitude AA,  of the respiratory waves in the course of the
heartheat-induced pulse amplitude A,, of the evaluated
signal is a ratio calculated by the equation RAQ=A /AA .
It is independent of the calibration. Therefore, the device
according to the invention is particularly suitable for the
evaluation of non-invasively obtained signals containing
information about the pressure or the volume composition or
the volume elasticity in the skull. In this way, it is possible
for the first time to obtain information about intracranial
compliance in a non-invasive manner from uncalibrated
signals. Furthermore, it is possible for the first time to obtain
information about the intracranial compliance from the
invasively directly measured pressure signal without having
to inject a substance.

[0032] According to the invention, there is provided, in
particular, a device for determining a characteristic param-
eter of the head content of humans and other mammals,
which is suited for obtaining and evaluating a signal char-
acteristic of the head content as an input variable, the device
being configured to:

[0033] a. calculate the pulse amplitude A, of each
individual period (or half period) of a modulated wave
of the characteristic signal and generate a signal A, or
a time seties A, ,

[0034] b. calculate the mean value MICP for each single

period (or half period) of the modulated wave of the

characteristic signal and generate a signal MICP or a

time series MICP,

[0035] c. calculate the amplitude A,, of a modulating
wave in the time series MICP or in the signal MICP,

[0036] d. calculate the amplitude AA, , of the modulat-
ing wave in the time series A, or in the signal A, ,
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[0037] e. calculate the characteristic parameter as an
output value using at least one or more of the quantities:
AL A, AA

[0038] According to an embodiment of the invention, the
characteristic parameter is a dimensionless parameter.
[0039] The solution according to the invention thus elimi-
nates in particular the weakness of the above-cited
approaches [1] to [4], in that only one influence (for example
respiration) is taken into account both in the change of the
pulse amplitude and in the change of the mean pressure
(MICP). In particular, only the changes in the amplitude of
a modulated wave in a narrow frequency band and the
changes in the amplitude of a modulating wave in the same
narrow frequency band are considered. For example, in a
highly selective fashion, both in the numerator, and in the
denominator of the quotient RAQ, only periodic changes in
the same narrow frequency range are considered.
[0040] When applied according to the invention to the
respiratory wave as a modulating wave and the pulse wave
as a modulated wave, for example only the changes of the
pulse amplitude in the respiratory frequency range as a
modulated wave and the changes of the mean pressure in the
respiratory frequency range as a modulating wave are taken
into account. Due to the narrow-band limitation to for
example the respiratory frequency range, both in the
numerator and in the denominator only one influence is
considered, whereas fluctuations caused by changes in posi-
tion, autoregulation etc. are filtered out.
[0041] The above-mentioned step a) is therefore to be
understood in particular such that the pulse amplitude A, , of
each individual period (or half-period) of precisely one or
only one modulated wave of the characteristic signal is
calculated and a signal A, , or a time series A, , is generated.
[0042] Furthermore, according to the above-mentioned
step ), it is therefore to be understood in particular that the
amplitude A, of precisely one or only one modulating wave
in the time series MICP or in the signal MICP is calculated.
[0043] Furthermore, according to an embodiment of the
invention, the parameter is a quotient or comprises a quo-
tient.
[0044] Furthermore, according to an embodiment of the
invention, the parameter is a quotient comprising the values
A, and AA .
[0045] Furthermore, according to an embodiment of the
invention, the parameter is a quotient comprising the size HF
and/or AF, where HF is the heart rate and AF is the
respiratory rate.
[0046] Furthermore, according to an embodiment of the
invention, the quotient RAQ is proportional to or equal to
one of the following expressions: A, /AA, , Arp/(AA, /
AF), A, /(AA*HF), A, /(AA,,*(HF/AL)).
[0047] Furthermore, according to an embodiment of the
invention, the characteristic signal is the directly measured
pressure inside the head (ICP).
[0048] Furthermore, according to an embodiment of the
invention the characteristic signal is the electrical impedance
of the skull, which can be obtained by means of electrodes
externally attachable to the skull.
[0049] Furthermore, according to one embodiment of the
invention, it is provided that the characteristic signal is the
electrical capacity of the skull, which can be obtained by
means of electrodes which can be attached externally to the
skull.
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[0050] The device according to the invention can comprise
said electrodes, these possibly being connected to the unit or
units of the device according to the invention, so that the said
impedance or capacity can be processed by means of the
device.

