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(57) Sammendrag:
A system and method for detecting and analysing the characteristics of seizures, such
as tonic-clonic seizures, comprising at least one processor unit (3) capable of recording
a signal (5) from a sensor unit (3), one or more analysis modules (6, 8) configured
to analyse the recorded signal (5), one or more evaluation modules (10) configured to
evaluate the output signals (9) from the analysis modules (6, 8). A first analysis module
(8a) is configured to analyse the recorded signal (7a) within a first frequency band
(BHF), and a second analysis module (8b) is configured to analyse the recorded signal
(7b) within a second frequency band (BLF), and the evaluation module (10) is configured
to calculate the ratio (HF/LF) between the two output signals (9a, 9b) from the
analysis modules (8a, 8b). The system comprises a seizure detection module (21) configured
to detect a seizure and a time-point extraction module (11) configured to determine
at least one starting point (T0, T2) and an end point (T3) of the seizure.
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Method and system of detecting seizures

Field of the Invention

The present invention relates to a system for detecting seizures, such as tonic-clonic
seizures, comprising:

- at least one processor unit capable of recording an electromyographic signal from a
sensor unit,

- one or more analysis modules configured to analyse the recorded signal, and

- one or more evaluation modules configured to evaluate the output signals from the

analysis modules.

The present invention further relates to a method of analysing the dynamics of a sei-
zure, such as tonic-clonic seizures, comprising the steps:

- recording an electromyographic signal from a sensor unit,

- analysing the recorded signal using one or more analysis modules, and

- evaluating the output signal using one or more evaluation modules.

Background of the Invention

It is well known to analyse abnormal biomedical events, such as seizures, in order to
determine the characteristics of the seizure which may then be used to detect or identi-
fy another seizure or other similar seizures. This method is particular relevant when

detecting or predicting the onset of seizures.

Today, people suffering from seizures occurring from abnormal neuronal activities,
such as epileptic seizures, need to be admitted to special clinics or hospitals where the
medical staffs, such as primary caregivers, doctors or neurologists, are able to analyse,
manage and classify the seizures. Once admitted, seizures are often detected and rec-
orded by using multiple signal processing means, e.g. video-EEG, CT- and MRI-
scanning, EEG and CT/MRI-scanning, motion detection or other signal processing

means. This process is not only very time consuming, but also requires a lot of data
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analysis either automatically or manually in order to determine the characteristics of
the seizure.

Generalised tonic-clonic seizures (also called GTCS or GTC seizures) are the most
common afebrile seizure type in the general population and also the most dramatic of
all seizures. However, the underlying pathophysiologic mechanisms (dynamics) are
not yet fully elucidated since it is obscured by artefacts. Most of the data come from
in-vitro studies or animal models (see Zifkin and Dravet, 2008). The in-vivo human
data on the electrophysiology of the GTCS are mainly based on EEG recordings in the
19501es from patients who were curarised (to avoid artefacts) and had GTCS induced
by administration of pro-convulsive drugs such as pentetrazol or bemegride (see

Ajmone-Marsan and Raltson, 1957, and Gastaut and Broughton, 1972).

GTC seizures are commonly divided into a tonic phase and a clonic phase and the
whole seizure period often lasts no more than a few minutes. Muscles are at the end of
the common final neural pathway involved in the GTCS, and surface electromyogra-
phy (SEMG) signals provide valuable information at a high temporal resolution. A
previous study (see Conradsen et al., 2011) has shown that the quantitative SEMG
parameters calculated for the whole seizure period differed significantly among a

GTCS, a tonic seizure and a voluntary activation acted by healthy controls.

Today the start-points and stop-points of the seizure period and of the different phases
occurring in the seizure period are often determined manually by the person(s) analys-
ing the signals. This leads to some uncertainty about the precise start- and stop-point

for each phase and the length (period) of the seizure.

Object of the Invention
It is an object of the invention to provide a system and method capable of analysing

the dynamics of tonic-clonic seizures.

It is an object of the invention to provide a system and method capable of determining

the length of the whole seizure period.

It is an object of the invention to provide a system and method capable of detecting

the start point and the end point of the seizure.
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It is an object of the invention to provide a system and method capable of detecting

GTC seizures.

