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(57) ABSTRACT

A method and system for detecting a probability of psycho-
genic non-epileptic seizures comprising a portable battery
powered device placed on the body of a patient and means
for manually logging detected seizures within a time period.
The device may advantagely comprise a seizure detection
algorithm which automatically records seizures detected
within that time period. The two sets of data may then be
transferred to a second device where the logged time stamps
are matched to the recorded time stamps for determining if
the detected seizure is a GTCS or might be a PNES. This
provides a cheap and simple method for registering a
probability of PNES by using a seizure detection device
comprising an EMG-sensor or an accelerometer.
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METHOD OF INDICATING THE
PROBABILITY OF PSYCHOGENIC
NON-EPILEPTIC SEIZURES

FIELD OF THE INVENTION

[0001] The present invention relates to a method of indi-
cating the probability of non-epileptic seizures, such as
psychogenic non-epileptic seizures, wherein the method
comprises the steps:

[0002] automatically recording data on a patient by
means of a first device placed on the body of the
patient, wherein at least one sensor unit in the device
measures at least one parameter on the body of the
patient, and wherein the data is recorded over a prede-
termined time period;

[0003] transmitting the data from the first device to a
computer unit for further analysis; and

[0004] manually logging data comprising at least a first
time stamp of at least one seizure within that time
period.

[0005] The present invention further relates to a system for
indicating the probability of non-epileptic seizures, such as
psychogenic non-epileptic seizures, comprising:

[0006] afirst device configured to be placed on the body
of a patient, wherein the first device comprises at least
one sensor unit configured to measure at least one
parameter on the body of the patient, wherein the first
device is configured to automatically record data over
a predetermined time period;

[0007] a computer unit configured to be coupled to the
first device and comprising data processing means
configured to analyse the recorded data; and

[0008] means for manually logging data comprising at
least a first time stamp of at least one seizure within that
time period.

BACKGROUND OF THE INVENTION

[0009] Today, seizures are a symptom for several diseases,
which may make it hard for the doctors to diagnose the
cause, especially due to the seizures resemblance with
epileptic seizures. In particular psychogenic non-epileptic
seizures (called PNES or NEAD) look very similar to
epileptic seizures. This means that patients are often misdi-
agnosed, and resent studies have indicated that up to one-
fourth of patients have been misdiagnosed. Correcting the
diagnosis often involves a time-consuming and costly pro-
cess. HEspecially. PNES similar to generalized tonic-clonic
epileptic seizures (called GTCS) are hard to distinguish from
actual GTCS without video and EEG (electroencephalo-
graph) recordings of the seizures.

[0010] Therefore, people suffering from PNES are often
admitted to special clinics or hospitals where the medical
staffs, such as physician, primary caregivers, doctors or
neurologists, are able to monitor and record such seizures in
order to determine the type of seizure and prepare a treat-
ment. Once admitted, the patient is often coupled to an
epilepsy monitoring unit (called an EMU) where seizures
may be recorded on video combined with EEG-measure-
ments. Such admissions in an EMU are very expensive and
may cost as much as DKK 60,000, and requires the patient
to be admitted for several hours or days in order to record a
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suitable amount of seizures. Provocative tests may be used
by the staff to trigger seizures, if the seizures do not occur
naturally during admission.

[0011] Today, video-EEG monitoring (called video-EEG)
is the gold standard for detecting epilepsy and PNES. Both
modalities are needed, and video monitoring alone does not
provide an accurate way of detecting seizures. The EEG
measurement involves the use a plurality of electrodes
attached to the brain of the patient which are then coupled
to a data logger or a data processing unit. Today, small
portable EEG-devices may be coupled to the electrodes so
that the patient is able to move around, but the multiple
electrodes still provides some discomfort for the patient and
increases the risk that one or more of the electrodes acci-
dently fall off or are pulled off. Video-EEG is also used for
verifying the accuracy (false detection rate) of seizure
detection systems, however they still require the patient to
be admitted and coupled to an EEG system.

