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The invention relates to a method for automatically evaluat-
ing an absence EEG, wherein EEG curves are recorded by an
evaluating device and are evaluated by means of a computer
of the evaluating device, wherein in the evaluation at least the
current stage of the absent state is determined from the EEG
curves by means of the computer on the basis of a stage
division of the absence EEG, wherein stages of the depth of
the absent state are distinguished in the stage division, and
wherein the current stage is output, wherein a certain scheme
of the stage division is selected by the computer from a
plurality of selectable schemes of stage divisions, which dif-
fer in the number of distinguishable stages of the absent state,
and is used for the automatic performance of the stage divi-
sion in order to determine the current stage. The invention
further relates to a computer program for performing such a
method and to an evaluating device for evaluating an absence
EEG.
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METHOD FOR AUTOMATICALLY
EVALUATING AN ABSENCE EEG,
COMPUTER PROGRAM AND EVALUATING
DEVICE THEREFOR

[0001] The invention relates to a method for automatically
evaluating an absence FEG in accordance with claim 1. The
invention furthermore relates to a computer program for car-
rying out such a method in accordance with claim and to an
evaluation device for evaluating an absence EEG in accor-
dance with claim 12.

[0002] In general, the invention relates to the field of the
automated evaluation of an absence EEG, as is already
described on the basis of WO 97/15013 A2, WO 2010/034305
Al or WO 2010/034270 Al. Here, EEG is the abbreviation of
the term electroencephalogram. Here, computational meth-
ods, e.g. statistical methods, are used to undertake a class
division of the EEG from EEG curves, i.e. from values of
EEG signals of a patient recorded successively in time, in
which the current depth of the absence state of the patient is
determined and a current stage of the absence state is estab-
lished and output on the basis of the class division. Here, an
absence state is understood to mean any state ofthe patient, in
which the latter is not responsive/contactable in a manner
appropriate for their age, or only responsive/contactable to a
restricted extent; this is the case if the patient is not in the
awake state.

[0003] Typical absence states are present, for example,
under anesthesia, for example during an operation, or in the
case of any other sedation of the patient. In this case, a patient
is anesthetized or sedated by the supply of anesthetics. In
general terms, anesthesia and sedation are states caused by
the administration of sleep-inducing medicaments. If inten-
sive care patients receive sleep-inducing medicaments, this is
generally referred to as sedation. However, the term sedation
is not restricted to intensive care patients. By way of example,
if patients obtain sleep-inducing medicaments at a low dose
during diagnostic interventions, this is also referred to as
sedation. To this end, sleep-inducing substances to be admin-
istered e.g. intravenously are given. Alternatively, volatile
anesthetics based on flurane, such as sevoflurane, can be used
during anesthesia and sedation. With increasing dose, these
can trigger seizure potentials, which can be identified and,
where necessary, masked in the recorded EEG curves in the
case of an appropriate evaluation, as already explained in the
aforementioned prior art.

[0004] Further typical absence states are present, for
example, in the case ofacoma or in many further states during
intensive care, i.e. in an intensive care unit (intensive care
EEG). Intensive care patients can have very different disor-
ders, which may influence the brain function. Typically, there
is progressive deceleration in the EEG with an increase in the
damping of the brain function. Depending on the degree of
the deceleration, itis possible to distinguish between different
stages, e.g. A to F. Decelerations to stage F can be caused by
e.g. metabolic decompensation, hypothermia, oxygen defi-
ciency.

[0005] In general, the term absence EEG or absence state
therefore comprises cases in which the brain function of a
patient is modified within the meaning of damping compared
to a noral state. In addition to the above-described scheme
of deceleration, special patterns, such as epilepsy-typical
activity, may occur in the EEG.

[0006] The detected EEG curves moreover are subject to
certain changes as a result of a progressive development of a
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person. Particularly striking changes can be observed in the
development of young people, i.e. of children, up to the
transition into the adult age. The EEG curves develop very
markedly particularly within the first year of life.

[0007] WO 97/15013 A2 has already disclosed that the
EEG of ahuman has age-dependent characteristics. What was
proposed therein to improve the stage division was to select
the age-specific classification functions for a subject from
different stored age-dependent classification functions. As a
result of this, it is possible to make the correct stage division
in a more reliable manner.

[0008] It is intended that the known method be improved
further in order to enable a reliable determination of the
current stage of the absence state, in particular in the case of
very young patients within their first years of life.