Description of the Invention

As mentioned above, the invention relates to a system for detecting seizures, such as
tonic-clonic seizures, characterised in that:

- a first analysis module is configured to analyse the recorded signal within a first fre-
quency band of 32-512 Hz, and a second analysis module is configured to analyse the
recorded signal within a second frequency band of 2-16 Hz, and

- the evaluation module is configured to calculate a ratio between a first output signal

of the first analysis module and a second output signal of the second analysis module.

This enables the characteristics and thereby the dynamics of the seizure to be deter-
mined automatically without requiring a visual inspection each time, since studies
have shown that the power characteristics of the tonic phase and the clonic phase are
mainly located in two different frequency bands: a low frequency band and a high
frequency band. The power generated in the tonic phase and in the clonic phase may
then be extracted using different frequency bands, thus allowing the dynamics of each
phase to be analysed separately or in relation to each other. The ratio between the
power of the low and high frequency bands of the electromyographic signal provides
the best way to determine the dynamics of the seizure. Thereby, providing a system
capable of analysing the dynamics of a seizure after a seizure has occurred, but also

detecting a seizure.

According to a specific embodiment of the invention, a seizure detection module is
configured to compare the ratio to a first threshold value and to generate an event sig-
nal if the ratio exceeds the first threshold value. According to a further specific em-
bodiment, the seizure detection module is configured to further compare one of the
output signals to a second threshold value and to generate the event signal if the out-

put signal exceeds the second threshold value.

This enables the system to detect a seizure, in particular a tonic-clonic seizure, by
simply analysing the power ratio within the two frequency bands. The number of false

positives may be further reduced by also checking that the power of the high frequen-
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cy is above a certain level since this type of seizures is known to have a high amount
of power in this frequency band. This reduces the need for measuring multiple signals
in order to detect a seizure with a low false positive detection rate.

According to one embodiment of the invention, a time-point extraction module is con-
figured to compare one of the output signals to a third threshold value and to deter-
mine a starting point of a phase in the detected seizure based on the third threshold
value. According to a specific embodiment of the invention, the time-point extraction
module is further configured to apply a zero-crossing function to the other one of the
output signals and to count the number of crossings within a predetermined time win-
dow. According to another specific embodiment of the invention, the time-point ex-
traction module is configured to compare the count to a fourth threshold value and to
determine at least one time point of the detected seizure based on the fourth threshold

value.

This enables the length of the whole seizure and the different phases to be determined
automatically without requiring a visual inspection each time, thereby providing a
standardized method for detecting the starting point and the end point and thereby the
length (time period) of the seizure. By counting the number of crossing, preferably the
number of the crossings with a hysteresis, in the high frequency band, the starting
point and the end point of the seizure may be determined in a relative simple and ef-
fective manner. The end point of the tonic phase and thus the starting point of the
clonic phase may likewise be determined in a simple and effective manner by using
the low frequency band. By using one of the frequency bands with either the other
frequency band or the ratio, the time points may be determined in a more accurate
manner. Instead of or in addition, one might count the number of crossing, preferably
the number of the crossings with a hysteresis, in the high frequency band which could

be used to determine one or more of the time points.

According to one embodiment of the invention, a third analysis module is configured
to calculate an averaged signal within a predetermined time window, and where a sec-
ond evaluation module is configured to calculate the slope of the averaged signal dur-

ing the beginning of the seizure.
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Studies have shown that the initialisation of a tonic-clonic seizure begins with a grad-
ually increase in power during the tonic phase which may be described by the slope.
This parameter along with other calculated parameters might be used in difficult cases
to distinguish between an epileptic seizure (e.g. a GTC seizure) and a PNES (psycho-

genic non-epileptic seizure).

According to one embodiment of the invention, a fourth analysis module is configured
to apply Fourier transformation function to the recorded signal, and where a third
evaluation module is configured to calculate the median frequency for a predeter-

mined time window based on the transformed signal.

These median frequencies may be used to generate a power density spectrogram for

the electromyographic signal.

According to one embodiment of the invention, a fifth analysis module is configured
to determine the coherence between two simultaneous oscillatory activities in a first

recorded signal and a second recorded signal.

This coherence may be used to describe the dynamics of the energy in electromyo-
graphic signals in the clonic phase as well as the energy of each clonic discharge
burst. By using a timer, counter, and a peak detector, the amount of energy in the
bursts and the number of clonic discharge bursts may be determined, as well as the

number of silent periods between the discharge bursts.