[0051] Furthermore, according to an embodiment of the
invention, the characteristic signal is the transit time of an
ultrasound signal which is passed through the skull.

[0052] Furthermore, according to an embodiment of the
invention, the characteristic signal is the transit time of an
ultrasound signal which is reflected from the interior of the
skull.

[0053] Furthermore, according to an embodiment of the
invention, the device comprises one or more units which are
or are configured for the purpose to

[0054] a. calculate the pulse amplitude A, of each
individual period (or half period) of the modulated
wave of the characteristic signal and generate a signal
A,, or a time series A, (3),

[0055] b. calculate the mean value MICP for each
individual period (or half period) of the modulated
wave of the characteristic signal and generate a signal
MICP or a time series MICP (4),

[0056] c. calculate the amplitude A, of a modulating
wave in the time series MICP or in the signal MICP (5),

[0057] d. calculate the amplitude AA, , of the modulat-
ing wave in the time series A, , or in the signal A, (6),

[0058] e. calculate the characteristic parameter as an
output value using at least one or more of the quantities:
A AL A,

[0059] In particular, for each of the above-mentioned
calculations or steps a to e, a separate unit may be provided.
However, it is also conceivable that the individual calcula-
tions/steps are performed by one unit or by several units to
which the calculations are suitably distributed. Of course,
the unit which carries out the calculation of the characteristic
parameter can also carry out all other variants of the param-
eter calculation disclosed herein.

[0060] Furthermore, according to an embodiment of the
invention, the respective unit which carries out the calcula-
tion of the characteristic parameter is an analogue comput-
ing circuit, a digital arithmetic circuit or a program-con-
trolled microprocessor circuit.

[0061] According to one embodiment, the modulated
wave may be one of the periodic waves from the group of
B waves (% period per minute to 3 periods per minute), C
waves (3 periods per minute to 9 periods per minute),
respiratory waves (10 Periods per minute to 20 periods per
minute), heartbeat-related waves (20 periods per minute to
240 periods per minute).

[0062] Furthermore, according to one embodiment, the
modulating wave may be one of the periodic waves from the
group of A-waves (<1 per 4 minute), B-waves (/3 per minute
to 3 per minute), C-waves (3 per minute to 9 per minute),
respiratory waves (10 per minute to 20 per minute), provided
it has a lower frequency than the modulated wave.

[0063] According to another embodiment, a device is
disclosed configured to calculate said characteristic param-
eter as a first output value and additionally configured to
calculate a further characteristic parameter as a second
output value, wherein for calculating the further output
value in particular a combination of modulated and modu-
lating waves is used, which differs from the combination of
modulated and modulating wave used to calculate the char-
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acteristic parameter or first output value, wherein her the
device is configured to form the quotient of the first output
value and the second output value as a characteristic param-
eter of the head content.

[0064] In this embodiment, the device can comprise for
example two devices according to the invention, wherein
one device calculates the first output value and the other
device calculates the second output value. The device then
calculates said quotient from the first and the second output
values.

[0065] Furthermore, according to an embodiment, the
device is configured to form the time seties A,, by using for
the time period between a local maximum and the subse-
quent local minimum of the modulated wave of the charac-
teristic signal, the difference between the local maximum
and the local minimum as value for the time series A, , and
by using for the ensuing time period between the local
maximum and the subsequent local minimum of the modu-
lated wave of the characteristic signal, the difference
between the local maximum and the subsequent local mini-
mum as value of the time series A .

[0066] Furthermore, according to an embodiment, the
device is configured to form the time series MICP by using
for the time period between a local minimum and the
subsequent local maximum of the modulated wave of the
characteristic signal, the mean value between the local
maximum and the local minimum as value for the time series
MICP, and by using for the following time period between
the local maximum and the subsequent local minimum of
the modulated wave of the characteristic signal, the mean
value between the local maximum and the subsequent local
minimum as value of the time series MICP.