[0009] In accordance with claim 1, this object is achieved
by a method for automatically evaluating an absence EEG, in
which EEG curves are recorded by an evaluation device and
evaluated by means of a computer of the evaluation device,
wherein at least the current stage of the absence state of a
patient is determined during the evaluation from the EEG
curves by means of the computer on the basis of a stage
division of the absence EEG, wherein a distinction is made in
the stage division between stages of the depth of the absence
state, and wherein the current stage is output, wherein a
specific scheme of the stage division is selected by the com-
puter from a plurality of selectable schemes of stage divi-
sions, which differ in terms of the number of distinguishable
stages of the absence state, and it is used for automatically
carrying out the stage division for determining the current
stage. The invention is advantageous in that a development-
or age-adapted stage division of the absence EEG can be
carried out and appropriately adapted information can be
displayed to the user. These are determined with a high reli-
ability. Hence, in particular, a flexible adaptation to very
young patients can take place. As shown in very recent find-
ings, only a few absence EEG states are distinguishable in
newborns or very voung children. The number of distinguish-
able stages increases depending on the maturity of the brain.

[0010] By way of example, the evaluation device can be
embodied as a compact device which is arranged in the vicin-
ity ofa patient. The evaluation device can also be embodied as
a device consisting of a plurality of components, wherein the
components may also be arranged in a distributed manner,
e.g. in different rooms of a building. By way of example, the
evaluation device can thus have a data recording station for
recording the EEG curves and, arranged at a distance there-
from, a computer, e.g. a central computer in an intensive care
unit, for an online evaluation ofthe EEG curves or a computer
for an offline evaluation of the EEG curves.

[0011] In accordance with one advantageous development
of the invention, provision is made for checking, after the start
of the absence state, whether the EEG curves have certain
features, on the basis of which a decision can be made as to
which scheme of the stage division is used thereafter. The
selection of the specific scheme from a plurality of selectable
schemes of stage divisions can therefore take place once,
shortly after the start of the absence state. It is also possible to
continue to analyze the EEG curves during the absence state
in respect of features, on the basis of which the scheme of the
stage division is to be selected, and, in the subsequent opera-
tion, still change from a once selected scheme to another
selected scheme where necessary.
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[0012] Thecurrent stage of the absence state determined on
the basis of the selected scheme of the stage division is output
in the process, for example by virtue of being transferred to
another device by way of an interface of the evaluation device
or by virtue of being visually depicted directly on the evalu-
ation device, for example on a display. In accordance with an
advantageous development of the invention, information
about the currently selected scheme of the stage division is
additionally output, for example by way of an output to the
aforementioned interface or by way of the visual depiction on
the evaluation device. This allows the user of the evaluation
device to make a quick and intuitive assessment of the output
data.

[0013] Various methods and algorithms are possible for the
evaluation of the EEG curves by means of the computer and
for the stage division of the absence EEG, of which some are
explained below in an exemplary manner.

[0014] Electroencephalography is a method for displaying
electric activity generated by the brain. In a conventional
manner, the EEG is registered by means of a multichannel
writer on endless paper. Increasingly, recording is also under-
taken with the aid of computers.

[0015] The composition of the waveforms in the electroen-
cephalogram (EEG) is dependent on the functional state of
the brain. The EEG images which occur in patients in the field
of surgery and intensive care are multifaceted and can be
influenced by a large number of endogenous and exogenous
factors. In addition to the normal awake EEG, e.g. elements of
the sleep EEG, effects of medicaments and other exogenously
supplied chemical substances, ventilation-dependent and
metabolic influences, temperature effects, consequences of
traumatic brain lesions and inflammatory, vascular, degenera-
tive EEG changes and EEG changes caused by neoplasms are
to be expected.

[0016] The following frequency ranges are associated with
the waves occurring in the EEG: alpha (7.5-12.5 Hz), beta
(>12.5 Hz), theta (3.5-7.5 Hz) and delta (0.5-3.5 Hz). Addi-
tionally, it is possible to delimit the sub-delta (<0.5 Hz) and
the gamma band (>30 Hz). In the findings, the waves in
frequency ranges are described in view of their amplitudes,
frequency, regularity, temporal structure, spatial distribution
and change in the case of stimuli. EEG amplitudes are mea-
sured in uV. Higher frequency waves generally have smaller
amplitudes, while an increase in amplitude is usually con-
nected with deceleration.

[0017] Forthe purposes of classifying sleep, anesthesia and
coma EEG stages, Kugler proposes an EEG division, in
which the awake state is denoted by A and EEG images with
progressive damping of the brain function are denoted by the
letters B to F. For the purposes of assessing the EEG curves,
the frequency and amplitude of the waves in specific fre-
quency ranges and typical patterns are used.

[0018] Theawake EEG, stage A, is characterized by waves
in the alpha frequency range in the majority of adults. Stage B
is characterized by waves with a quick frequency and low
amplitude. Theta and delta waves occur in stages C and D. In
stage E, the curve image is determined by high-amplitude
delta activity. Stage F is characterized by a change between
flat to isoelectric curve intervals and groups of higher waves,
the burst suppression pattern, or by a continuous, very flat
activity.