According to one embodiment of the invention, the processor unit is configured to
receive a control signal from a unit configured to detect a seizure, and where the pro-
cessor unit is configured to record the sensed signal for a predetermined time period at
least after receiving the control signal. According to a specific embodiment of the in-
vention, the time-point extraction module is configured to determine at least the length

of the seizure based on the recorded signal.

This allows the system to only record/log data for about four minutes (two minutes
prior and two minutes after a seizure is detected). In one embodiment, the system only

records/logs data for about two minutes after the seizure is detected. This reduces the
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amount of data that needs to be recorded and analysed, thus reducing the energy con-
sumption in the processor unit. By only logging/recording a limited amount of data,
the system may be implemented in a small portable device which is powered by bat-

teries and is capable of being fixed to the body of a user.

Studies have shown that there is an inverse relationship between the length of one part
of the tonic phase and the length of the clonic phase which may be described by using
a linear or non-linear function. This relationship may be used to calculate the length of
the entire seizure, in particular in systems which only records/logs data after a seizure
has been detected. The length of the tonic phase may be determined based on the
length of the clonic phase since the length of the other part of the tonic phase is sub-
stantially the same for all seizures, thereby allowing the length of the seizure to be

calculated even when the entire seizure period has not been recorded.

As mentioned above the invention also relates to a method of analysing the dynamics
of a seizure, such as a tonic-clonic seizure, characterised in that:

- the recorded signal is filtered and analysed within a first frequency band of 32-512
Hz and a second frequency band of 2-16 Hz to generate a first and a second output
signal, and

- the two output signals are evaluated by calculating a ratio between the first output

signal and the second output signal.

This provides a method for determining the characteristics and thus the dynamics of
the seizure without requiring a visual inspection each time, since studies have shown
that the power characteristics of the tonic phase and the clonic phase are mainly locat-
ed in two different frequency bands: a low frequency band and a high frequency band.
This method allows the power generated in the tonic phase and in the clonic phase to
be extracted using different frequency bands, thus allowing the dynamics of each
phase to be analysed separately or in relation to each other. The power in the different
frequency bands may also be used to detect a seizure, e.g. the onset of a seizure. This
enables the method to be implemented as a seizure detection algorithm and/or a sei-
zure analysing algorithm suitable for a small battery powered portable device located

on Oor near a user.
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As mentioned earlier, the ratio is particularly suited for comparison with a first thresh-
old value for generation of an event signal should the ratio exceed the first threshold

value.

The algorithm is thus suitable for use as a seizure detection algorithm capable of the
detecting a seizure, particularly the onset of a seizure, by simply analysing the ratio
between the power generated in the high and low frequency bands. The number of
false positives may be further reduced by ensuring that the value of another parameter
also exceeds another threshold value. This parameter may be an averaged value of the
power in the high frequency band or in the entire frequency range of the sensed signal
since GTC seizures are known to have high RMS values. This configuration allows
the algorithm not only to detect seizures, but also to analyse the dynamics of a detect-

ed seizure.

According to another specific embodiment of the invention, at least one starting point
and an end point is determined based on the two output signals, and that each output
signal is at least compared to a threshold value for determining the starting point or

the end point.

This allows the algorithm to determine the length of the whole seizure as well as the
length of the different phases in the seizure in a standardised manner, thereby elimi-
nating the need for a visual analysis of the signal. These time points may then be used
to determine the dynamics of the seizure in combination with other parameters calcu-

lated or extracted from the sensed signal.

According to one particular use of the invention, the algorithm is very suitably for
detecting and/or analysing the characteristics of seizures having a tonic phase and a

clonic phase.

Description of the Drawing
An embodiment of the invention will now be described by way of example only and

with reference to the accompanying drawings, in which:
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Fig. 1 shows a block diagram of one embodiment of the system according to the
invention,

Fig. 2a-b show the sensed signal over the entire frequency range and in a high fre-
quency band and a low frequency band,

Fig.3  shows a transformed signal for the high frequency band and the low fre-
quency band,

Fig.4  shows the ratio between the two signals shown in fig. 3,

Fig.5  shows another embodiment of the system according to the invention,

Fig. 6 shows the counts of zero-crossings of the high frequency band shown in fig.
3,

Fig.7  shows an average signal of the sensed signal over the entire frequency
range,

Fig. 8  shows the median frequencies of the sensed signal, and

Fig. 9  shows the mean coherence of the sensed signal.