[0067] Another aspect of the present invention relates to a
method for determining a characteristic parameter of the
head content of humans and other mammals, in particular
using a device according to the invention, comprising the
steps:

[0068] a. calculating the pulse amplitude A, of each
individual period (or half-period) of a modulated wave
of the characteristic signal and generating a signal A,
or a time series A, , (3),

[0069] b. calculating the mean value MICP for each
individual period (or half period) of the modulated
wave of the characteristic signal and generating a signal
MICP or a time series MICP (4),

[0070] c. calculation of the amplitude A, of a modu-
lating wave in the time series MICP or in the signal
MICP (5),

[0071] d. calculating the amplitude AA,, of the modu-
lating wave in the time series A, (6),

[0072] e. calculation of the characteristic using at least
one or more of the following variables: A, ,, A, . AA, .

[0073] According to an embodiment of the method
according to the invention, the characteristic parameter is a
dimensionless parameter.

[0074] Furthermore, according to one embodiment of the
method according to the invention, the characteristic param-
eter is a quotient or comprises a quotient.

[0075] Furthermore, according to an embodiment of the
method according to the invention, the characteristic param-
eter is a quotient comprising the values A, and AA .
[0076] Furthermore, according to an embodiment of the
method according to the invention, the characteristic param-
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eter is a quotient comprising the quantity HF and/or AF,
where HF is the heart rate and AF is the respiratory rate.

[0077] Furthermore, according to an embodiment of the
method according to the invention, the quotient RAQ is
proportional to or equal to one of the following expressions:

AJAA,, A J(AAJAF), A J(AA FHF), A, J(AA, ¥
(HE/AF)).
[0078] Furthermore, according to an embodiment of the

method according to the invention, the characteristic signal
is the directly measured pressure in the cranial vault.
[0079] Furthermore, according to an embodiment of the
method according to the invention, the characteristic signal
is the electrical impedance of the skull, which is obtained by
means of electrodes attached to the outside of the skull.
[0080] Furthermore, according to an embodiment of the
method according to the invention, the characteristic signal
is the electrical capacitance of the skull, which is obtained
by means of electrodes attached to the outside of the skull.
[0081] Furthermore, according to an embodiment of the
method according to the invention, the characteristic signal
is the transit time of an ultrasound signal which is conducted
through the skull.

[0082] Furthermore, according to an embodiment of the
method according to the invention, the characteristic signal
is the transit time of an ultrasonic signal that is reflected
from inside the skull.

[0083] Furthermore, according to an embodiment of the
method according to the invention, the time series A, is
formed by using for the time period between a local mini-
mum and the subsequent local maximum of the modulated
wave of the characteristic signal, the difference between the
local maximum and the local minimum as value for the time
series A, and by using for the following time period
between the local maximum and the subsequent local mini-
mum of the modulated wave of the characteristic signal, the
difference between the local maximum and the subsequent
local minimum as value of the time series A, .

[0084] Furthermore, in the method according to the inven-
tion, two devices according to the invention can also be used
(see above) or two output values can be calculated, wherein
the first device or output value is characterized by a specific
combination of modulated and modulating wave, and
wherein the second device or output value is characterized
by another combination of modulated and modulating wave,
and wherein the characteristic parameter of the head content
is formed by the quotient of the first output value and the
second output value. In particular, all the combinations or
examples described herein may be used for the said com-
binations of modulated and modulating waves.

[0085] Further features, embodiments and advantages of
the present invention will be explained below with reference
to Figures.

[0086] FIG. 1 is a representation of the course of intrac-
ranial pressure with a cardiac cycle 1 and a breathing cycle
2.

[0087] FIG. 2 shows a block diagram of a device accord-
ing to the invention or of a method according to the
invention; and

[0088] FIGS. 3A-3J show by way of example the process-
ing of the pressure signal ICP in the context of the present
invention.

[0089] A device according to the invention or a method
according to the invention are shown schematically in FIG.
2.
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[0090] According to an embodiment of the invention, the
device, as shown in FIG. 2 by way of example for the
processing of the ICP as a block diagram, consists of a
processing unit for an invasive or noninvasively obtained
characteristic signal which contains units for the following
evaluations:

[0091] a. calculation of the pulse amplitude A, , of each
individual heartbeat in the characteristic signal and
generation of a signal A, or a time series A, (3),

[0092] b. calculation of the mean value MICP of the
characteristic signal for each individual heartbeat and
generation of a signal MICP or a time series MICP (4),

[0093] c. calculation of the amplitude A, of the respi-
ratory wave in the generated signal MICP or in the time
series MICP (5),

[0094] d. calculation of the amplitude AA, 5~ of the
respiratory wave in the generated signal A, or in the
time series A, , (6),

[0095] e. calculation of the quotient of the parameter as
a quantity RAQ which is proportional to RAQ=A, /A,
(7), or calculation of the parameter in the form of the
quotient RAQ, where RAQ=A, /A, , (7).

