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Description

[0001] The present invention relates to a method and system for determining a parameter which is indicative for
whether a patient is delirious or not or is at risk of becoming delirious or not.

[0002] Delirium is an acute disturbance of consciousness and cognition that usually fluctuates over time. Itis acommon
disorder, with reported incidences of more than 60% during Intensive Care Unit (ICU) stay and over 15% on a geriatric
ward or medium care unit. Delirium is associated with higher mortality, longer hospital stay, long-term cognitive impairment
and increased costs. There are three different subtypes of delirium based on psychomotor behavior: hypoactive, hyper-
active and mixed-type delirium.

[0003] Despite its frequency and impact, recognition of delirium by health care professionals is poor. Exceptions are
hyperactive forms of delirium, but these are relatively rare. Furthermore, delayed treatment of delirium in ICU patients
was found to increase mortality. In order to improve early diagnosis and treatment, the Society of Critical Care Medicine
and the American Psychiatric Association recommend daily monitoring of delirium in ICU patients. Various delirium
assessment tools have been developed. Of these, the Confusion Assessment Method for the ICU (CAM-ICU) had highest
sensitivity in ICU patients. However, the sensitivity of the CAM-ICU in routine, daily practice appeared to be low (overall
47%), particularly to detect the hypoactive type of delirium (sensitivity 31%) and delirium in postoperative patients.
Unfortunately, the CAM-ICU has more limitations. Firstly, it cannot quantify the severity of delirium and secondly, cognitive
screening does not fit well in the culture of the ICU that is primarily orientated on monitoring of physiological alterations.
These factors hinder early treatment and may therefore impair outcome. Moreover, research on delirium in the ICU is
hampered by the lack of a sensitive tool for monitoring.

[0004] Prior art document US 5,230,346 discloses methods and systems for diagnosing brain conditions including
delirium in a human using analysis of EEG signals.

[0005] It is therefore a goal of the present invention, which is defined in independent claims 1 and 9 and their corre-
sponding dependent claims 2 - 8 and 10 - 16, amongst other goals, to provide a reliable and efficient method for the
determination of a parameter which is indicative for whether a patient is delirious or not.

[0006] The invention is based on the recognition that also a reliable parameter which can assist a physician in estab-
lishing whether a patient is delirious or not can be determined using the recordings of a minimal number of electrodes,
for instance 2, 3, 4 or 5 electrodes. Applying all electrodes according to (extended) 10-20 EEG system is not necessary
according to the invention.

[0007] The EEG data contains recording signals of the at least two electrodes which were located on different locations
on the scalp of the patient during recording. The at least two recording signals are representative of brain activity as
measured at these locations. The signals represent the change over time of the measured voltages, typically in the
range of 10 wV - 100 .V, during the predetermined time period.

[0008] Contrary to the general assumption that frontal electrode locations are less suitable for establishing an indicative
parameter, due to the negative influence of eye movements, particular good results were obtained when at least one
the signals was recorded on the front half of the scalp.

[0009] More specifically, according to a preferred embodiment, at least one of the signals is recorded from the frontal,
central or temporal region as defined by the extended 10-20 EEG system (Modified Combinatorial Nomenclature). Even
more specifically, a signal is preferably recorded at or near at least one of the locations indicated with pr, F.. AF,, FC,,
C, or T,, x representing each of the available locations. Most preferred in terms of efficiency of placement and reliable
results are however the frontal (F,) locations.

[0010] In particular good results are obtained if, according to a further preferred embodiment, the EEG data also
comprises recording signals recorded from the parietal or occipital region on the patient’s scalp as defined by the extended
10-20 EEG system (Modified Combinatorial Nomenclature). According to this embodiment, at least one electrode is
located on the front half of the scalp and at least one electrode is located on a parietal or occipital location. Specifically,
a signal is preferably also recorded at or near at least one of the locations indicated with TP,, CP,, P,, PO, or O,, x
representing each of the available locations.

[0011] More preferably, the EEG data comprises recording signals recorded from a location indicated with Fg, sz or
Fp- and recording signals recorded from a location indicated with Pz, P3, O4 or O,. According to a specific embodiment,
as will be explained in more detail below, signals are recorded from only these two locations.

[0012] The signals obtained from these locations seem to provide a good basis for the determination of the parameter
which can be efficiently used by a physician to establish whether the patient is delirious or not. In particular by calculating
the relative delta power as parameter for these locations, as will be explained in greater detail below, a reliable parameter
can be determined.

[0013] It should be noted that the invention is not limited to the exact locations as specified above. Some deviation
from the locations is allowed, such that for instance also the positions on the scalp near, surrounding and between the
mentioned locations are within the scope. A location is considered near a location specified according to the 10/20
system when such a location is between the specified location and an adjacent location as specified according to the
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10/20 system. In fact, it is particularly advantageously that the exact placement of the electrodes according to the
invention is less critical. Therefore, according to a further preferred embodiment, the EEG data comprises recording
signals recorded from a location in the neighbourhood of the locations indicated with Fg, F ;5 or F,, and recording signals
recorded from a location in the neighbourhood of the locations indicated with Pz, P35, O, or O,. A less critical placement
of the electrodes increases the efficiency and usability of applying the electrodes to the patient.

[0014] The predetermined time period is preferably chosen such that a signal can be obtained which is representative
of the brain activity while at rest. According to a preferred embodiment, the predetermined time period is in the range of
10 seconds - 45 minutes, preferably approximately 1 minute.

[0015] The method, for instance during the step of processing, further preferably comprises selecting artifact free
sections having a length of the predetermined time period from the EEG data. These signal sections are then used for
obtaining the deviation signal. Artifacts, for instance caused by eye or head movement or blinking, are disturbances in
the recorded EEG signal which influence the determination of the parameter. It is thus preferred that the EEG data, or
at least the signals used as input for the processing step, contains signals being free from artifacts during the predeter-
mined time period. The processing step then preferably comprises obtaining a deviation signal from the two artifact free
recording signals. It may be preferable to obtain EEG data having a length of a longer predetermined time period to be
able to select a length of artifact free signals having a length of the predetermined time period from this longer prede-
termined period.

[0016] Inthe processing step, the difference between the two signals is preferably calculated, forinstance by subtracting
the first signal from the second signal. By using a deviation of two recordings of brain waves, a reliable parameter can
be determined. This deviation signal therefore represents the difference in measurements, in particular in terms of
voltages, as measured between the two electrodes during the predetermined time period. Preferably the step of process-
ing comprises obtaining at least one bipolar deviation from said two electrodes as the signal being representative of the
difference between the measurements of the electrodes. It is remarked that although only a limited number, for instance
two, of recordings from electrodes are used according to the invention, it may be possible that for instance an additional
electrode is used as a ground electrode for obtaining the signals of the two other electrodes.

[0017] The thus obtained deviation signal which preferably corresponds to the difference in measurement signals of
the two electrodes is then analyzed to determine the parameter which is indicative whether the patient is delirious or
not. According to a specific embodiment, the invention relates to a non-diagnostic method for determining a parameter
which is indicative whether a patient is delirious or not which can be used by a physician or other user to diagnose
whether the patient is delirious or not or is at risk of becoming delirious, also taking into account other parameters and
observations.