In the following text, the figures will be described one by one and the different parts
and positions seen in the figures will be numbered with the same numbers in the dif-
ferent figures. Not all parts and positions indicated in a specific figure will necessarily

be discussed together with that figure.

Detailed Description of the Invention

Fig. 1 shows one embodiment of the invention where the system 1 comprises one or
more sensor units 2 mounted or fixed to the body of a subject, e.g. a subject suffering
from seizures caused by various abnormal neurological activities, such as epilepsy.
The sensor unit 2 is configured to measure an electromyographic (EMG) signal gener-
ated in the body of the subject. The sensor unit 2 may comprise a number of surface
electrodes arranged at strategic positions on the surface of one or more muscles or
arranged in or near an outer surface of a sensor housing (not shown) which is config-
ured to lie against the surface of a muscle and to be mounted or fixed to the muscle.
The sensor unit 2 is connected to a processor unit 3 and transmits the sensed signal to
the processor unit 3 via a wired or wireless connection. The sensor unit 2 may com-
prise processing means, €.g. filter means, amplifiers and bias circuit for performing an

initial processing of the sensed signal before transmittal.
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The processor unit 3 is configured to store and analyse the sensed signal from the sen-
sor unit 2 and to determine a number of parameters characterising the dynamics of the
seizure. The processor unit 3 may comprise a sampling module 4 configured to sam-
ple, e.g. oversample, the sensed signal at a predetermined sampling frequency. The
sampling module 4 may comprise means for filtering out unwanted frequencies and/or
biasing the sensed signal, e.g. an anti-aliasing filter. In a preferred embodiment, the
sensed signal is filtered using an anti-aliasing filter having a frequency band of 2-512

Hz or alternatively an LP-filter and an HP-filter with said cut-off frequencies.

The sampled signal 5 is then processed using a number of time windows Tw having a
predetermined width N. The time windows Tw may be overlapped with a predeter-
mined overlap M. In a preferred embodiment, the sampled signal is processed using at
least one time window Tw of 0.2-4 sec. which overlaps the next time window with an

overlap M of 10-90%.

The sampled signal 5, shown in fig. 2a, is then transmitted to one or more filter mod-
ules 6a, 6b configured to filter out the sensed signal within different frequency bands.
The bandwidth of each frequency band may be determined according to one or more
criteria defining a characterising pattern for one or more of the phases in the seizure.
In one embodiment, a first filter module 6a is configured to filter out the sensed signal
within a high frequency band Byr since this band comprises the majority of the char-
acteristics in power (amplitudes) for a tonic-clonic seizure (an epileptic seizure) com-
pared to the same recorded signal not containing a seizure. A second filter module 6b
is configured to filter out the sensed signal within a low frequency band By r since this
band comprises a characterising pattern for the power (amplitudes) of the tonic phase.
In a preferred embodiment, the high frequency band Byr has a frequency band of 32-
512 Hz, preferably 64-256 Hz, and the low frequency band Bir has a frequency band
of 2-16 Hz, preferably 2-8 Hz. Fig. 2b shows the filtered signal 7 in the high frequen-
cy band Byr (black) and in the low frequency band By (grey).

The filtered signal 7a, 7b is then transmitted to one or more analysis modules 8a, 8b
configured to calculate one or more parameters which are later used to determine the
dynamics of the seizure. The analysis module 8 is configured to analyse the power

(amplitude) of the sensed signal within each frequency band Byg, Bur. The analysis
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module 8 uses a wavelet, a Fourier, a chirplet or another suitable transformation func-
tion to determine the power content within each frequency band. The analysis module
8 may comprise a rectifying sub-module (not shown) connected to a smoothing sub-
module (not shown) configured to generate a transformed output signal 9, as shown in
fig. 3. In a preferred embodiment, the filtered signal 7 is processed using a time win-
dow Tw of 2 sec. Each time window may overlap the next time window with 50%. In
another preferred embodiment, the filtered signal 7 is processed using a time window

Tw of 0.5 sec. Each time window may overlap the next time window with 50%.