[0019] The derivation of a conventional EEG is relatively
complicated. The interpretation requires specialist knowl-
edge and experience. A better assessment of the dynamically
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progressing EEG change is made possible by recording the
original signal and the EEG spectral analysis. For the pur-
poses of calculating an EEG power spectrum, the EEG sig-
nals, after analog-to-digital conversion, are subjectedto e.g. a
Fast Fourier Transform (FFT) for a defined time interval.
With the aid of the Fourier transform, the wave pattern of the
EEG is decomposed into underlying oscillation components;
there is a conversion from the time to the frequency domain.
The squared amplitudes of the oscillation components form
the power spectrum. The frequencies occurring in the time
signal can be read off in the EEG power spectrum. However,
these specifications also require interpretation in order to
obtain information about the EEG stage and, hence, about the
cerebral functional state.

[0020] The further processing of the results of the Fourier
transform comprises the extraction of so-called spectral
parameters and further statistical calculations. The param-
eters that can be derived from the spectrum include, for
example, the overall power and absolute and relative power in
different frequency bands. Further parameters that are often
used are the median, the spectral edge frequency and the
dominant frequency. The median is the frequency at which
the area of the spectrum is divided into two equal parts. The
spectral edge frequency is usually defined as 95% quantile,
i.e. 95% of the overall power of the spectrum lie below this
frequency. The dominant frequency is the frequency with the
highest power.

[0021] By way of the power spectrum, the frequency dis-
tribution of EEG sections can be displayed in a clear manner.
By contrast, specific patterns, such as burst suppression
phases or seizure potentials, generally cannot be deduced
from the spectrum.

[0022] The Fast Fourier Transform (FFT) is a method for
the quick calculation of the power spectrum.

[0023] A possibility for analyzing EEG signals in the time
domain lies in the establishment of autoregressive param-
eters. Autoregressive (AR) parameters are variables from the
time domain. A measured value at a specific time is repre-
sented as a weighted sum of the past values thereof plus a
random component. The weights are the AR parameters. The
general equation for an AR process is:

=g % *
Y=a*Y +. . +a,*Y,_ te,

[0024] Here,Y, denotes the measured value at the time t, a,,
=1, ...,pdenote the AR parameters and e, denotes indepen-
dent random components with a mean value of 0 and the
constant variance for all times t. The letter p denotes the order
of the process, i.e. the number of past values which are taken
into account. The model parameters can be estimated with the
aid of the Yule-Walker equation. The approach by Box and
Jenkins is usually used to establish the order of the model and
to test the model quality. An overview of further estimation
methods and model classes is provided by Kay and Marple.
[0025] A frequently employed method for characterizing
EEG measurements lies in the calculation of specific EEG
parameters, which have been proposed by Hjorth and named
after him. Here, this relates to three parameters, namely activ-
ity, mobility and complexity. The Hjorth parameters are cal-
culated from the spread of the EEG signal and the first and
second derivative thereof. Alternatively, the Hjorth param-
eters can also be calculated in the frequency domain, i.e. with
the aid of the spectral analysis.

[0026] The activity corresponds to the overall power of the
signal and is therefore a measure for the size of the amplitude



US 2016/0220136 Al

of the EEG measurement. The mobility can be interpreted as
a measure for the mean frequency and the complexity as a
measure for the variability of the signal.

[0027] In addition to pure spectral parameters or pure AR
parameters, the combined establishment of e.g. spectral
parameters, AR parameters, Hjorth parameters or else chaos
parameters and/or further parameters as well is possible.
[0028] By way of example, discriminant-analytic methods
or neuronal networks are suitable for classifying EEG data by
means of multivariate classification functions on the basis of
spectral parameters and/or AR parameters and/or Hjorth
parameters and/or chaos parameters and/or further param-
eters as well.

[0029] Discriminant-analytic classification methods are
suitable for assigning objects to one of a plurality of defined
groups on the basis of a sequence of features raised. In the
case of the absence EEG stage division, the EEG portions
form the objects to be classified, which are characterized by
spectral parameters and/or AR parameters and/or Hjorth
parameters and/or chaos parameters. For the purposes of cal-
culating suitable classification functions, there are a series of
methods, in which a distinction can be made between para-
metric and non-parametric approaches. Classification func-
tions based on the considered feature values can be derived by
means of a sample of objects for which the group belonging is
known.

[0030] Inparametric methods, the assumption is made that
the considered feature vector in the various groups follows a
multivariate normal distribution. The linear discriminant
analysis assumes the equality of the covariance matrices in
the individual groups; the quadratic discriminant analysis
allows different covariance matrices of the groups to be taken
into account. The Mahalanobis distance is used as a distance
metric; it constitutes the weighted distance of an observation
vector from the group mean values. Then, an object is
assigned to the group in which a function of the Mahalanobis
distance, which is dependent on the selected method, is the
smallest.