[0018] The invention is in particular directed towards determining a parameter which is indicative whether an awake,
i.e. not sleeping and non-comatose, and non-sedated patient is delirious or not or is at risk of becoming delirious. The
EEG data thereto preferably contains signals recorded while the patient was awake and non sedated. An even more
reliable parameter can be determined when the EEG data contains signals recorded from the patient with eyes closed.
[0019] The parameter can not only be used as an indication for the physician whether the patient is delirious or not at
the moment of recording, but is also usable in indicating whether a patient is at risk of becoming delirious. Itis for instance
possible to determine the parameter according to the invention at different moments to indicate a trend. It may for instance
be possible that the parameter at a given moment is not yet indicative of a delirium, but that a trend is visible towards a
value of the parameter which is indicative of a delirium.

[0020] As said, the slowing of this deviation signal appears to be a good indication whether the patient is delirious or
not. With the term slowing of the signal is meant a decrease in overall or relative frequency or a decrease or increase
in a specific frequency band. The manner of calculating the degree of slowing and the locations of the electrodes from
which the recording signals in EEG data are obtained, are chosen such that this parameter is indeed indicative for
whether the patient is delirious or not.

[0021] In general terms, it is possible to establish a parameter as the relative power of a narrow frequency band, for
instance in the order of magnitude having a width of 2 - 15 Hz, with respect to a broader frequency band, for instance
0.5 - 30 Hz. An increase in relative power of a frequency band in the lower range of the broader range is then indicative
for slowing of the EEG. On the other hand, also a decrease in relative power of a narrower frequency band in the higher
range, i.e. having higher frequencies, is indicative of slowing of the EEG and can therefore be used as a parameter
according to the invention.

[0022] More specifically, according to a preferred embodiment, the step of analyzing comprises calculating the degree
of slowing as the relative power of the deviation signal in at least one of the delta band (up to 4 Hz), the theta band (4
- 8 Hz), the alpha band (8 - 13 Hz) and the beta band (13 - 30 Hz) or a combination thereof. The relative power of a
particular band is defined as the ratio between the power of the signal in said frequency band divided by the total power
of each of the brain waves, preferably after filtering as will be explained in more detail below.

[0023] Itshould be noted that the invention is not limited to the exact ranges as indicated above, such that the deviations
with respect to the upper and lower limits are within the scope.
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[0024] A power spectrum of the deviation signal obtained from the step of processing is hereto calculated, for instance
by a Fourier Transformation as known in the art. As an example, the power spectrum of the deviation signal is calculated
using a Welch’s averaged modified periodogram method of spectral estimation,

- using 8/(sample frequency) as segment length;-

- using segments with 50% overlap;

- wherein any remaining entries that cannot be included in the segments of equal lengths are discarded;
- wherein each segment is windowed with a Hamming window that is the same length as the segment.

[0025] The power in the frequency band of each of the brainwaves, preferably 0.5 - 30 Hz after filtering as will be
explained below, is summed as the absolute total power and the power in the relevant frequency band, for instance 0.5
- 4 Hz for the relative delta power, is then summed as the absolute power. The relative power is then defined by dividing
the absolute power by the absolute total power. This relative power can then be used, provided that the locations of
electrodes are suitable, as the parameter which is indicative whether a patient is delirious or not or is at risk of becoming
delirious.

[0026] Using the relative power of the deviation signal in the delta band, the alpha band or the beta band as the
parameter is preferred in view of the predicting capabilities. In particular reliable parameters were however obtained if
the parameter is defined as the relative power of the deviation signal in the delta band (up to 4 Hz). Tests have concluded
that the relative power in the delta band as the parameter allow a physician or another user to reliably predict whether
the patient is delirious or not.

[0027] Another reliable determination is achieved if the parameter is defined as a ratio between the relative power of
a lower frequency band, for instance in the delta or theta band, and the relative power of a higher frequency band, for
instance in the alpha or beta band. More preferably the parameter is defined as the slow-fast ratio which is defined as:
(relative delta power + relative theta power) / (relative alpha power + relative beta power).

[0028] When, according to a different embodiment, the parameter is defined as the peak frequency, also reliable
results have been obtained. The peak frequency is defined by the frequency with the maximal power in the frequency
spectrum. A decrease of this peak frequency may be interpreted by a physician or other user that the patient is suffering
from a delirium.

[0029] Itis possible that the method simply returns the calculated parameter, for instance by displaying the resulting
parameter on a screen, or by outputting a signal representative of the said parameter using a suitable output, forinstance
in the form of a connector.

[0030] Itis however also possible that this parameter is compared to a predetermined threshold to provide the physician
with extra information. If the calculated parameter meets the criterion, this can be interpreted by the physician as slowing
of the relevant signal such that the patient may be delirious. Thresholds are dependent on the locations of the electrodes
and the intended use in terms of specificity and sensitivity. As an example, the thresholds for the different parameters
on for electrodes C4-O1 were found to be as listed in table 1:

Table 1
Par P-value AUC | Sens (%) | Spec (%) | Thres Crit
Delta 2.48E-09 | 0.94 92 92 0.3753 | >
Alpha | 5.06E-09 | 0.93 | 85 88 0.1435 | <
S/F 5.65E-08 | 0.91 92 81 29172 | >
Peak 2.98E-06 | 0.86 | 81 1 6.3750 | <
Beta 3.32E-05 | 0.82 84 76 0.0714 | <
Theta | 0.92 0.51 56 54 0.3444 | <
[0031] With:
Par Parameter: Delta: relative delta power
Alpha: relative delta power
S/F: slow-fast ratio
Peak: peak frequency
Beta: relative beta power
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(continued)

Theta: relative theta power
AUC Area Under Curve of the receiver operating characteristic (ROC)
Sens Sensitivity
Spec Specificity
Thres  Threshold
Crit Criterion: indication of delirium if test value is greater (>) or smaller (<) than threshold

[0032] According to further preferred embodiment, the step of processing comprises filtering said EEG data for filtering
out data having a frequency below a predetermined lower threshold and data having a frequency above a predetermined
higher threshold, wherein the lower threshold is chosen between 0,1 Hz to 1 Hz, preferably 0,5 Hz, and wherein the
higher threshold is chosen between 10 to 70 Hz, preferably 30 Hz. Preferably, the step comprises using a band pass
FIR filter with cut-off frequencies of 0.5 and 30 Hz.

[0033] A particular advantage of the method of the invention is that only the recordings of limited number of electrodes,
or even a single pair of electrodes, can be used to determine the parameter. According to a preferred embodiment, the
parameter is based exclusively on the recordings of the limited number of electrodes, most preferably only two electrodes.
It is therefore no longer necessary to include the recordings of all of the electrodes as prescribed by for instance the
10/20 system, see figures 1 and 2. The EEG data therefore preferably contains recording signals of two electrodes only,
which allows efficient processing due to a decrease in recordings compared to EEG recordings as known in the art.
[0034] More preferably, the EEG data is recorded only from the limited number of electrodes, for instance 2, 3, 4 or
5 and most preferably only 2. An extra, for instance third, electrode may however optionally be used a ground electrode
during recording for establishing the signals being representative of the brain activity as measured at the two electrodes.
Being able to determine a parameter which is indicative whether a patient is delirious or not using only this limited number
of electrodes makes the method in particularly suitable for a routine clinical setting, for example the ICU. Although it is
also possible to provide an indicative parameter using the deviations from each of the electrodes of the 10/20 system,
such a system is too complicated to be practical in an ICU setting. Applying the minimal number of electrodes according
to the invention is however not difficult and fits within the work process of clinical personnel.

[0035] As already mentioned, the parameter representative of the degree of slowing of the signal and the locations of
the electrodes on the scalp of the patient must be chosen such that the resulting parameter is indeed indicative for
whether the patient is delirious or not.