The two transformed signals 9a, 9b are then transmitted to an evaluation module 10
configured to calculate the ratio HF/LF between the signals for the two frequency
bands Byp, Bur, as shown in fig. 4. The evaluation module 10 may be configured to
use any known means or functions to compare the value of the high frequency band

Buyr to the value of the low frequency band By r.

In one embodiment, the sensed signal from the sensor unit 2 is filtered into the differ-
ent frequency bands before being sampled by sampling module 4, similar to the em-
bodiment shown in fig. 5. In this embodiment, the filter modules 6a, 6b are connected
directly to the sensor unit 2 and are configured to filter the sensed signal into the dif-
ferent frequency bands, such as bands By and Byr. The filtered signals 7a, 7b are then
each transmitted to a sampling module 4°, 4’” configured to sample, e.g. oversample,
the filtered signals 7a, 7b. The sampled signals are then transmitted to the analysis
modules 8 which may comprise a rectification sub-module and a smoothing sub-
module. The transformed signals 9 are then transmitted to the evaluation module 10.
In this embodiment, the sensed signal may also be transmitted to the sampling module
4 so that the entire frequency band B may be analysed using the other modules 12, 14,
15, 17, 18, 20.

The ratio HF/LF, shown in fig. 4, is then transmitted to a time-point extraction module
11 configured to at least determine the starting point Ty and end point T3 of the rec-
orded seizure. In one embodiment, the transformed signals 9a, 9b is transmitted to the
extraction module 11 instead of or in addition to the ratio HF/LF. The extraction mod-
ule 11 is configured to compare the transformed signal 9b of the low frequency band

Bir to a first threshold value for determining the starting point T, of the clonic phase.
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The time point T, is defined as the time where the transformed signal 9b exceeds the
first threshold value after the time point of the peak of the ratio. This time point also
defines the end of the tonic phase. The first threshold value may be determined based
on the value Precora 0f the ratio HF/LF at the time Tiecora Of detecting the seizure. The
time point of the maximum value of the ratio HF/LF may be used to determine the
time point T, since the time point of the maximum value of the ratio HF/LF occurs

before time point T,.

The extraction module 11 is configured to count the number of zero-crossings of the
transformed signal 9a of the high frequency band Byr in a predetermined interval
(time window), as shown in fig. 6. In a preferred embodiment, the time window is 20-
1024 samples (or about 0.02-1 sec.), preferably 100 samples (or about 0.1 sec.). Each
time window may overlap the next time window with 50-90%, preferably 75%. The
extraction module 11 may be configured to count the number of crossings with a pre-
determined hysteresis, e.g. of £25-75 uV, preferably £50 V. The extraction module
11 then compares the counts with a second threshold value for determining the end
point T3 of the clonic phase. This time point also defines the end of the seizure. The
end point T; of the clonic phase is in a preferred embodiment defined as the end of the
last clonic discharge (CD) burst having a count of 10 or more. The last CD-burst nor-

mally occurs within about 90 sec. after the seizure has been detected.

The starting point To may be determined by the extraction module 11 by comparing
the counts, shown in fig. 6, to a third threshold value or alternatively the second
threshold value used to determine the end point Ts. The starting point Ty of the tonic
phase may be defined as the start of the first burst having a count of 10 or more. The

first burst within the seizure occurs about 30 sec. or less before the seizure is detected.

The processor unit 3 may be configured to limit the recording of data from the sensor
unit 1 to about two minutes before and after the detection Trecora Of @ seizure according
to a first embodiment of the invention in order to record the whole seizure period
(length). The processor unit 3 may in a second embodiment be configured to only rec-
ord data from the sensor unit 2 for about two minutes after the detection Tiecora Of a

seizure, as described later. The seizure detection may be performed by the processor
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unit 3 via a seizure detection algorithm implemented in the processor unit 3 or in a

second processor unit connected to the processor unit 3.

Based on the determined time points Ty, T> and Ts, the extraction module 11 is con-
figured to calculate the length (time period) of the seizure and the different phases
respectively. The processor unit 3 may be connected to a central server/unit or exter-
nal device (not shown) via a wired or wireless connection and may transmit the time
points Ty, T, T3 and the lengths to the central server/unit or the external device for
further analysis. The corresponding time points To, T, and T; determined by visual

inspection are marked with solid lines in figs. 2 and 7-9.