[0012] The article “Can cortical silent period and motor
threshold be practical parameters in the comparison of
patients with generalized epilepsy and patients with psycho-
genic non-epileptic seizures?”, Ipekdal et al, Eur Neurol,
2013, discloses a method of distinguishing between a GTCS
and a PNES where the patients were coupled to an EEG-
device with a plurality of electrodes. The patients were
admitted to a hospital and magnetically stimulated in the
area controlling the ABP muscles of the brain by TMS. EMG
electrodes placed on the ABP muscles are used to regulate
the applied stimulate. The article teaches that cortical silent
periods in the recorded EEG-signals are prolonged for
patients with GTCS compared to patients with PNES. The
article does not teach or suggest that the amplitude of the
muscle activity may be used to detect PNES; since they
found no significant differences in the recorded motor
thresholds. This method requires patients to be admitted for
at least two days which presents a time-consuming and
costly process. The patients have to be subjected to a
stimulant in the TSM test which may lead to some discom-
fort for the patient, as mentioned in the article.

[0013] The article “Use of postictal respiratory pattern to
discriminate between convulsive psychogenic non-epileptic
seizures and generalized tonic-clonic seizures”, Rosemergy
et al., Epilepsy Behav., April 2013, discloses a method of
distinguishing between a GTCS and a PNES where the
patients were admitted to a hospital and coupled to a
video-monitoring unit. The postictal phase was then
recorded at each seizure. This article teaches that the pos-
tictal respiratory response (rate and pattern) is significantly
longer for patients with GTCS compared to patients with
PNES. As mentioned in the article, the patient needs to be
placed relative to the camera so that the respiratory response
can be recorded, which is not always possible. The patient
still needs to be admitted in order to get a proper video-
recording of the patient.

[0014] The article “Detection of generalized tonic-clonic
seizures by a wireless wrist accelerometer: a prospective,
multicenter study”, Beniczky et al., Epilepsia, April 2013,
pg. 58-61, discloses a wristband comprising a three-axis
accelerometer and a wireless Bluetooth module. A generic
seizure detection algorithm for detecting a GTCS is imple-
mented in the device and the recorded data is transmitted to
a control unit which then generates an alarm. This article
does not teach or suggest that the implemented algorithm
and the recorded acceleration data may be used to detect a
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PNES or other non-epileptic seizures. Furthermore, the
article does not teach or suggest how a GTCS may be
distinguished from a PNES.

[0015] US 2012/0116183 Al discloses a device for auto-
matically distinguishing between an epileptic and non-epi-
leptic seizure by measuring two signals on a body and
comparing the signals with two index classes respectively in
order to determine a first and second index value. The index
values are used to determine whether the sensed seizure is an
epileptic or non-epileptic seizure. Each seizure is automati-
cally detected using a seizure detection algorithm, and a
manual input from the patient or a caregiver is used to
confirm whether the patient is having a seizure or not. This
configuration provides a complex solution which requires a
large amount of data processing as the classification process
is performed each time a seizure is detected. The device is
operated in an alarm mode informing the patient/caregiver
of every detected seizure onset, thereby influencing the
patient’s assessment of when he/she is having a seizure.
[0016] WO 2009/020880 A1 discloses a system for detect-
ing epileptic seizures and PNES where the motor activity of
the patient is continuously recorded using a sensor device
and transferred to a computer unit that extracts features from
the data stream using two dedicated analysis algorithms.
Continuous video-EEG monitoring is used to determine
when the seizures are occurring which are then used by the
computer unit to define the time windows in which the data
stream should be analysed. The extracted features are then
evaluated according to standard classification guidelines in
order to determine whether the seizure is an epileptic seizure
or a PNES. This solution requires the patient to be coupled
to a conventional video-EEG monitoring system for logging
seizures which in turn increases the cost for diagnosing a
patient. The sensor device acts as a simple recording device,
it is not able to detect when a seizure is occurring.

OBIJECT OF THE INVENTION

[0017] Itis an object of the invention to provide a cheaper
and simpler method of detecting psychogenic non-epileptic
seizures.

[0018] It is an object of the invention to provide a method
of detecting tonic-clonic seizures and psychogenic non-
epileptic seizures which does not involve admitting the
patient.

[0019] Itis an object of the invention to provide the use of
a portable seizure detection device to distinguish between
tonic-clonic seizures and psychogenic non-epileptic sei-
Zures.