[0036] The determination of the positions of the two electrodes and the parameter to be calculated from the signals
can be established by statistically comparing the different parameters being representative of the slowing of the signal
obtained from each possible electrode pair deviation of the (extended) 10/20 system on a patient diagnosed to be
delirious or not. This is preferably applied to a larger group of patients. Reference is made to the Example for determining
combinations of locations and parameter as included below.

[0037] Table?2asincluded below lists the results of this determination. Itis noted that each of the electrode combinations
as listed contains at least one electrode being positioned on the front half of the scalp according to the invention. According
to a preferred embodiment, the EEG data contains recording signals obtained from locations on the scalp as listed in
any of the rows of Table 2 as included below, wherein the column 'Loc 1’ specifies the location of a first electrode in the
extended 10/20 system, the column ’'Loc 2’ specifies the location of the second electrode in the extended 10/20 system,
wherein the parameters marked with ’'x’ for the combinations of locations are indicative whether an awake, non-comatose
patient with eyes closed is delirious or not, wherein:

Rel Alpha, Beta, Theta or Delta corresponds to the Relative Alpha, Beta, Theta or Delta Power as defined above,
respectively;

S/F Ratio corresponds to the Slow-Fast Ratio as defined above;

Peak freq corresponds to the peak frequency as defined above.

Table 2:
Loc1 | Loc2 | RelAlpha | RelBeta | Rel Delta | S/F Ratio | Peak Freq
'C3’ ‘o1 X X X
'C3 ‘02 X X X X
'C3 ‘P3’ X X X X
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(continued)

Loc1 | Loc2 | RelAlpha | RelBeta | Rel Delta | S/F Ratio | Peak Freq
'C% ‘P4’ X X X X
'C% ‘P7’ X X X

'C% ‘P8’ X X X X X
'C% ‘Pz’ X X X X
'C% T7 X X X

'C4’ 'C3 X X X X

'C4’ 'Cz’ X X X X

'C4’ o1 X X X X X
'C4’ ‘02 X X X X X
'C4’ ‘P3’ X X X X
'C4’ ‘P4’ X X X X

'C4’ ‘P7’ X X X X X
'C4’ ‘P8’ X X X X

'C4’ ‘Pz’ X X X X X
'C4’ T7 X X X X

'Cz’ 'C3 X X X X

'Cz’ o1 X X X X

'Cz’ ‘02 X X X X X
'Cz’ '‘P3’ X X X X

'Cz’ ‘P4’ X X X X X
'Cz’ ‘P7’ X X X X

'Cz’ ‘P8’ X X X X X
'Cz’ ‘Pz’ X X X X

'Cz’ T7 X X X X

‘'F10° | 'C¥ X X X X

‘'F10° | 'C4 X X X X

‘'F10° | 'CZ X X X X

‘'F10° | 'F& X X X X

‘'F10° | 'F4 X X X X

‘'F10° | 'F7 X X X X

‘'F10° | 'Fp1’ X X

‘'F10’ | 'Fp2’ X

‘'F10° | 'FZ X X X X

‘'F10° | 'OT X X X X

‘'F10° | 02 X X X X

‘'F10° | 'P3’ X X X X

‘'F10° | ‘P4’ X X X X

‘'F10° | 'PT X X X X
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(continued)

Loc1 | Loc2 | RelAlpha | RelBeta | Rel Delta | S/F Ratio | Peak Freq
‘'F10° | 'P8’ X X X X
'F10° | 'PZ X X X X
‘F10° | T7 X X X X
‘'F10° | T8 X X X X
'F3 'C3’ X X X
'F3 ‘C4 X X X X
'F3 'Cz X X X X
'F3 'F7 X X X
'F3 ‘o1 X X X
'F3 ‘02 X X X
'F3 ‘P3 X X X
'F3 ‘P4’ X X X
'F3 ‘P7’ X X X
'F3 ‘P8’ X X X
'F3 ‘Pz’ X X X
'F3 T7 X X X
'F3 ‘T8 X X X X
‘F4’ 'C3 X X X X
‘F4 'C4 X X X
‘F4 'Cz’ X X X X
‘F4 'F3’ X X X
‘F4’ 'F7 X X X X
‘F4’ 'Fz’ X X X
‘F4 ‘o1 X X X
‘F4’ ‘02 X X X X
‘F4’ '‘P3’ X X X X
‘F4 ‘P4’ X X X
‘F4’ ‘P7’ X X X
'F4 ‘P8’ X X X
‘F4’ ‘Pz’ X X X
‘F4’ T7 X X X X
‘F4’ ‘T8 X X X X
'FT 'C3 X X X
‘T ‘C4 X X X X
‘T 'Cz X X X X
‘T o1 X X X X
‘T ‘02 X X X X
‘T '‘P3’ X X X X
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(continued)

Loc1 | Loc2 | RelAlpha | RelBeta | Rel Delta | S/F Ratio | Peak Freq
‘T ‘P4’ X X X X
‘T ‘P7’ X X X X
‘T ‘P8’ X X X X
‘T ‘Pz’ X X X X
‘T T7 X X X
‘T ‘T8 X X X X
'F8& 'C3 X X X X
'F8& ‘C4 X X X X
'F8& 'Cz’ X X X X
'F8& 'F3’ X X X X
'F8 'F4 X X X
'F8& 'F7 X X X X
'F8& 'Fz’ X X X X
'F8& o1 X X X X
'F8 ‘02 X X X X
'F8 '‘P3’ X X X X
'F8& ‘P4’ X X X X
'F8 ‘P7’ X X X X
'F8 ‘P8’ X X X X
'F8& ‘Pz’ X X X X X
'F8& T7 X X X X
'F8 T8 X X X
'F9’ 'C3 X X X X
'F9’ ‘C4 X X X X
'F9’ 'Cz’ X X X X
'FO’ 'F10’ X X X
'F9’ 'F3’ X X X X
'F9’ 'F4’ X X X X
'F9’ 'F7 X X X
'F9’ 'F8’ X X X X
'FO’ ‘Fp1’ X X
'FO’ 'Fp2’ X X X
'F9’ 'Fz’ X X X X
'F9’ o1 X X X X
'F9’ ‘02 X X X X
'F9’ '‘P3’ X X X X
'F9’ ‘P4’ X X X X
'F9’ ‘P7’ X X X X
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(continued)

Loc1 | Loc2 | RelAlpha | RelBeta | Rel Delta | S/F Ratio | Peak Freq
'F9’ ‘P8’ X X X X
'F9’ ‘Pz’ X X X X
'F9’ T7 X X X
'F9’ ‘T8 X X X X
‘Fp1’ | 'C¥ X X X
‘Fp1’ | 'C4 X X X X
‘Fp1’ | 'CZ X X X X
‘Fp1’ | 'F4 X X
‘Fp1” | 'F7’ X

‘Fp1’ | 'F8& X X X X
‘Fp1’ | 'FZ X

‘Fp1” | 'OT X X X
‘Fp1’ | 'O2 X X X X
‘Fp1’ | 'P3’ X X X
‘Fp1’ | 'P4 X X X X
‘Fp1’ | 'P7 X X X
‘Fp1’ | 'P& X X X X
‘Fp1’ | 'PZ X X X X
‘Fp1’ | 'TT X X X
‘Fp1’ | 'T8 X X X X
‘'Fp2' | 'C3 X X X X
‘Fp2' | 'C4 X X X X
'Fp2’ | 'CZ X X X X
‘Fp2’ | 'F3 X X X
‘Fp2’ | 'F4 X