[0096] In this embodiment of the invention, the heartbeat
induced wave is the modulated wave and the respiratory
wave is the modulating wave. Similarly, any combination of
higher frequency modulated wave and lower frequency
modulating wave is possible.

[0097] It has surprisingly been found that the calculation
of the pulse amplitude A, as the mean value of the differ-
ence between two local maxima of the modulated wave of
the characteristic signal and the local minimum of the
modulated wave of the characteristic signal between these
two maxima leads to systematically distorted amplitude
values by the modulating wave.

[0098] Therefore, in order to calculate the pulse amplitude
A,, in the present invention, the difference between the local
maximum and the local minimum is preferably selected as
the value for the time series A, , for the time period between
a local minimum and the subsequent local maximum of the
modulated wave of the characteristic signal and for the
subsequent period between the local maximum and the
subsequent local minimum, the difference between the local
maximum and the following local minimum is preferably
selected. This will be explained below by way of example
with reference to FIG. 3C.

[0099] Since the heart’s stroke volume decreases with
increasing heart rate at the same blood flow, it is provided
according to an embodiment of the invention, that in the
characteristic parameter or in the quotient RAQ the ampli-
tude AA, , is multiplied by the heart rate or by a variable
derived therefrom, so that the parameter RAQ is propor-
tional to

4,,/(dA4,, *HF),
[0100]
RAQ=A, /(44 *TIF),

[0101] where HF is the heart rate. This makes RAQ
independent of the heart’s stroke volume.

[0102] Furthermore, according to an embodiment of the
invention, the respiratory frequency AF can also be included
in the processing (because at high respiratory rates the rate
of change per time is higher). Accordingly, it is possible to
correct the characteristic parameter or the said quotient RAQ
by the respiratory frequency by dividing the amplitude AA,

or so that the parameter RAQ is given by
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by the respiratory frequency AF or dividing it by a variable
derived from the respiratory frequency AF in the calculation
of the characteristic parameter or quotient RAQ.

[0103] Accordingly, then the parameter RAQ is propor-
tional to

A, (A JAF)

[0104]
RAQ=A, /(44 ,/AF).

[0105] As a result, the characteristic parameter or the

quotient RAQ is independent of the respiratory rate.

[0106] Of course, the two above-mentioned correction

options can also be combined according to a further embodi-

ment. The characteristic parameter (here the quotient RAQ)
is then calculated as

or results in a quotient

RAQ=A, /(44 *(HF/AF)),

[0107] or is proportional to A _/(AA, *(HF/AF)).

[0108] If necessary, the above-mentioned equations for
calculating RAQ can contain a proportionality factor on the
right-hand side, particularly so that, if necessary, the calcu-
lated characteristic parameter or the quotient RAQ is dimen-
sionless. This is particularly the case when correcting only
with the quantity HF or AF, each having the dimension of a
frequency.

[0109] Ifthe respiratory frequency AF and/or the heart rate
is used to determine the characteristic parameter, the device
according to the invention can comprise a unit for measuring
the heart rate and/or a unit for measuring the respiratory rate.
[0110] In the calculation of the quotient RAQ according to
the exemplary embodiment of FIG. 2, multiplying the value
AA by the heart rate HF and/or dividing by the respiratory
rate can be carried out after step 6, that is after the deter-
mination of AA .

[0111] FIGS. 3A to 37 also show, by way of example for
the processing of the ICP, how the individual values are
determined from the pressure signal.