[0031] Ifthe distribution of the feature vector is unknown,
orif it does not have a normal distribution, it is possible to use
non-parametric methods for deriving classification rules. A
descriptive method is the k-nearest neighbor method. Here,
the distances are formed between the feature vector to be
classified and all other feature vectors of the available sample,
they are ordered according to size and the observation vectors
with the k smallest distances are determined, wherein the
number k of values taken into account needs to be set in
advance. Then, the groups to which these k values belong are
determined and the portion thereof of the overall number of
measurements in the individual groups is established. The
assignment is then carried out to the group in which this
portion is the largest.

[0032] Compared to parametric methods, this non-para-
metric method requires an increased computational outlay
since the entire original data record needs to be resorted to for
classifying an object, while the feature values of an object are
inserted into classification functions in the case of parametric
methods.

[0033] In order to assess the quality of a classification
method, use can be made of the associated error rate, wherein
the error rate is understood to mean the portion of incorrect
classifications. One option for estimating the error rate con-
sists of reclassifying the data. However, the error rate estab-
lished thus supplies an estimate of the true error rate that is too
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positive. A more realistic estimate of the error rate is given
when the classifications are tested on an independent data
record. This can be implemented by splitting the given data
record into a training data record for deriving the classifica-
tion prescription and a test data record for validating the
classification. An extreme form of splitting the data consists
of the so-called cross validation or the leave-one-out method.
In this case, one observation is removed from the data record
in each case and the classification is undertaken on the basis
of the discriminant function calculated from the remaining
data.

[0034] Ifalarge number of potential features for deriving
discriminant functions are available, itis possible to establish,
by way of suitable step-by-step methods, those parameters
which ensure a separation of the groups that is as large as
possible. To this end, anumber of methods are proposed in the
literature; by way of example, parameters are included step-
by-step in the evaluation, which parameters in each case
supply the largest contribution to the group separation on the
basis of Wilks’s lambda distribution.

[0035] Thestage division ofthe anesthesia or intensive care
EEG can be carried out in the style of Kugler, who, as men-
tioned in the introductory part, denotes the awake state with A
and the very deep damping of the brain function with F. The
intermediate stages B to E can be further subdivided in the
process, as shown in table 1 in WO 97/15013 A2. Instead of
using the class designations A to F, it is also possible, for
example, to use a scale with digits, e.g. 100 to 0.

[0036] A further improvement in the stage division is
obtained if the age-specific classification functions for a sub-
ject are selected from different stored age-dependent classi-
fication functions. It was found that the EEG of 2 human has
age-dependent characteristics. Expressed in a simplified
manner, e.g. the spectrum shifts to lower frequencies in the
awake state with increasing age for adults and e.g. the delta
power is reduced during anesthesia. It is possible to reliably
make the correct stage division by taking into account age-
specific classification functions.

[0037] Inaccordancewithanadvantageous development of
the invention, a specification about the age of the patient,
whose EEG curves are recorded, 1s entered into the evaluation
device. The automatic selection of the scheme of the stage
divisionis carried out by the computer taking into account the
entered age specification. This is advantageous in that the
manual entry of the age of the patient can restrict the range of
schemes of stage divisions to be selected probably coming
into question. However, it has been shown that uniquely set-
ting the scheme of stage divisions to be selected purely on the
basis of the age specification usually does not lead to satis-
factory results since humans and their brains develop differ-
ently depending on age, and it is therefore not possible to
define a specific age boundary at which e.g. the subdivision
into stages A to F, as is conventional in adults, can be under-
taken in the EEG curves. Examinations show that such a stage
division is possible from an age of approximately half a year
onward, but the age spread is relatively large. Therefore, it is
advantageous in the case of very young children to have a less
differentiated stage division underlying this.

[0038] Inaccordancewithanadvantageous development of
the invention, the automatic selection of the scheme of the
stage division is carried out by the computer taking into
account the recorded EEG curves and/or data derived there-
from. This is advantageous in that a reliable selection of a
fitting scheme of the stage division can be carried out auto-
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matically, namely on the basis of the curves recorded in any
case, such that the use of the evaluation device is further
simplified. By way of example, the recorded EEG curves can
be taken into account to the extent that the EEG curves are
examined in respect of specific characteristic curve patterns
or specific statistical data, which can be established from the
curves and which are characteristic for specific development
phases of EEGs. Thus, the scheme of the stage division can be
selected e.g. on the basis of amplitude data, frequency data
and/or mean values or time profiles of amplitudes and/or
frequencies of the EEG curves.