'Fp2' | 'F7’ X X X X
‘Fp2’" | 'F8 X X
‘Fp2’ | 'Fp1’ X X X
'Fp2' | 'FZ X X X
‘Fp2’ | 'O1 X X X
‘Fp2’ | 'O2 X X X X
'Fp2' | 'P¥ X X X X
‘Fp2’ | P4 X X X
‘Fp2' | 'P7 X X X X
‘Fp2' | 'P8& X X X X
‘Fp2' | 'PZ X X X X
‘Fp2' | 'TT X X X X
‘Fp2' | 'T8 X X X X




10

15

20

25

30

35

40

45

50

55

EP 3 046 466 B1

(continued)

Loc1 | Loc2 | RelAlpha | RelBeta | Rel Delta | S/F Ratio | Peak Freq
'Fz 'C3 X X X X

'Fz ‘C4 X X X X

'Fz 'Cz’ X X X X

'Fz 'F3’ X X X

'Fz 'F7 X X X X

'Fz o1 X X X X

'Fz ‘02 X X X X X
'Fz '‘P3’ X X X X

'Fz ‘P4’ X X X X

'Fz ‘P7’ X X X X

'Fz ‘P8’ X X X X X
'Fz ‘Pz’ X X X X

'Fz T7 X X X X

'Fz ‘T8 X X X X

7 o1 X X X

7 ‘02 X X X

7 '‘P3’ X X X

T7 ‘P4’ X X X X

T7 ‘P7’ X X X

T7 ‘P8’ X X X X
7 ‘Pz’ X X X X

‘T8 'C3 X X X X

‘T8 ‘C4 X X X X

‘T8 'Cz’ X X X X

‘T8 o1 X X X X

‘T8 ‘02 X X X X

‘T8 '‘P3’ X X X X

‘T8 ‘P4’ X X X

‘T8 ‘P7’ X X X X

‘T8 ‘P8’ X X X

‘T8 ‘Pz’ X X X X

‘T8 T7 X X X X

[0038] The EEG data can be recorded beforehand to be subsequently processed and analyzed according to the
invention. The data can thereto for instance be stored on a suitable information carrier. The step of providing the EEG
data may therefore comprise loading the dataset in a suitable memory for further processing as is as such known in the art.
[0039] Itis however also possible that the data is obtained by recording the signals from the two electrodes, preferably
from only two electrodes, on the patient’s scalp, for instance in (semi) real time.

[0040] The invention further relates to a system for determining a parameter which is indicative for whether a patient
is delirious or not or is at risk of becoming delirious according to the method according to the invention, wherein the
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system comprises:

- input means for receiving electroencephalography (EEG) data comprising recording signals from at least two elec-
trodes located on different locations on the patient’s scalp during a predetermined time period, for instance at least
10 seconds, wherein at least one of the signals is recorded from the front half of the scalp;

- processing means for processing said EEG data for obtaining a deviation signal from the two recording signals from
the electrodes;

- analyzing means for analyzing said deviation signal in the frequency spectrum for establishing slowing of said
deviation signal and for defining the parameter as the degree of slowing of said deviation signal which in combination
with the locations of the recordings on the patient’s scalp is indicative whether said patient is delirious or not or is
at risk of becoming delirious;

- output means for outputting said parameter.

[0041] The input means may for instance be formed by a suitable data carrier for receiving the EEG data previously
obtained by recording the signals from the patient’s scalp. The system according to the invention may for instance
comprise a Personal Computer including a processor, memory and storage means as known in the art as such. It is
however preferred if the system comprises a hand held, or at least portable, device provided with the input means, the
processing, analyzing means and output means such that the device can be efficiently used in a routine clinical setting,
for example the ICU.

[0042] The analyzing means and processing means may be formed integrally and may for instance be formed, or
comprise, a suitable processor arranged for processing data as known in art as such.

[0043] The input means may further comprise a suitable connector, or a plurality thereof, arranged for connecting the
electrodes for recording the signals from the patient’s scalp, preferably only two electrodes and possibly a third ground
electrode according to the invention.

[0044] As said, according to the invention, a reliable parameter can be established by using the signals as recorded
from two electrodes on the patient’s scalp. Therefore, according to a further preferred embodiment, the input means
comprise at least two electrodes arranged to be placed on different locations on the patient’s scalp for obtaining the two
recording signals.

[0045] According to a preferred embodiment of a system which is especially efficient for use in routine clinical setting
such as the ICU, the input means comprise only two electrodes arranged to be placed on different locations on the
patient’s scalp for obtaining the two recording signals. A system using only two electrodes, and possibly a third ground
electrode, has a compact structure which can be efficiently used in a routine clinical setting as explained above.
[0046] According to a further preferred embodiment, the output means comprise a display for displaying a represent-
ative of the parameter. The display may for instance display the calculated parameter, such as the relative delta power
as explained above. This parameter can then be taken into account by the physician or other user of the system for
determining whether the patient is delirious or not.

[0047] The present invention is further illustrated by the following examples according to preferred embodiments of
the method according to the invention, and are not intended to limit the scope of the invention in any way. The scope of
protection of the present invention is defined in claims 1 - 15.

[0048] List of drawings:

- Figure 1 shows the locations of the different electrodes in the extended 10/20 system;

- Figure 2 shows the locations of the electrodes according to the classic 10/20 system;

- Figure 3 shows a flow chart for the determination of combinations of locations and parameters for providing a
indicative parameter according to the invention, and;

- Figure 4 schematically shows a device according to the invention.

[0049] With reference to figure 4, a device 1 is provided with a housing 100 which is provided with a memory 2 as
input means for receiving EEG data. The EEG data can be obtained from connector 21 which can be used to connect
the device 1 to any suitable data carrier. As an alternative, the EEG data may be recorded in real time. Thereto, the
device 1 is provided with connectors 22a and 22b for connecting to electrodes 12a and 12b. A third connector 23 is
provided for connecting a ground electrode 13. The electrodes 12a, 12b and 13 as such are arranged to be placed on
the scalp of the patient.

[0050] Recording or transferring of the EEG data to the memory 2 can be initiated using suitable control means 6 in
the form of a plurality of buttons. The control means 6 are operatively coupled to the memory 2. After transfer or after
recording, the memory 2 contains EEG data comprising recording signals of the two electrodes 22a and 22b.

[0051] For processing the EEG data, a processor 3 is provided. After filtering the signals with a band pass filter having
a lower threshold of 0.5 Hz and a higher threshold of 30 Hz, the bipolar deviation of the electrodes is obtained. The
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resulting signal is inputted to the analyzer 4, which is in this example shown as a separate part, although the analyzer
4 may be formed integrally with the processor 3. The signal as processed may also be stored, forinstance in the memory 2.
[0052] The analyzer 3 calculates the relevant parameter which is indicative for a slowing of the signal as processed
by the processor 3. Preferably, the relative power of the brain waves in the delta band is calculated. This relative delta
power is then outputted to the output means 5 which comprise a screen 51 for outputting the parameter, for instance
corrected to a predetermined scale of 0 - 10. The output means 5 are further provided with a connector 52 for connecting
the device 1 to another processing unit such as a Personal Computer or a data carrier. It is further possible that the
output means 5 comprise a memory, which may be shared with the input means 2, for storing the parameter.

Example for determining combinations of locations and parameter

[0053] EEGs according to the invention were recorded in 28 delirious patients and 28 age and sex-matched controls
after cardiac surgery.