[0112] FIG. 3A shows first a period of the pressure signal
ICP. It can be seen in FIG. 3B how to calculate the mean
value MICP of the period of ICP shown. Further, FIG. 3C
shows how the pulse amplitude A, , can be calculated, for
example by forming a difference between the local maxi-
mum MAX of ICP and the first local minimum MIN1 of ICP
for the time period T1 between the first local minimum
MINT of ICP and the first local maximum MAX of ICP (A,
(T1H=MAX-MIN1). For the second time period T2 between
the local maximum MAX of ICP and the second local
minimum MIN2 of ICP, for A, , the difference between the
local maximum MAX of ICP and the second minimum
MINZ of ICP can be set accordingly (i.e. A,, (T2)=MAX-
MIN2). Analogously, then MICP is also determined sepa-
rately for the half periods T1 and T2 as the average pressure
between MIN1 and MAX and between MAX and MIN2.
This can be continued in the other periods of ICP shown in
FIGS. 3D through 31. By analogy, A, and MICP may each
be determined as “half periods™ between local minimum and
local maximum as the first half period and between local
maximum and next local minimum as the second half
period, or they may each be determined for whole periods.
[0113] FIG. 3J then shows by way of example the calcu-
lation of the amplitude AA, , from the time series A, and the
calculation of the amplitude Arp from the time series MICP.
Here, AA,, results in the difference between the maximum
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and the minimum of the time series A,,,. Furthermore, Arp
is the difference between the maximum and the minimum of
the time series MICP.
[0114] The resulting value RAQ is dimensionless and
independent of the calibration and the transmission factor of
the characteristic signal obtained. Therefore, it is particu-
larly suitable for use with noninvasively obtained signals
whose calibration and transmission factors are unknown.
[0115] In a preferred embodiment of the invention, the
processing described above is performed by one or more
analog computing circuits.
[0116] In a further preferred embodiment of the invention,
the evaluation is performed by one or more digitally oper-
ating arithmetic circuits.
[0117] In a particularly preferred embodiment of the
invention, the evaluation is performed by one or more
computers or microprocessor circuits controlled by one or
more programs. Furthermore, the calculation of the pulse
amplitude described under a) and the signals or time series
described under a) and b) are performed by an algorithm in
the time domain. The calculation of the amplitudes
described under c) and d) is preferably carried out by
determining the maxima and minima in the time series A,
and AA, and forming the differences between successive
maxima and minima.
[0118] The calculation of the amplitudes described under
¢) and d) is particularly preferably carried out by calculating
the amplitude spectra of the time series Avp and AA, , and
determining the maxima in the range of the respiratory
frequency.
[0119] Ina further particular embodiment of the invention,
two devices according to the invention for different combi-
nations of modulated and modulating wave are present and
the characteristic parameter is calculated by calculating the
quotient of the output value or the output signal of the first
device and the output value or the output signal of the
second device. Preferably, in the first device, the signal
RAQI is calculated with the respiratory wave as the modu-
lating wave and the heartbeat-related pulse wave as the
modulated wave, in the second device the signal RAQ2 is
calculated with the B-wave as a modulating wave and the
heartbeat-related pulse wave as a modulated wave. The
characteristic parameter is then calculated as the quotient
RAQI/RAQ2 or its reciprocal.
[0120] In the following, further aspects and embodiments
of the present invention are presented in the form of points
which can also be formulated as claims. The reference
numbers refer to the figures.
[0121] Point 1: Device for determining a characteristic
parameter of the head content of humans and other mam-
mals characterized by obtaining and processing of a signal
characteristic of the head content as an input variable with
units for
[0122] a. Calculation of the pulse amplitude A, of each
individual period of a modulated wave and generation
of a signal or time series A, (3),
[0123] b. calculation of the average value MICP for
each individual period of the modulated wave and

generation of a signal or time series MICP (4),
[0124] c. calculation of the amplitude A, of a modu-
lating wave in the time series MICP (5),

[0125] d. calculation of the amplitude AA, of the
modulating wave in the time series A,, (6),
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[0126] e. calculation of the quotient RAQ=A, /AA, , (7)
as output value.

[0127] Point 2: Device according to the preceding point,
wherein the characteristic signal is the directly measured
pressure inside the head.

[0128] Point 3: Device according to one or more of the
preceding points, wherein the characteristic signal is the
electrical impedance of the skull, which is obtained by
external electrodes attached to the skull.

[0129] Point 4: Device according to one or more of the
preceding points, wherein the characteristic signal is the
electrical capacitance of the skull, which is obtained by
external electrodes attached to the skull.

[0130] Point 5: Device according to one or more of the
preceding points, wherein the characteristic signal is the
transit time of an ultrasound signal, which is passed through
the skull.

[0131] Point 6: Device according to one or more of the
preceding points, wherein the characteristic signal is the
transit time of an ultrasound signal that is reflected from the
interior of the skull.