[0039] Inaccordance withanadvantageous development of
the invention, a scheme with a smaller number of distinguish-
able stages of the absence state is selected in the case where a
specific minimum portion of low-frequency signal compo-
nents is identified and a specific minimum portion of high-
frequency signal components is not identified in the EEG
curves than in the case where a minimum portion of high-
frequency signal components is identified, which may be
combined with a specific minimum portion of low-frequency
signal components. In this case, it is possible, for example in
the case of patients who are children and who exhibit a pre-
dominantly slow wave pattern with correspondingly low-
frequency signal components in the EEG, to select a fitting
scheme of the stage division with fewer distinguishable
stages. In the case of older patients, who are characterized by
more high-frequency signal components inthe EEG curves, it
is possible to select schemes with adapted, more finely dif-
ferentiated stage divisions.

[0040] Delta waves may occur as low-frequency signal
components under the influence of anesthetics/sedatives. If a
minimum portion of higher frequency waves is superposed on
these low-frequency waves—expressing the effect of anes-
thetics—, it is possible to make the decision that this is a
differentiated EEG. Accordingly, it is then possible to selecta
scheme with a larger number of distinguishable stages of the
absence state. If the EEG only consists of low-frequency
waves, then a scheme with a lower number of distinguishable
stages should be selected.

[0041] TIfhigher frequency activity with a low or nonexist-
ent portion of low-frequency signal components, as is typical,
for example, in stages B and C in the case of older children or
adults, occurs during the course of a measurement in the case
of young children, then a scheme with a relatively large
number of distinguishable stages of the absence state is
selected.

[0042] Inaccordance withanadvantageous development of
the invention, a scheme with a relatively large number of
distinguishable stages of the absence state can be selected if a
certain portion of high-frequency signal components in the
EEG curves is identified. However, in the case where “non-
identification of a minimum portion of low-frequency signal
components” applies and “identification of a specific portion
of high-frequency signal components” does not apply, a
scheme with a relatively large number of distinguishable
stages of the absence state should not be selected, since this
could be a virtually completely or completely suppressed
EEG (“stage F”” with zero lines).

[0043] In accordance with one advantageous development
of the invention, the computer initially assumes a first scheme
with a specific number of distinguishable stages of the
absence state and, at an assessment time at which a sufficient
amount of EEG data is available, it selects a second scheme of
the stage division, which has a smaller or greater number of
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distinguishable stages of the absence state than the first
scheme, if specific characteristics are identified in the EEG
curves. Thus, for example, the second scheme of the stage
division can be selected if a minimum portion of low-fre-
quency signal components is identified in the EEG curves. If
the selection condition, i.e. the identification of specific char-
acteristics, does not occur, the computer can continue, for
example, to apply the first scheme or select the first scheme as
scheme to be used for automatically carrying out the stage
division. Thus, by way of example, the scheme of a stage
division for adults can be used as a first scheme, e.g. with the
stage division A to F or with the finer division with the stages
Ay, AL A, By, B, B, Cp, Cy, Cy, Dy, Dy, Dy, E and F, as
described in table 1 of WO 97/15013 A2. By way of example,
the second scheme of the stage division can have a division
into stages A, E and F. The aforementioned assignment of the
stage divisions to the first and the second scheme can also be
carried out the other way around.

[0044] For the purposes of setting the first scheme, which
the computer initially assumes, use can also be made of the
entered age specification of the patient. The assumption can
be madein the case of very young children, in particular in the
case of neonates and premature babies, that a stage division
with a reduced number of stages is initially usable. This
appears to be the case for all children in the first 2 to 3 months
of life, as current EEG analyses by the applicant show. In the
case of a corresponding age entry, the evaluation device does
not assume the standard division A, B, ..., F or 100 to 0, but
rather a scheme with a reduced stage division. In the case of
older children, the evaluation device can initially assume a
scheme with a relatively large number of distinguishable
stages and then, where necessary, transition to a scheme with
a smaller number of distinguishable stages during the mea-
surement.

[0045] Inaccordance withan advantageous development of
the invention, at least frequency components in the delta band
are judged to be low-frequency signal components of the
EEG curves. Additionally, frequency components with fre-
quencies below the delta band can also be judged to be low-
frequency signal components. In a development of the inven-
tion, frequency components with frequencies above the delta
band can be judged to be high-frequency signal components.

[0046] The EEG curves in relation to so-called suppression
intervals in burst suppression patterns or in the suppression
EEG can be evaluated as a further criterion for the automatic
selection of a scheme of the stage division. Here, a burst is
understood to mean a sequence of signal waves in an EEG
curve. Suppression intervals in EEG curves are curve portions
in which no bursts occur and the signal has a flat course
compared to the signal waves of aburst. The portions between
adjacent bursts are referred to as suppression intervals. In
accordance with an advantageous development of the inven-
tion, an identification of burst suppression patterns can be
carried out when evaluating the EEG curves and a scheme of
the stage division which, compared to an otherwise selected
scheme of'the stage division, has a reduced number of distin-
guishable stages in the absence state can be selected if pre-
determined characteristics of burst suppression patterns
occur in the EEG curves. By way of example, the length of
suppression intervals or the burst suppression ratio (BSR) can
be used as characteristics of burst suppression patterns. The
burst suppression ratio specifies the percentage of an EEG
curve portion that consists of suppression intervals. Further-
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more, it is possible to use the inter-burst interval (IBI), which
is a measure for the distance between bursts, as a charactet-
istic.