[0054] To study EEG characteristics we first focused on a uniform population of cardiothoracic surgery patients, who
were admitted postoperatively to the ICU of the University Medical Centre Utrecht. The patients were recruited at the
pre-operative outpatient clinic or at hospital admission prior to surgery. Patients were eligible for this study if they were
50 years or older and gave written informed consent. Exclusion criteria were a history of a neurological or psychiatric
disease. Patients with a cerebrovascular event in medical history were not excluded, unless the event resulted in an
EEG alteration. In that case the patient was excluded after the EEG recording. The Medical Ethics Committee of the
University Medical Center Utrecht approved the study (protocol number 11-073).

[0055] Daily mental status screening was performed by research nurses and -physicians, with the Richmond Agitation
and Sedation Scale (RASS) and the CAM-ICU during the first five post-operative days, or when surgery was complicated,
the first five days that the patient was not in a comatose state. A comatose state was defined as a Glasgow Coma Score
lower than 9 or a Richmond Agitation and Sedation Scale (RASS) score lower than minus 3. Delirium screening was
conducted using the CAM-ICU. In addition, included patients were evaluated by a psychiatrist, geriatrician or neurologist,
who made the final classification of mental status, based on the Diagnostic and Statistical Manual of mental disorders
(DSM) IV criteria for delirium.

[0056] Thirty minute EEGs were recorded, in which non-delirious patients were asked to keep their eyes closed for
15 minutes of the recording. Because of the difficulty to instruct delirious patient, this group was not asked to close their
eyes. To ensure that patients stayed awake, they were asked to conduct tasks like squeezing their hands at several
time points during the recording. As a result of these tasks, the majority of delirious patients showed naturally an eyes
closed period.

[0057] EEG recordings were conducted according to the international 10/20 system extended with an extra EOG
electrode below the right eye. Recordings were performed with Micromed (Micromed, Trevisio, Italy), using a sample
frequency of 512 Hz and G2 as ground electrode. Analog filter settings were set between 0.1 and 70 Hz. After digital
storage the data was preprocessed using a band pass FIR filter with cut-off frequencies of 0.5 and 30 Hz. The signal
processing toolbox EEGlab (Version 9.0.4.5s) was used for preprocessing of the EEG data in combination with MATLAB
(Matlab, version 7.9.0.529, The MathWorks Inc, Natick, Massachusetts U.S.A).

[0058] For quantitative analysis, we selected the first 60 seconds of artifact free data with eyes closed. If specific
electrode channels still contained artifacts, these channels were removed from the data. All electrode channels were
used (F9, F10, Fp2, Fp1, F8, F4, Fz, F3, F7, T8, C4, Cz, C3, T7, P8, P4, Pz, P3, P7, 02, 01).

[0059] All EEG electrodes were combined with each other to create all possible bipolar EEG deviations. This resulted
in 210 EEG deviations. EEG characteristics were determined including the relative power in the delta (rel_d, 0.5-4 Hz),
theta (rel_t, 4-8 Hz), alpha (rel_a, 8-13 Hz) and beta (rel_b, 13-30 Hz) frequency band, the peak frequency and the slow-
fast ratio (rel_d+rel_t/rel_a+rel_b). These 6 EEG characteristics were calculated per patient for every EEG deviation
(see figure 1).

[0060] Patient characteristics were tested for normality using the Kolmogorov-Smirnov test. Normally distributed var-
iables were presented using the mean and standard deviation (SD), non-normally distributed variables with the median
and interquartile range (IQR). Statistical analysis of patient characteristics was conducted with Statistical Package for
the Social Sciences (IBM SPSS Statistics, version 20, Armonk, New York, U.S.A.).

[0061] In explorative analysis all possible combinations of EEG deviations and characteristics were compared between
delirious and non-delirious patients. It was assumed that not all EEG characteristics were normally distributed and
therefore all comparisons were conducted using the Mann-Whitney U test. For registrations with eyes closed, all p-
values were ranked and the smallest p-value was assumed to be the optimal EEG deviation and optimal EEG characteristic
to distinguish delirious from non-delirious patients. For the 10 most optimal combinations of EEG characteristic and
deviation, a receiver operating curve was created and the area under the curve was determined. The statistical analyses
of the EEG data was performed with Matlab.

[0062] The 10 combinations of EEG deviation and EEG characteristic that showed the smallest p-value of all possible
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combinations in discriminating delirium from non-delirium for registrations with eyes closed are listed below:

# p Dev Par D-median (IQR) | ND-median (IQR) | AUC | Sens (%) | Spec (%)
1 1.8e-12 | F8-Pz Rel. Delta | 0.59 (0.47-0.71) | 0.20 (0.17-0.26) 0.99 | 100 96

2 3.7e-12 | F8-P3 Rel. Delta | 0.59 (0.46-0.69) | 0.19 (0.15-0.26) 0.99 | 96 96

3 1.1e-11 | F8-02 Rel. Delta | 0.60 (0.49-0.73) | 0.23 (0.18-0.30) 0.99 | 96 96

4 1.5e-11 | Fp2-01 | Rel. Delta | 0.66 (0.60-0.75) | 0.27 (0.23-0.36) 0.99 | 96 95

5 1.7e -11 | F8-F4 Rel. Delta | 0.60 (0.43-0.70) | 0.20 (0.17-0.26) 0.98 | 96 92

6 2.2e-11 | F8-01 Rel. Delta | 0.62 (0.48-0.72) | 0.22 (0.17-0.26) 0.99 | 96 95

7 24e-11 | F8-Cz Rel. Delta | 0.57 (0.46-0.67) | 0.26 (0.20-0.33 0.98 | 91 96

8 24e-11 | F8-C3 Rel. Delta | 0.57 (0.49-0.67) | 0.21 (0.17-0.30) 0.98 | 91 92

9 29e-11 | Fp2-Pz | Rel. Delta | 0.64 (0.53-0.72) | 0.28 (0.22-0.36) 0.99 | 100 95

10 | 3.0e-11 | Cz-01 Rel. Delta | 0.50 (0.37-0.57) | 0.17 (0.10-0.25) 0.96 | 92 88

With: #: Rank, p: p-value, Dev: deviation, Par: Parameter, D-median: Delirium, median, ND-median: non-Delirium
median, IQR: Inter Quartile Range, AUC: Area Under the Curve; Rel. Delta: Relative power in the delta frequency
band, Sens: Sensitivity, Spec: Specificity.

[0063] The above table shows that the deviation F8-Pz for relative delta power showed the lowest p-value. Also
neighboring electrodes of both F8 (for example Fp2) and Pz (for example P3) in combination with relative delta power
showed very small p-values.

Example 1

[0064]

Measurement in 46 patients with eyes closed on locations F8-Pz with relative delta as indicative parameter.