[0132] Point 7: Device according to one or more of the
preceding points, wherein one or more of the units for the

[0133]  a. calculation of the pulse amplitude A, , of each
individual period of the modulated wave and genera-
tion of a signal or a time series A, (3),

[0134] b. calculation of the average value MICP for
each individual period of the modulated wave and
generation of a signal or time series MICP (4).

[0135] c. calculation of the amplitude A, , of the modu-
lating wave in the signal of time series MICP (5),

[0136] d. calculation of the amplitude AA,  of the
modulating wave in the signal or time series A, (6),

[0137] e. calculation of the quotient RAQ=A, /AA, , (7)
as output value are analog computing circuits.

[0138] Point 8: Device according to one or more of the
preceding points, wherein one or more of the units for the

[0139] a. calculation of the pulse amplitude A, of each
individual period of the modulated wave and genera-
tion of a signal or a time series A,, (3),

[0140] b. calculation of the average value MICP for
each individual period of the modulated wave and
generation of a signal or time series MICP (4).

[0141] c. calculation of the amplitude A, , of the modu-
lating wave in the signal of time series MICP (5),

[0142] d. Calculation of the amplitude AA,, of the
modulating wave in the signal or time series A, , (6),

[0143] e. calculation of the quotient RAQ=A, /AA, , (7)
as output value are digital arithmetic circuit.

[0144] Point 9: Device according to one or more of the
preceding points, wherein one or more of the units for the

[0145]  a. calculation of the pulse amplitude A, of each
individual period of the modulated wave and genera-
tion of a signal or a time series A, (3),

[0146] b. calculation of the average value MICP for
each individual period of the modulated wave and
generation of a signal or time series MICP (4),

[0147] c. calculation of the amplitude A, , of the modu-
lating wave in the signal of time series MICP (5),

[0148] d. calculation of the amplitude AA, =~ of the
modulating wave in the signal or time series A, (6),

[0149] e. calculation of the quotient RAQ=A, /AA, , (7)
as output value are programmable computers or micro-
processor circuits.
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[0150] Point 10: Device according to one or more of the
preceding points, wherein the modulated wave is one of the
periodic waves from the group of B-waves (% per min to 3
per min), C-waves (3 per min to 9 per min), respiratory
waves (10 per min to 20 per min), heartbeat induced waves
(20 per min to 240 per min).

[0151] Point 11: Device according to one or more of the
preceding points, wherein the modulating wave is one of the
periodic waves from the group of A-waves (<1 per 4 min),
B-waves (V5 per min to 3 per min), C waves (3 per minute
to 9 per minute), respiratory waves (10 per minute to 20 per
minute), which has a lower frequency than the modulated
wave.

[0152] Point 12: Device for determining a characteristic
parameter of the head content of humans and other mam-
mals characterized by obtaining and processing a signal
characteristic of the head characterized by a combination of
a first device according to one or more of the preceding
points and a second device according to one or more of the
preceding points, characterized in that the first device is
characterized by a certain combination of modulated and
modulating wave and that the second device is characterized
by a different combination of modulated and modulating
wave and that the characteristic parameter of the head
content is formed as the quotient of the output signal or the
output value of the first device and the output signal or the
output value of the second device.
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1. A device for determining a characteristic parameter of
the head content of humans and other mammals character-
ized by obtaining and processing of a signal characteristic of
the head content as an input, wherein the device is config-
ured to

a. calculate the pulse amplitude A, of each individual
period or half period of a modulated wave of the
characteristic signal and to generate a signal A, , or a
time series A, (3),

b. calculate the mean value MICP for each single period
or half period of the modulated wave of the character-
istic signal and generate a signal MICP or a time series
MICP (4),
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c. calculate the amplitude A, , of a modulating wave in the
time series MICP or in the signal MICP (5),

d. calculate the amplitude AA, , of the modulating wave in
the time series A, or in the signal A, , (6),

e. calculate the characteristic parameter as an output value
using at least cne or more of the quantities: A, , A,
AA .

2. Device according to claim 1, parameter is a dimen-

sionless parameter.

3. Device according to claim 1, characterized in that the

characteristic parameter is a quotient or comprises a quo-
tient.

vp?

4. Device according to claim 1, characterized in that the
characteristic parameter is a quotient comprising the quan-
tities A, and AA, .