[0047] In accordance with one advantageous development
of the invention, in addition to a standard scheme of the stage
division, a further scheme or, depending on the development
phase of the patient, a plurality of further schemes of the stage
division are selectable by the computer, in particular stage
divisions with a smaller number of distinguishable stages of
the absence state than the standard scheme. This permits a
stage division which is adapted particularly well to the devel-
opment phase of the EEG.

[0048] In particular, recording EEG data up to the assess-
ment point after the commencement of the absence state is
advantageous. As a result of this, possible falsifications as a
result of EEG data still recorded in the awake state are
avoided when selecting an applicable scheme of the stage
division. Examinations show that it is practically impossible
to evaluate a development-related stage division of an
absence EEG on the basis of the awake EEG.

[0049] Inaccordance withan advantageous development of
the invention, a specification about the development phase of
the EEG is determined on the basis of the selected scheme of
the stage division. This specification about the development
phase of the EEG can be used further internally in the evalu-
ation device in order, in a manner dependent thereon, to
influence certain further evaluations or classification func-
tions of the analysis of the EEG signals. The specification
about the development phase of the EEG can also be output,
for example to another device by way of an interface of the
evaluation device, or it can be depicted visually, e.g. on a
display of the evaluation device.

[0050] Inaccordance withanadvantageous development of
the invention, the EEG curves are analyzed in respect of curve
patterns generated by further biosignals and, if at least one
such curve pattern is identified, a check is carried out as to
whether a different scheme for the stage division than in the
case of a non-identification of such curve patterns is to be
selected. In this manner, it is possible, for example, to detect
signal interference from the outside, artifacts, in particular
movement artifacts and potentials typical for epilepsy and it is
possible to take these into account, both for the selection of
the scheme of the stage division and for the actual stage
classification, i.e. the classification function.

[0051] Inaccordancewithanadvantageous development of
the invention, movement artifacts in the recorded EEG curves
are established by means of artifact sensors, which may be
connected to the evaluation device, and the EEG curves are
corrected and/or the stage division is corrected and/or sup-
pressed and/or a different scheme of the stage division is
selected on the basis of the established movement artifacts.
By way of example, such artifact sensors can be embodied as
deformation sensors of EEG electrodes. Such deformation
sensors may comprise capacitors, which are changeable by
deformation and the capacitance change of which correlates
with the deformation of the EEG electrodes.

[0052] For the purposes of determining the current stage of
the absence state and/or for the purposes of selecting the
scheme of the stage division to be used, it is possible either to
use the EEG curves directly or to use data derived therefrom.
Thus, by way of example, frequency components can be
determined by a Fourier analysis or a similar analysis. Ampli-
tude values can be evaluated statistically. Itis also possible to
determine an amplitude-integrated EEG. The amplitude-in-
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tegrated EEG is a time-compressed representation of ampli-
tudes of an EEG portion. When calculating the amplitude-
integrated EEG, the EEG signal can e.g. be filtered strongly,
rectified and smoothed.

[0053] In accordance with claim 11, the object set forth at
the outset is furthermore achieved by a computer program
with program code means, configured to carry out a method
of the type described above if the computer program is
executed on a computer. In particular, the computer program
can be executed on a computer of the evaluation device
explained above. In this case, the computer program can be
stored on a machine-readable medium, e.g. ona CD or DVD,
amemory stick, on an Internet server or on a storage medium
of the evaluation device.

[0054] In accordance with claim 12, the object set forth at
the outset is furthermore achieved by an evaluation device for
evaluating an absence EEG, wherein the evaluation device
has at least one computer, EEG signal detection means and
output means, wherein the evaluation device is configured to
carry out a method of the type described above. Thus, by way
of example, the evaluation device can be configured to carry
out the method by virtue of the computer executing a com-
puter program of the type described above. By way of
example, the output means can be an interface of the evalua-
tion device or a means for visual representation, e.g. adisplay.
[0055] Using drawings, the invention is explained in more
detail below on the basis of exemplary embodiments.

[0056] In detail:

[0057] FIG. 1 shows an evaluation device when recording
an EEG and

[0058] FIG. 2 shows anillustration of EEG curves recorded

by the evaluation device and data derived therefrom and
[0059] FIG. 3 shows an illustration of the procedure when
evaluating an absence EEG in the evaluation device.

[0060] In the figures, the same reference signs are used for
elements that correspond to one another.