Comparison per patients the diagnosis according to the gold standard (DSM IV criteria) and indication (ind) according
to EEG measurement based on threshold of 0.3757, With D: Delirium, ND: Non-Delirium:
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17 D 0.7209 D
No. DSM Rel. Ind 18 D 0.3797 D
Iv Delta 19 D 0.3769 D
1 D 0.4058 D 20 D 0.7532 D
2 D 0.5884 D 21 D 0.6995 D
3 D 0.6411 D 22 D 0.4551 D
4 D 0.5471 D 23 ND 0.3556 ND
5 D 0.5503 D 24 ND 0.2819 ND
6 D 0.4847 D 25 ND 0.3217 ND
7 D 0.7052 D 26 ND 0.2168 ND
8 D 0.7465 D 27 ND 0.3305 ND
9 D 0.7416 D 28 ND 0.1573 ND
10 D 0.7690 D 29 ND 0.1117 ND
11 D 0.3757 D 30 ND 0.1691 ND
12 D 0.6832 D 31 ND 0.2371 ND
13 D 0.5834 D 32 ND 0.2234 ND
14 D 0.6237 D 33 ND 0.3854 D
15 D 0.4654 D 34 ND 0.0923 ND
16 D 0.5650 D 35 ND 0.3702 ND
36 ND 0.2468 ND 42 ND 0.1824 ND
37 ND 0.1887 ND 43 ND 0.2423 ND
38 ND 0.1962 ND 44 ND 0.1990 ND
39 ND 0.1383 ND 45 ND 0.1606 ND
40 ND 0.1856 ND 46 ND 0.2047 ND
41 ND 0.1806 ND
Example 2

[0065] Measurement in 47 patients with eyes closed on locations F8-P3 with relative delta as indicative parameter.
Comparison per patients the diagnosis according to the gold standard (DSM 1V criteria) and indication (ind) according
to EEG measurement based on threshold of 0.3582, With D: Delirium, ND: Non-Delirium:
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15 D 0.5923 D

No. DSM Rel. Ind 16 D 0.4467 D
Iv delta 17 D 0.5733 D

1 D 0.3771 D 18 D 0.6836 D
2 D 0.5977 D 19 D 0.3583 D
3 D 0.6004 D 20 D 0.3582 D
4 D 0.6349 D 21 D 0.6960 D
5 D 0.5011 D 22 D 0.7031 D
6 D 0.5164 D 23 D 0.4167 D
7 D 0.5006 D 24 ND 0.3474 ND
8 D 0.7102 D 25 ND 0.2034 ND
9 D 0.7601 D 26 ND 0.3675 D
10 D 0.6958 D 27 ND 0.2126 ND
11 D 0.7819 D 28 ND 0.2704 ND
12 D 0.3068 ND 29 ND 0.1265 ND
13 D 0.6430 D 30 ND 0.1368 ND
14 D 0.5460 D 31 ND 0.1672 ND
32 ND 0.2563 ND 40 ND 0.1234 ND
33 ND 0.1792 ND 41 ND 0.1534 ND
34 ND 0.3433 ND 42 ND 0.1354 ND
35 ND 0.0975 ND 43 ND 0.1862 ND
36 ND 0.3158 ND 44 ND 0.2156 ND
37 ND 0.2345 ND 45 ND 0.2629 ND
38 ND 0.1459 ND 46 ND 0.1671 ND
39 ND 0.1855 ND 47 ND 0.1955 ND

Example 3

[0066] Measurement in 46 patients with eyes closed on locations F8-02 with relative delta as indicative parameter.
Comparison per patients the diagnosis according to the gold standard (DSM 1V criteria) and indication (ind) according
to EEG measurement based on threshold of 0.4399, With D: Delirium, ND: Non-Delirium:
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No. DSM Rel. Ind 13 D 0.7241 D
Iv delta 14 D 0.5679 D

1 D 0.4399 D 15 D 0.6224 D
2 D 0.5924 D 16 D 0.4528 D
3 D 0.7161 D 17 D 0.5751 D
4 D 0.6960 D 18 D 0.7533 D
5 D 0.5757 D 19 D 0.4909 D
6 D 0.5970 D 20 D 0.4638 D
7 D 0.4997 D 21 D 0.7818 D
8 D 0.7555 D 22 D 0.7232 D
9 D 0.7811 D 23 D 0.3331 ND
10 D 0.7274 D 24 ND 0.4751 D
11 D 0.8414 D 25 ND 0.2961 ND
12 D 0.4897 D
26 ND 0.4210 ND 37 ND 0.2568 ND
27 ND 0.2338 ND 38 ND 0.2334 ND
28 ND 0.3012 ND 39 ND 0.1838 ND
29 ND 0.0925 ND 40 ND 0.1005 ND
30 ND 0.0961 ND 41 ND 0.1341 ND
31 ND 0.2014 ND 42 ND 0.1972 ND
32 ND 0.2442 ND 43 ND 0.2676 ND
33 ND 0.3027 ND 44 ND 0.1969 ND
34 ND 0.3517 ND 45 ND 0.1983 ND
35 ND 0.1052 ND 46 ND 0.1847 ND
36 ND 0.3924 ND

[0067] The results can be summarized as follows:

Summary table:

[0068]

Dev Par AUC Sens (%) Spec (%) NPV (%) PPV (%)

F8-Pz Rel. delta 0.99 100 96 100 96
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(continued)

Dev Par AUC Sens (%) Spec (%) NPV (%) PPV (%)
F8-P3 Rel. delta 0.99 % 96 96 96
F8-02 Rel. delta 0.99 9 96 96 96

With Dev: Deviation, Par: Parameter, AUC: Area under the curve, Sens: Sensitivity, Spec: Specificity, NPV: Negative
Predictive Value, PPV: Positive Predictive Value

[0069] The method and system according to the invention therefore has a high prediction value, such that a reliable
indication can be given whether a patient is delirious or not. The user is then able to judge whether a patient is delirious
or not, taking this parameter into account, next to for instance other parameters or observations.

[0070] The present invention is not limited to the embodiment shown, but extends also to other embodiments falling
within the scope of the appended claims.

Claims

1. Method for determining a parameter which is indicative for whether a patient is delirious or not, or is at risk of
becoming delirious or not, wherein the method comprises the steps of:

- recording signals representative of brain activity from at least two electrodes located on different locations on
the patient’s scalp;

- determining a difference signal from a first recording signal from an electrode and a second recording signal
from another electrode, wherein the at least two electrodes are selected from a group of electrode pairs located
at or near locations selected from a group of electrode pair locations comprising F8-Pz, F8-P3, F8-02, Fp2-
O1, F8-F4, F8-0O1, F8-Cz, F8-C3, Fp2-Pz, Cz-O1 according to the extended 10-20 EEG system, wherein a
location is considered near a location specified according to the 10/20 system when such a location is between
the specified location and an adjacent location as specified according to the 10/20 system;

- determining the parameter as the ratio of a spectral power of the difference signal in a delta band relative to
a total spectrum power;

- comparing the ratio with a threshold, wherein the threshold is dependent on the location of the pair of electrodes.

2. Method according to claim 1, further comprising determining a statistical distribution for the ratio from the difference
signal for at least one pair of electrodes corresponding to a delirium state and determining a statistical distribution

for the ratio from the difference signal for at least one pair of electrodes corresponding to a non-delirium state.

3. Method according to claim 2, wherein the threshold is in a range from an upper IQR value of the non-delirium
distribution and a lower IQR value of the delirium distribution.

4. Method according to claim 3 , wherein the threshold associated with electrode pair location at or near F8-Pz lies in
arange of 0.26 - 0.47,

5. Method according to any of the preceding claims, wherein the threshold for the electrode pair location at or near
F8-Pz equals 0.3757.

6. Method according to any one of the preceding claims, further comprising:

- determining the ratio at different moments;
- establishing a trend in the ratio.

7. Method according to any one of the preceding claims, wherein the delta band has a frequency range of 0.5 - 4 Hz.

8. Method according to any one of the preceding claims, wherein the total spectrum power of the difference signal is
in a frequency range of 0.5 - 30 Hz.