5. Device according to claim 1, characterized in that the
characteristic parameter is a quotient comprising the quan-
tities HF and/or AF, where HF is the heart rate and AF is the
respiratory rate.

6. Device according to claim 1, characterized in that the
quotient (RAQ) is proportional to or equal to one of the
following expressions: A, /AA,,, A, J(AA, JAF), A,/
(AA *HF), A, /(AA, *(HF/AD)).

7. Device according to claim 1, characterized in that the

characteristic signal is the directly measured pressure in the
head.

8. Device according to claim 1, characterized in that the
characteristic signal is the electrical impedance of the skull,
which is obtained by electrodes externally attached to the
skull.

9. Device according to claim 1, characterized in that the
characteristic signal is the electrical capacitance of the skull,
which is obtained by electrodes externally attached to the
skull.

10. Device according to claim 1, characterized in that the
characteristic signal is the transit time of an ultrasonic signal
which is passed through the skull.

11. Device according to claim 1, characterized in that the
characteristic signal is the transit time of an ultrasonic signal
which is reflected from the interior of the skull.

12. Device according to claim 1, characterized in that the
device comprises one or more units that is/are configured to

a. calculate the pulse amplitude A, of each individual
period of the modulated wave of the characteristic
signal and to generate a signal A, , or a time series A,
®)

b. calculate the mean value MICP for each individual
period of the modulated wave of the characteristic
signal and generate a signal MICP or a time series
MICP (4),

c. calculate the amplitude A, , of a modulating wave in the
time series MICP or in the signal MICP (5),

d. calculate the amplitude AA, , of the modulating wave in
the time series A, , or in the signal A, , (6),

e. calculate the characteristic parameter as an output value
using at least one or more of the quantities: A, , A,
AA, .

13. Device according to claim 12, characterized in that the

respective unit is an analog computing circuit, a digital
arithmetic circuit or a program-controlled microprocessor

circuit.

vps
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14. Device according to claim 1, characterized in that the
modulated wave is one of the periodic waves from the group
of B-waves, C-waves, respiratory waves, heartbeat-induced
waves.

15. Device according to claim 1, characterized in that the
modulating wave is one of the periodic waves from the
group of A-waves, B-waves, C-waves, respiratory waves,
which has a lower frequency than the modulated wave.

16. Device for determining a characteristic parameter of
the head content of humans and other mammals character-
ized by the extraction and evaluation of a head content
characteristic signal, comprising a first device according to
claim 1 and a second device according to claim 1, wherein
the first device is characterized by a particular combination
of modulated and modulating wave, and wherein the second
device is characterized by another combination of modu-
lated and modulating wave, and wherein the characteristic
parameter of the head content is formed by the quotient of
the output value of the first device and the output value of
the second device.

17. Device according to claim 1, characterized in that the
device is configured to form the time seties A, , by using for
the time period from a local minimum to a subsequent local
maximum of the modulated wave of the characteristic signal
the difference between the local maximum and the local
minimum as the value for the time series A, ,, and by using
for the ensuing time period between the local maximum and
the subsequent local minimum of the modulated wave of the
characteristic signal the difference between the local maxi-
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mum and the subsequent local minimum as the value of the
time seties A, , and/or to form the time series MICP by
using for the time period between a local minimum and the
subsequent local maximum of the modulated wave of the
characteristic signal the average value between the local
maximum and the local minimum as the value for the time
series MICP, and by using for the subsequent time period
between the local maximum and the subsequent local mini-
mum of the modulated wave of the characteristic signal the
average value between the local maximum and the subse-
quent local minimum as the value of time series MICP.

18. A method for determining a characteristic parameter

of the head content of humans and other mammals using a
device according to claim 1, comprising the steps:

a. calculating the pulse amplitude A,, of each individual
period or half period of a modulated wave of the
characteristic signal and generating a signal A, , or a
time series A, (3),

b. calculating the average value MICP for each individual
period or half period of the modulated wave of the
characteristic signal and generating a signal MICP or a
time series MICP (4),

c. calculating the amplitude A, of a modulating wave in
the time series MICP or in the signal MICP (5),

d. calculating the amplitude AA, , of the modulating wave
in the time series A, or in the signal A, (6),

e. calculating the characteristic parameter using at least

one or more of the following variables: A, A,  AA, .
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