[0061] FIG. 1 shows an evaluation device 1 for evaluating
an absence EEG. The evaluation device 1 has a computer 2,
which may e.g. be embodied as a microprocessor or micro-
controller, arranged in the evaluation device, for example on
a central printed circuit board. The evaluation device 1 fur-
thermore has a display means 3, for example a display. On the
display means 3, curve profiles can be depicted graphically or
other data registered and determined therefrom can be repro-
duced. Furthermore, the evaluation device 1 has an electrical
connector 4 which serves to connect EEG electrodes 7, for
example by means of plug-in connectors.

[0062] FIG. 1 illustrates how a plurality of EEG electrodes
7 are arranged on the head of a patient. The EEG electrodes 7
are connected to the electrical connector 4 of the evaluation
device 1 by way of cables 6, which are combined to form a
common cable harness 5 in the vicinity of the evaluation
device. The common cable harness 5 can be used as one or
more artifact sensors for identifying movement artifacts, for
example by evaluating the capacitance values present
between the cables. To this end, detection means for detecting
capacitances between the lines 6 of the cable harness 5 are
provided in the evaluation device 1.

[0063] Inan exemplary manner, FIG. 2 shows typical data
output on the display means 3 of the evaluation device 1. By
way of example, one or more EEG curves 10, as recorded by
the EEG sensors 7, can be depicted in an upper window as
curve profile over time. The current stage of the absence state,
as established by the computer 2 by evaluating the EEG
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curves, can be displayed in a display region 11. Additionally,
the anesthesia or sedation depth can be output as a dimen-
sionless number in the range from O to 100 in a display region
12.

[0064] The time profile of the established stages, as
depicted in region 11, can be specified as a curve profile 14 in
a time diagram display bottom right. In the region 13, the
distinguishable stages A to F of the selected scheme of the
stage division are reproduced on the vertical axis of the dia-
gram. The specification A to F indicates the stage division in
the case of an adult patient. In the case of a less-developed
EEG, for example in the case of a very young child, a different
output, e.g. only the letters A, E and F, can then occur in the
region 13 dueto a different scheme of the stage division being
selected by the computer. It is also possible to use, for
example, a scale with digits, e.g. 100 to 0, instead of the class
designations A to F.

[0065] The following table shows an exemplary assign-
ment between the stages with the class designations A to F
and a scale with digits (index values).

Stage Index Dominating EEG characteristics

A 100-95 Alpha waves

By 94-90 Beta waves, theta waves

B, 29-85

B, 84-80

Co 79-75 Increasing amount of theta waves

C, 74-70

C, 69-65

D, 64-57 Increasing amount of delta waves

D, 56-47

D, 46-37

Eo 36-27 Continuous, high delta waves

E, 26-20

E, 19-13 Transition to the burst suppression

pattern

Fo 12-3 Burst suppression pattern

T, 4-0 Continuous EEG suppression
[0066] As already mentioned previously, a stage division

with a few stages (in this case e.g. A, E, F) should be used in
the case of children with an immature EEG. Either the index
values 100-0 could be adapted to the reduced stage division
(the entire index range 100-0 would be used) or only part of
the index range 100-0 could be used, e.g. use would only be
made of the range 100-95 and the range 36-0.

[0067] FIG. 3 shows the procedure when automatically
evaluating the EEG curves by the computer 2. Blocks 20, 21,
22, 23, 24, 25, reproduced in FIG. 3, in this case specify
specific evaluation functions or algorithms, which are
executed on the computer 2. Thus, blocks 20, 21, 22, 23, 24,
25 can be embodied, for example, as program sections, pro-
gram modules or subprograms of a computer program
executed by the computer 2.

[0068] The EEG curves are read in block 20. In a subse-
quent block 21, there is a signal analysis of the EEG curves,
for example by Fourier transform, determining a power spec-
trum and/or an amplitude-integrated EEG. In a subsequent
block 22, a scheme of the stage division to be applied is
selected from a plurality of selectable schemes 26 on the basis
of one or more of the criteria still explained below. Three
selectable schemes are depicted by the three blocks 26 in an
exemplary manner, of which the computer 2 selects one in
block 22.
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[0069] Inasubsequentblock 23, a classification function is
selected for the classification of the EEG curves to be subse-
quently carried out and for establishing the current stage on
the basis of a stage division of the absence EEG. What is
illustrated in an exemplary manner is that the computer can
select one of three selectable classification functions 27 in
block 23. Then, in a subsequent block 24, the EEG curves or
data determined therefrom are evaluated on the basis of the
selected classification function in such a way that a stage
division of the absence EEG is carried out using the scheme of
the stage division selected in block 22. The established cur-
rent stage of the absence state is then output in a subsequent
block 25, optionally in addition to further data.