9. System for determining a parameter which is indicative for whether a patient is delirious or not or is at risk of becoming
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delirious, wherein the system comprises:

-input means for recording signals representative of brain activity from atleast two electrodes located on different
locations on the patient’s scalp;

- processing means arranged for determining a difference signal from a first recording signal from an electrode
and a second recording signal from another electrode, wherein the at least two electrodes are selected from a
group of electrode pairs located at or near locations selected from a group of electrode pair locations comprising
F8-Pz, F8-P3, F8-02, Fp2-O1, F8-F4, F8-0O1, F8-Cz, F8-C3, Fp2-Pz, Cz-O1 according to the extended 10-20
EEG system;

- analyzing means arranged for:

i) determining the parameter as the ratio of a spectral power of the difference signal in a delta band relative
to a total spectrum power;

ii) comparing the ratio with a first threshold, wherein the first threshold is dependent on the location of the
selected pair of electrodes.

System according to claim 9, wherein the processing means are further arranged for determining a statistical dis-
tribution for the ratio from the difference signal for at least one pair of electrodes corresponding to a delirium state
and determining a statistical distribution for the ratio from the difference signal for at least one pair of electrodes
corresponding to a non-delirium state.

11. Systemaccordingclaim 10, wherein the threshold is in arange froman upper|QR value of the non-delirium distribution
and a lower IQR value of the delirium distribution.
12. System according to claim 11, wherein the threshold associated with electrode pair location at or near F8-Pz lies
in a range of 0.26 - 0.47.
13. System according to any of the claims 9 - 12, wherein the threshold for the electrode pair location at or near F8-Pz
equals 0.3757.
14. System according to any one of the claims 9 - 13, wherein the processing means is further arranged for:
- determining the ratio at different moments;
- establishing a trend in the ratio.
15. System according to any one of the claims 9 - 14, wherein the delta band has a frequency range of 0.5 - 4 Hz, and
wherein the total spectrum power of the difference signal is in a frequency range of 0.5 - 30 Hz.
Patentanspriiche
1. Verfahren zum Bestimmen eines Parameters, der anzeigt, ob ein Patient im Delirium ist oder nicht oder in Gefahr

ist, ins Delirium zu kommen oder nicht, wobei das Verfahren die folgenden Schritte umfasst:

- Aufzeichnen von Signalen, die reprasentativ fiir die Gehirnaktivitat sind, von wenigstens zwei Elektroden, die
an unterschiedlichen Positionen auf der Kopfhaut des Patienten angeordnet sind,

- Bestimmen eines Differenzsignals aus einem ersten Aufzeichnungssignal von einer Elektrode und einem
zweiten Aufzeichnungssignal von einer anderen Elektrode, wobei die wenigstens zwei Elektroden ausgewahlt
sind aus einer Gruppe von Elektrodenpaaren, die an oder nahe Positionen angeordnet sind, die ausgewahlt
sind aus einer Gruppe von Elektrodenpaar-Positionen, die F8-Pz, F8-P3, F8-02, Fp2-O1, F8-F4, F8-0O1, F8-
Cz, F8-C3, Fp2-Pz, Cz-O1 entsprechend dem erweiterten 10-20-EEG-System umfasst, wobei eine Position als
nahe einer Position betrachtet wird, die entsprechend dem 10-20-System spezifiziert ist, wenn sich eine solche
Position zwischen der spezifizierten Position und einer benachbarten Position, wie entsprechend dem 10-20-
System spezifiziert, befindet,

- Bestimmen des Parameters als das Verhaltnis einer Spektralleistung des Differenzsignals in einem Deltaband
relativ zu einer Gesamtspektrumsleistung,

- Vergleichen des Verhaltnisses mit einem Schwellenwert, wobei der Schwellenwert von der Position des Paares
von Elektroden abhangig ist.
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Verfahren nach Anspruch 1, das ferner das Bestimmen einer statistischen Verteilung fiir das Verhaltnis aus dem
Differenzsignal fir wenigstens ein Paar von Elektroden, die einem Deliriumszustand entspricht, und das Bestimmen
einer statistischen Verteilung fiir das Verhaltnis aus dem Differenzsignal fiir wenigstens ein Paar von Elektroden,
die einem Nicht-Deliriumszustand entspricht, umfasst.

Verfahren nach Anspruch 2, wobei der Schwellenwert in einem Bereich von einem oberen IQR-Wert der Nicht-
Deliriumsverteilung zu einem unteren IQR-Wert der Deliriumsverteilung liegt.

Verfahren nach Anspruch 3, wobei der Schwellenwert, der mit der Elektrodenpaar-Position bei oder nahe F8-Pz
verkniipft ist, in einem Bereich von 0,26 - 0,47 liegt.

Verfahren nach einem der vorhergehenden Anspriiche, wobei der Schwellenwert fir die Elektrodenpaar-Position
bei oder nahe F8-Pz gleich 0,3757 ist.

Verfahren nach einem der vorhergehenden Anspriiche, das ferner Folgendes umfasst:

- Bestimmen des Verhéltnisses zu unterschiedlichen Zeitpunkten,
- Feststellen eines Trends in dem Verhéltnis.

Verfahren nach einem der vorhergehenden Anspriiche, wobei das Deltaband einen Frequenzbereich von 0,5 - 4
Hz hat.

Verfahren nach einem der vorhergehenden Anspriiche, wobei die Gesamtspektrumsleistung des Differenzsignals
in einem Frequenzbereich von 0,5 - 30 Hz liegt.

System zum Bestimmen eines Parameters, der anzeigt, ob ein Patient im Delirium ist oder nicht oder in Gefahr ist,
ins Delirium zu kommen oder nicht, wobei das System Folgendes umfasst:

- Eingabemittel zum Aufzeichnen von Signalen, die reprasentativ fur die Gehirnaktivitat sind, von wenigstens
zwei Elektroden, die an unterschiedlichen Positionen auf der Kopfhaut des Patienten angeordnet sind,

- Verarbeitungsmittel, die angeordnet sind zum Bestimmen eines Differenzsignals aus einem ersten Aufzeich-
nungssignal von einer Elektrode und einem zweiten Aufzeichnungssignal von einer anderen Elektrode, wobei
die wenigstens zwei Elektroden ausgewahlt sind aus einer Gruppe von Elektrodenpaaren, die an oder nahe
Positionen angeordnet sind, die ausgewahlt sind aus einer Gruppe von Elektrodenpaar-Positionen, die F8-Pz,
F8-P3, F8-02, Fp2-0O1, F8-F4, F8-O1, F8-Cz, F8-C3, Fp2-Pz, Cz-O1 entsprechend dem erweiterten 10-20-
EEG-System, umfasst,

- Analysemittel, die zu Folgendem angeordnet sind:

i) Bestimmen des Parameters als das Verhaltnis einer Spektralleistung des Differenzsignals in einem Del-
taband relativ zu einer Gesamtspektrumsleistung,
ii) Vergleichen des Verhaltnisses mit einem ersten Schwellenwert, wobei der erste Schwellenwert von der
Position des Paares von Elektroden abhéangig ist.

System nach Anspruch 9, wobei die Verarbeitungsmittel ferner angeordnet sind zum Bestimmen einer statistischen
Verteilung fir das Verhaltnis aus dem Differenzsignal fiir wenigstens ein Paar von Elektroden, die einem Delirium-
szustand entspricht, und das Bestimmen einer statistischen Verteilung fir das Verhaltnis aus dem Differenzsignal
fir wenigstens ein Paar von Elektroden, die einem Nicht-Deliriumszustand entspricht.