The processor unit 3 may comprise a second analysis module 12 configured to calcu-
late an averaged signal 13, as shown in fig. 7, for the sensed signal within a predeter-
mined time window. The second analysis module may be configured to apply a root
mean square (RMS) function to the sampled signal 5. The second analysis module
may alternatively comprise a rectifying sub-module connected to a smoothing sub-
module configured to generate the averaged signal 13. In a preferred embodiment, the
sensed signal is processed using a time window of 1 sec. Each time window overlaps
the next time window with 50%. Alternatively, this module 12 may be omitted and the

sampled signal 5 may be transmitted directly to a second evaluation module 14.

The averaged signal 13 is then transmitted to the second evaluation module 14 config-
ured to calculate the slope 14a of the averaged signal during the beginning of the sei-
zure (the tonic phase). The slope 14 is shown in fig. 7. The second evaluation module
14 determines a time point Ty, and a corresponding value for the signal 13 at the
beginning of the seizure and a time point Tpeax and a corresponding value for the sig-
nal 13 at the peak of the transmitted signal. The slope 14 is then determined using a
linear interpolation between the two reference points. These two time points may dif-
fer from the starting point Ty and the time point Trecora. The time point Thegin for the
beginning may be determined as the time point where the value of the averaged signal
13 starts to increase. In a preferred embodiment, the time point Tpeax for the peak value
1s determined as the time point of the maximum value of the ratio HF/LF. The value
for the slope 14 may then be transmitted to the central server/unit or the external de-

vice.
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The processor unit 3 may comprise a third analysis module 15 configured to apply a
Fourier transformation function to the sensed signal within a predetermined time win-
dow (epoch). The transformed signal 16 is then transmitted to a third evaluation mod-
ule 17 configured to calculate the median frequency for each time window, as shown
in fig. 8. The median frequency is defined as the frequency which divides the magni-
tude spectrum within each time window into two parts of equal sizes (equal areas un-
der the curve). A smoothing sub-module (not shown) may then be applied to the sig-
nal for minimising segmentation errors. In a preferred embodiment, the sensed signal
is processed using a time window of 250 ms. Each time window overlaps the next
time window with 50%. The median frequencies may then be transmitted to the cen-

tral server/unit or the external device.

The processor unit 3 may comprise a fourth analysis module 18 configured to deter-
mine the coherence between two simultaneous oscillatory activities (a measure for the
correlation in the frequency domain). The coherence may be determined based on a
first recorded signal, e.g. from a right side muscle, and a second recorded signal, e.g.
from a left side muscle. The fourth analysis module 18 may be configured to deter-
mine the coherence between a selected activity and an adjacent activity on the left side
and on the right side respectively (see Conradsen et al., 2011, which is incorporated
by reference). A mean coherence may then be calculated for a predetermined time
window, as shown in fig. 9, using an averaging sub-module (not shown). In a pre-
ferred embodiment, the sensed signal is processed using a time window of 1 sec. Each

time window overlaps the next time window with 50%.

The value for the coherence 19 may be transmitted to an energy calculation module 20
configured to calculate the energy of the seizure and/or the dynamics of the energy of
the seizure. The calculation module 20 may comprise timers, counters and peak detec-
tors which are configured to detect the peak values, the durations (lengths) and the
number of the bursts in the seizure, e.g. in the clonic phase. These parameters may

then be transmitted to the central server/unit or the external device.

In the second embodiment of the invention, the previously described time points To,
T,, Ts and lengths of the different phases in the seizure may be determined based on

data recorded after a seizure has been detected (marked by dotted lines in fig. 2a). The
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system may in this embodiment be configured to record data from the sensor unit 2 for

about two minutes after a seizure has been detected.

In this embodiment, data from the sensor unit 2 is not recorded by the processor unit 3
until after a seizure has been detected Tiecora by a seizure detection algorithm. This
means that data for the entire seizure period is not recorded, leaving parts of the tonic

phase unrecorded.

Studies have shown that the length of part of the tonic phase is constant or substantial-
ly constant during the detected GTC seizures. These studies have also indicated an
inverse-proportional relationship between the length of the other part of the tonic
phase and the length of the clonic phase. According to the studies, a short tonic phase

was followed by a long clonic phase and vise-versa.