DESCRIPTION OF THE INVENTION

[0020] As mentioned above the invention relates to a
method of indicating the probability of non-epileptic sei-
zures, such as psychogenic non-epileptic seizures, charac-
terised by:

[0021] detecting at least one seizure within that time
period using the device and recording at least a second
time stamp of that seizure;

[0022] comparing the recorded data to the logged data
in the computer unit, and

[0023] determining if the second time stamps match the
first time stamps or not.

[0024] This provides a simple and cheap method of indi-
cating the probability of PNES as well as GTCS in a patient.
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The present invention does not require the patient to be
admitted to a hospital or a special clinic (e.g. an EMU) and
coupled to an EEG system. Data may be automatically
recorded by any small battery powered device configured to
be placed on the body of the patient, e.g. on an arm, a leg or
the torso. This allows the patient to be situated in his or hers
normal environment thus providing a more accurate indica-
tion of the factors triggering the seizures. The patient may
not act normally, if he or she was admitted thus providing a
less accurate indication of the factors triggering the seizures.
“Automatic recording” is defined as any device, either
placed on the patient or coupled to a sensing unit placed on
the patient, configured to store the sensed parameters with-
out any human interaction, while “manually logging” is
defined as any human interaction that requires the patient or
subject to actively record or log the data either physically or
electronically.

[0025] In one embodiment, the first device may continu-
ously log or record data during the time period, e.g. up to
seven days. The data may be stored in a memory unit in the
first device or transmitted to a third device, such as a base
unit, which then stores the data. The data file comprises at
least a time stamp of each detected seizure. The size and
weight of the device may be reduced, if the data is stored in
the base unit. After the time period has lapsed, data may be
transmitted to a second device, such as a central computer
unit, via a wired or wireless connection. The data may
instead be transferred to the second device via a temporary
storage unit, such as a memory stick.

[0026] The patient may physically log the seizures by
noting at least a time stamp on a list or electronically log the
seizures, e.g. by activating a data logging device by means
of'a push of a button. The medical staff, such as physicians,
primary caregivers, doctors, or neurologists, may then anal-
yse the recorded data or time stamps from the first device
and compare it to the logged data or time stamps from the
patient.

[0027] The present invention is able to log seizures that
are only registered by the device and not the patient, and vice
versa. This configuration allows PNES to be distinguished
from GTCS by comparing the two lists of time stamps with
each other. If the first device has not recorded any seizures
and the patient has logged one or more seizures, then the
patient may suffer from PNES. If the first device has
recorded one or more seizures and the patient has logged the
same seizures, then the patient suffers from epileptic GTCS.
If the patient has logged more seizures than those recorded
by the device, then the patient may suffer from both PNES
and epilepsy. In the event that the patient has not experi-
enced any seizures, a new measuring time period may be
performed. This provides an alternative method for distin-
guishing between PNES and GTCS that does not require the
use of video-EEG to log seizures or a manual input to
confirm the onset of a seizure.

[0028] In one embodiment, the two sets of data may be
electrically compared in the second device. The second
device may visually indicate each recorded or logged seizure
and/or any matches or mismatches between the two sets of
data. This allows for a simple and quick identification of
each registered seizure and any mismatches between the two
lists.
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[0029] According to one embodiment, the first device
compares the measured parameter to at least one threshold
value and determines whether a seizure is present or not in
a non-alarm mode.

[0030] The data may advantagely be recorded using any
seizure detection devices comprising an algorithm for
detecting GTCS or any seizures having a tonic and/or a
clonic phase or any seizures having at least tonic activity.
Detecting whether a seizure is present or not is defined as
comparing the sensed and optionally filtered parameters to
one or more sets of threshold values or reference patterns,
and indicating by means of an event signal, such a high or
low binary signal, whether these parameters fall within the
intervals defined by the threshold values or patterns or not.
The data recording may be activated when the device detects
a seizure onset. Alternatively, the seizure detection algo-
rithm may be implemented in the base unit instead. This
allows the device, or the base unit, to record or log any
seizure, such as any epileptic seizures, occurring within the
time period. The amount of stored and processed data may
be reduced by only recording data once a seizure has been
detected. This allows the power consumption of the device
to be reduced, thus increasing the operation time of the
device.