System nach Anspruch 10, wobei der Schwellenwert in einem Bereich von einem oberen IQR-Wert der Nicht-
Deliriumsverteilung zu einem unteren IQR-Wert der Deliriumsverteilung liegt.

System nach Anspruch 11, wobei der Schwellenwert, der mit der Elektrodenpaar-Position bei oder nahe F8-Pz
verknipft ist, in einem Bereich von 0,26 - 0,47 liegt.

System nach einem der Anspriiche 9 bis 12, wobei der Schwellenwert fiir die Elektrodenpaar-Position bei oder nahe
F8-Pz gleich 0,3757 ist.

System nach einem der Anspriiche 9 bis 13, wobei die Verarbeitungsmittel ferner zu Folgendem angeordnet sind:
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- Bestimmen des Verhéltnisses zu unterschiedlichen Zeitpunkten,
- Feststellen eines Trends in dem Verhaltnis.

15. System nach einem der Anspriiche 9 bis 14, wobei das Deltaband einen Frequenzbereich von 0,5 - 4 Hz hat, und

wobei die Gesamtspektrumsleistung des Differenzsignals in einem Frequenzbereich von 0,5 - 30 Hz liegt.

Revendications

Procédé de détermination d’'un paramétre qui indique si un patient est en état confusionnel ou non, ou risque d’étre
en état confusionnel ou non, dans lequel le procédé comprend les étapes :

- d’enregistrer des signaux représentant I'activité cérébrale a partir d’au moins deux électrodes situées en des
emplacements différents sur le scalp du patient ;

- de déterminer un signal de différence a partir d’'un premier signal d’enregistrement a partir d’'une électrode et
d’'un second signal d’enregistrement a partir d’'une autre électrode, dans lequel les aux moins deux électrodes
sont sélectionnées parmi un groupe de paires d’électrodes situées en des emplacements ou pres d’emplace-
ments sélectionnés parmi un groupe d’emplacements de paires d’électrodes comprenant F8-Pz, F8-P3, F8-
02, Fp2-01, F8-F4, F8-0O1, F8-Cz, F8-C3, Fp2-Pz, Cz-O1, selon le systtme d’EEG 10-20 étendu, dans lequel
un emplacement est considéré proche d’'un emplacement spécifié selon le systeme 10/20 lorsqu’un tel empla-
cement est entre 'emplacement spécifié et un emplacement adjacent tel que spécifié selon le systeme 10/20 ;
- de déterminer le paramétre comme étant le rapport d’'une puissance spectrale du signal de différence dans
une bande delta par rapport a une puissance de spectre totale ;

- de comparer le rapport avec un seuil, dans lequel le seuil est dépendant de 'emplacement de la paire d’élec-
trodes.

Procédé selon la revendication 1, comprenant en outre de déterminer une distribution statistique pour le rapport a
partir du signal de différence pour au moins une paire d’électrodes correspondant a un état confusionnel et déterminer
une distribution statistique pour le rapport a partir du signal de différence pour au moins une paire d’électrodes
correspondant a un état non-confusionnel.

Procédé selon la revendication 2, dans lequel le seuil est situé dans une plage d’une valeur IQR supérieure de la
distribution de non-état confusionnel et d’'une valeur d’IQR inférieure de la distribution d’état confusionnel.

Procédé selon la revendication 3, dans lequel le seuil associé a 'emplacement de paires d’électrodes sur ou prés
de F8-Pz est situé dans une plage de 0,26 - 0,47.

Procédeé selon I'une quelconque des revendications précédentes, dans lequel le seuil pour 'emplacement de paire
d’électrodes sur ou pres de F8-Pz est égal a 0,3757.

Procédé selon I'une quelconque des revendications précédentes, comprenant en outre :

- la détermination du rapport a différents moments ;
- 'établissement d’une tendance dans le rapport.

Procédé selon l'une quelconque des revendications précédentes, dans lequel la bande delta a une plage de fré-
quences de 0,5 - 4 Hz.

Procédé selon I'une quelconque des revendications précédentes, dans lequel la puissance de spectre totale du
signal de différence est située dans une plage de fréquences de 0,5 - 30 Hz.

Systeme de détermination d’un parametre qui indique si un patient est en état confusionnel ou non, ou risque d’étre
en état confusionnel ou non, dans lequel le systeme comprend :

- des moyens de saisie pour enregistrer des signaux représentant I'activité cérébrale a partir d’au moins deux
électrodes situées sur des emplacements différents sur le scalp du patient ;

- des moyens de traitement agencés pour déterminer un signal de différence a partir d’'un premier signal d’en-
registrement a partir d’'une électrode et d’'un second signal d’enregistrement a partir d’'une autre électrode, dans
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lequel les aux moins deux électrodes sont sélectionnées a partir d’'un groupe de paires d’électrodes situées en
des emplacements ou prés d’emplacements sélectionnés parmi un groupe d’emplacements de paires d’élec-
trodes comprenant F8-Pz, F8-P3, F8-02, Fp2-O1, F8-F4, F8-O1, F8-Cz, F8-C3, Fp2-Pz, Cz-O1, selon le sys-
téeme d’EEG 10-20 étendu,

- des moyens d’analyse agencés pour :

i) déterminer le parametre comme étant le rapport d’une puissance spectrale du signal de différence dans
une bande delta par rapport a une puissance de spectre totale ;

ii) comparer le rapport avec un premier seuil, dans lequel le premier seuil est dépendant de 'emplacement
de la paire d’électrodes sélectionnée.

Systeme selon la revendication 9, dans lequel le moyen de traitement est en outre agencé pour déterminer une
distribution statistique pour le rapport a partir du signal de différence pour au moins une paire d’électrodes corres-
pondant a un état confusionnel et déterminer une distribution statistique pour le rapport a partir du signal de différence
pour au moins une paire d’électrodes correspondant a un état non-confusionnel.

Systeme selon la revendication 10, dans lequel le seuil est situé dans une plage d’'une valeur IQR supérieure de la
distribution de non-état confusionnel et d’'une valeur d’IQR inférieure de la distribution d’état confusionnel.

Systeme selon la revendication 11, dans lequel le seuil associé a 'emplacement de paires d’électrodes sur ou prés
de F8-Pz est situé dans une plage de 0,26 - 0,47.

Systeme selon I'une quelconque des revendications 9 - 12, dans lequel le seuil pour 'emplacement de paire d’élec-
trodes sur ou prés de F8-Pz est égal a 0,3757.

Systeme selon I'une quelconque des revendications 9 - 13, dans lequel le moyen de traitement est en outre agencé
pour :

- déterminer le rapport a différents moments ;
- établir une tendance dans le rapport.

Systeme selon 'une quelconque des revendications 9 - 14, dans lequel la bande delta a une plage de fréquences

de 0,5 - 4 Hz, et dans lequel la puissance de spectre totale du signal de différence est située dans une plage de
fréquences de 0,5 - 30 Hz.
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EEG analysis
Separate for eyes open and eyes closed

Goal:

Select combination of best EEG deviation and characteristic |

l

Step 1: Combine all electrodes to create all possible bipolar
deviations:

-210 Deviations for eyes closed

-90 deviations for eyes open

Step 2: Determine 6 EEG characteristics per deviation:
-relative power of &

-relative power of 8

-relative power of a

-relative power of B

-peak frequency

-slow-fast ratio

l

Step 3: Calculate for every combination of EEG deviation and |

EEG characteristic the p value:
for comparison delirium versus non-delirium

|

Step 4: Rank combinations according to ascending p-value

|

Result: Highest rank represents combinations with best EEG
deviation and characteristic
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