In a simple embodiment, this relationship may be described using a linear function
(model) which may be implemented in the extraction module 11, thereby allowing the
length of the tonic phase to be based on the length of the clonic phase, or vise-versa.
The time point Ty or T5 may be determined using the constant period T;-T, and the
relationship between time periods (lengths) To-T; and T,-T5. Time point T; defines an
intermediate time point in the tonic phase used in the subsequent calculations. The
extraction module 11 is then able to calculate the length of each phase and thus the
length of the seizure based on the recorded data. Other non-linear functions may be
used to describe the relationship between time periods To-T; and T»-Ts. This relation-
ship may also be used to calculate the time points Ty and/or Ts even if the whole sei-
zure period has been recorded, as described in the first embodiment of the invention.

In a third embodiment of the invention, a seizure detection algorithm (not shown) may
be configured to detect a seizure, e.g. the onset of a seizure, based on the calculated
ratio HF/LF. In one embodiment, the seizure detection algorithm is implemented in
the processor unit 3 where the ratio HF/LF calculated by the evaluation module 10 is
transmitted to a seizure detection module 21, as shown in fig. 1. The seizure detection
module 21 is configured to compare the ratio HF/LEF with a fourth threshold value for
detecting the seizure, e.g. the onset of the seizure. The seizure detection module 21
then generates an event signal 22, e.g. an alarm signal, if the ratio HF/LF ex-

ceeds/crosses the fourth threshold value. The fourth threshold value may be deter-
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mined based on the value P 4. The seizure detection module 21 may be configured
to further compare at least one of the signals 9, 13, 16, 19, e.g. the transformed signal
9a of the high frequency band Byr or the averaged signal 13, to a fifth threshold be-
fore generating the event signal. The transformed signal 9a of the high frequency band
Bur may be averaged, e.g. rectified and smoothed, before being transmitted to the sei-
zure detection module 21. If the ratio HF/LF and the other signal, e.g. signal 9a, ex-
ceed/are above the fourth and fifth threshold values respectively, then the event signal
is generated. The event signal may be transmitted to an alarm unit (not shown), the
central server/unit or the external device. The event signal may activate the recording

of the signal from the sensor unit 2, as described above.

In another embodiment, the seizure detection algorithm described above may instead
be implemented in a seizure detection unit, e.g. a second processor unit 3’°, as shown
in fig. 5, where the generated event signal 22 may activate the seizure analysis algo-
rithm/unit, shown in fig. 1. Fig. 5 shows a simplified embodiment of the seizure detec-
tion unit where only the filter modules 6, the sampling modules 4’, 4°” and analysis
modules 8 are shown. The sensed signal may be filtered 7a, 7b before or after being
sampled 5°, 57, as described above. The sampling modules 4°, 4’” are configured to
sample the sensed signal within the frequency bands Bir and Byp. The second proces-
sor unit 3’ may then transmit the event signal 22 generated by the seizure detection
module 21 to the processor unit 3. The event signal 22 then activates the seizure anal-
ysis algorithm/unit which may comprise all the modules 4-20 or only modules 4 and
11-20. The second processor unit 3’ may further transmit one or more of the signals
generated by the modules 6, 8 and 10, e.g. the ratio HF/LF and the transformed signal

9a, to the respective modules in the processor unit 3.
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Patentkrav

1. System til detektering af anfald, sdsom tonisk-kloniske anfald, omfattende:

- mindst en processorenhed (3, 3”), som er i stand til at registrere et elektromyografisk
signal (5) fra en fglerenhed (2),

- et eller flere analysemoduler (6, 8) konfigureret til at analysere det registrerede sig-
nal (5),

- et eller flere evalueringsmoduler (10) konfigureret til at evaluere udgangssignalerne
(9) fra analysemodulerne (6, 8),

kendetegnet ved, at

- et fgrste analysemodul (8a) er konfigureret til at analysere det registrerede signal
(7a) indenfor et fgrste frekvensband (Byr) pa 32-512 Hz, og et andet analysemodul
(8b) er konfigureret til at analysere det registrerede signal (7b) indenfor et andet frek-
vensband (Bry) pa 2-16 Hz, og

- evalueringsmodulet (10) er konfigureret til at beregne et forhold (HF/LF) mellem
det fgrste udgangssignal (9a) fra det fgrste analysemodul (8a) og et andet udgangssig-
nal (9b) fra det andet analysemodul (8b).