[0070] Inblock 22, the selection of the scheme of the stage
division to be used from the available schemes 26 can be
carried out on the basis of an age, entered in advance, of the
patient whose EEG curves are taken, on the basis of the
recorded EEG curves and/or data derived therefrom itself
and/or on the basis of previously selected schemes of stage
divisions, as is already explained more closely in detail above.
In particular, use to this end can be made of EEG curves after
the commencement of the absence state. In this manner, there
canbe a stage division adapted to the development of the EEG
or the development of the patient and their age. Analogously
thereto, there can be a correspondingly adapted selection ofa
classification function from the available classification func-
tions 27 inblock 23. The criteria during the selection in block
23 can be one or more of the aforementioned criteria.
[0071] Accordingly, there is a stage division of the absence
EEG in block 24 which is adapted in two ways to the age and
development phase of the patient. The stage division in view
of the further evaluation of the EEG curves is optimized by
the selection of the suitable classification functions in block
23. The data derived therefrom is in this case not always
classified with one and the same scheme of the stage division,
as in the case of known evaluation devices, but rather it is
classified variably on the basis of the scheme of the stage
division selected in block 22, which is optimized for the
respective age and development phase of the patient. Thus, by
way of example, an “adult algorithm” is selected for the
classification function in the case of an adult patient. The
results established in the process are then classified into one
of six stages A to F on the basis of the selected scheme of the
stage division. In the case of a very young child, a “child
algorithm” would be used as classification function. A less
fine scheme with e.g. only three distinguishable stages would
be used for the stage division.

1. A method for automatically evaluating an absence elec-
troencephalogram (EEG) from EEG curves which are
recorded by an evaluation device, comprising:

determining by a computer of, associated with, or in com-
munication with the evaluation device, at least a current
stage of an absence state of a patient from the EEG
curves on the basis of a stage division of the absence
EEG,
wherein a distinction is made in the stage division
between stages of a depth of the absence state, and
wherein a current stage is output,

wherein a specific scheme of the stage division is
selected by the computer from a plurality of selectable
schemes of stage divisions which differ in terms of a
number of distinguishable stages of the absence state,
and
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wherein the specific scheme of the stage division is used
for automatically carrying out the stage division for
determining the current stage.

2. The method as claimed in claim 1, wherein the deter-
mining steps utilizes a specification about an age of the
patient whose EEG curves are recorded entered into the
evaluation device, and

wherein the automatic selection of the scheme of the stage
division is carried out by the computer taking into account the
entered age specification.

3. The method as claimed in claim 1 wherein the automatic
selection of the scheme of the stage division is carried out by
the computer taking into account the recorded EEG curves
and/or data derived therefrom.

4. The method as claimed in claim 1, wherein a scheme
with a smaller number of distinguishable stages of the
absence state is selected by the computer in the determining
step in the case where a specific minimum portion of low-
frequency signal components is identified and a specific mini-
mum portion of high-frequency signal components is not
identified in the EEG curves than in the case where a specific
minimum portion of high-frequency signal components is
identified.

5. The method as claimed in claim 1 wherein the computer
initially assumes a first scheme with a specific number of
distinguishable stages of the absence state and, wherein at an
assessment time at which a sufficient amount of EEG data is
available, the computer selects a second scheme of the stage
division, which has a smaller or greater number of distin-
guishable stages of the absence state than the first scheme, if
specific characteristics are identified in the EEG curves.

6. The method as claimed in claim 1 wherein at least
frequency components in a delta band are judged to be low-
frequency signal components of the EEG curves.
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7. The method as claimed in claim 1 further comprising one
or more further schemes of the stage division which are
selectable by the computer depending on the development
phase of the patient.

8. The method as claimed in claim 1 wherein a specification
about the development phase of the EEG is determined on the
basis of the selected scheme of the stage division.

9. The method as claimed in claim 1 further comprising
analyzing the EEG curves analyzed in respect to curve pat-
terns generated by further biosignals.

10. The method as claimed in claim 1 further comprising
correcting for movement artifacts in the recorded EEG curves
established by artifact sensors by correcting the EEG curves
and/or correcting or suppressing the stage division and/or
selecting a different scheme of the stage division based on the
established movement artifacts.

11. A computer program stored on a non-transient
machine-readable medium, configured to carry out a method
as recited in claim 1 using a computer of, associated with or in
communication with an evaluation device for automatically
evaluating an absence EEG.

12. An evaluation device for evaluating an absence EEG,
comprising:

at least one computer;

an BEG signal detection means; and

output means,

wherein the evaluation device is configured to perform the

method of claim 1.

13. The method of claim 7 wherein the one or more further
schemes include stage divisions with a smaller number of
distinguishable stages of the absence state than the specific
scheme.

14. The method of claim 9 further comprising performing
a check if at least one curve pattern is identified to determine
whether a different scheme for the stage division is to be
selected.
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