2. System ifplge krav 1, hvori et anfaldsdetekteringsmodul (21) er konfigureret til at
sammenligne forholdet (HF/LF) med en fgrste terskelvaerdi og generere et begiven-

hedssignal (22), hvis forholdet (HF/LF) overstiger den fgrste terskelvardi.

3. System ifglge krav 2, hvori anfaldsdetekteringsmodulet (21) er konfigureret til
yderligere at sammenligne et af udgangssignalerne (9) med en anden terskelverdi og
generere begivenhedssignalet (22), hvis udgangssignalet (9) overstiger den anden ter-

skelveerdi.

4. System ifglge ethvert af krav 1-3, hvori et tidspunkt-ekstraktionsmodul (11) er kon-
figureret til at sammenligne et af udgangssignalerne (9) med en tredje terskelvardi og
bestemme et startpunkt (T,) af en fase i det detekterede anfald baseret pa den tredje

terskelveerdi.
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5. System ifplge krav 4, hvori tidspunkt-ekstraktionsmodulet (11) yderligere er konfi-
gureret til at anvende en nulkrydsningsfunktion pa det andet af udgangssignalerne (9)

og teelle antal krydsninger indenfor et forudbestemt tidsvindue.

6. System ifglge krav 5, hvori tidspunkt-ekstraktionsmodulet (11) konfigureret til at
sammenligne optzllingen med en fjerde terskelverdi og bestemme mindst et tids-

punkt (T4, T3) for det detekterede anfald baseret pa den fjerde terskelvaerdi.

7. System ifplge ethvert af krav 1-6, hvori et tredje analysemodul (12) er konfigureret
til at beregne et gennemsnitligt signal (13) indenfor et andet forudbestemt tidsvindue,
og hvor et andet evalueringsmodul (14) er konfigureret til at beregne hzldningen af

det gennemsnitlige signal (13) under anfaldets begyndelse.

8. System ifglge ethvert af krav 1-7, hvori et fjerde analysemodul (15) er konfigureret
til at anvende en Fouriertransformation pa det registrerede signal (5), og hvor et tredje
evalueringsmodul (17) er konfigureret til at beregne medianfrekvensen indenfor et

tredje forudbestemt tidsvindue baseret pd det transformerede signal (16).

9. System ifglge ethvert af krav 1-8, hvori et femte analysemodul (18) er konfigureret
til at bestemme koh@rensen mellem to samtidige, oscillerende aktiviteter i1 et fgrste

registreret signal og et andet registreret signal.

10. System ifplge ethvert af krav 1-9, hvori processorenheden (3) er konfigureret til at
modtage et styresignal (22) fra en enhed (3”) konfigureret til at detektere et anfald, og
hvor processorenheden (3) er konfigureret til at registrere det fglte signal over en for-

udbestemt tidsperiode 1 det mindste efter modtagelse af styresignalet (22).

11. System ifglge krav 10, hvori tidspunkt-ekstraktionsmodulet (11) er konfigureret til

at bestemme mindst lengden af anfaldet baseret pa det registrerede signal (5).

12. Fremgangsmade til analysering af dynamikken i et anfald, sasom tonisk-kloniske
anfald, omfattende trinene:

- registrering af et elektromyografisk signal (5) fra en fglerenhed (2),
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- analysering af det registrerede signal (5) under anvendelse af et eller flere analyse-
moduler (6, 8),

- evaluering af udgangssignalet (9) under anvendelse af et eller flere analysemoduler
(6, 8),

kendetegnet ved, at

- det registrerede signal (5) filtreres og analyseres (9a, 9b) indenfor et fgrste frekvens-
béand (Bur) pa 32-512 Hz og et andet frekvensband (Byr) pa 2-16 Hz for at generere et
forste og et andet udgangssignal, og

- de to udgangssignaler (9a, 9b) evaluereres ved beregning af et forhold (HF/LF) mel-
lem det fgrste udgangssignal (9a) og det andet udgangssignal (9b).
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