[0031] In one embodiment, the seizure detection device
may operate in a non-alarm mode, which defines a mode in
which the device or the base unit does not activate or
generate any audio and/or visual alarm or warning directing
the patient’s attention to an occurring seizure. This allows
the manual data logging not to be influenced by the auto-
matic data logging, thereby ensuring that the patient only
logs data when he or she believes that a seizure has occurred.
Unlike the device of US 2012/0116183 A1 which is operated
in an alarm mode in which it informs the patient once a
seizure is detected and allows the patient to confirm or
disconfirm that he/she is having a seizure. The non-alarm
operating mode is particularly advantage for patients suf-
fering from PNES, as their subjective assessment of when he
or she is having a seizure is likely to influence by the
generated alarm or warning.

[0032] Inone embodiment, seizures may be detected using
the seizure detection algorithm disclosed in DK 201100556
A, which may be implemented in a body worn device
operated in the non-alarm mode. The seizure detection
algorithm of DK 201100556 A is thereby incorporated by
reference in this application. The algorithm may count the
number of zero-crossings of the sensed signal, when it
alternately exceeds the positive and the negative value of a
predetermined hysteresis value within a plurality of prede-
termined time windows. The number of time windows
having a count above a first threshold value may then be
compared to a second threshold value, if these two values
(count and amount of time windows) exceed the two thresh-
old values then a seizure is occurring.

[0033] According to one embodiment, the sensor unit
measures an electromyographic signal or an acceleration
signal, e.g. on at least one limb or skeletal muscle of the
patient.

[0034] The data may advantagely be measured using an
EMG-sensor and/or an accelerometer arranged or coupled to
the device. This eliminates the need for attaching multiple
EEG-electrodes to the head of the patient and does not
require the device to have multiple measuring channels,
such as the sixteen channels used in Ipektal et al. The use of
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at least one EMG-sensor or accelerometer allows the first
device to be implemented as a simple and cheap device that
allows data to be measured using very few measuring
channels, such as one, two, three or four. Two or more sensor
units may be arranged in or coupled to the first device,
wherein the device may be configured to analyse and
evaluate the sensed data in order to determine if a seizure is
occurring or not. This allows the device to more accurately
detect the seizure onset by measuring two or more different
parameters on the patient.

[0035] In one embodiment, the data may be measured by
an sEMG-sensor with at least two electrodes configured to
be placed on a limb muscle or another skeletal muscle of the
patient. In one embodiment, the data may be measured by an
analogue or digital accelerometer capable of sensing the
acceleration in one, two or three directions. The accelerom-
eter may be a capacitive or piezoelectric device. The accel-
erometer may be placed on a limb muscle or another skeletal
muscle of the patient. This allows seizures to be detected by
monitoring the movement or muscle activity of the patient’s
body. The signals are preferably measured where the signals
are most prominent thus increasing the measured range of
the signals, i.e. the frequency and/or the amplitude. In one
embodiment, the sensor unit may be placed on the arm, e.g.
the deltoid and/or biceps muscle, or on the chest of the
patient.

[0036] According to one embodiment, the first device
either calculates a root-mean-square value of the sensed
signal within at least one time window and compares the
RMS-value to the threshold value, or transforms the sensed
signal into both the frequency domain and the time domain
and compares at least one calculated value from each of the
domains to at least one threshold value.

[0037] This allows the algorithm to detect the onset of a
seizure by applying a predetermined number of time win-
dows, such overlapping time windows, to the sensed signal,
and then calculate an RMS-value for each of the time
windows. The algorithm may then evaluate the RMS-values
and determine if a seizure onset is present or not, e.g. by
determining the slope of the RMS-values and comparing it
to at least one threshold value. This allows the implemented
algorithm to determine whether the measured muscle activ-
ity or movements are a GTCS or not.

[0038] The algorithm may transform the sensed signal into
both the frequency and time domains and extract one or
more values, e.g. within a predetermined number of time
windows. The algorithm may determine the frequency of the
sensed signal and/or the amplitude, such as an RMS-value,
of'the sensed signal. The values of the time and/or frequency
domain may then be compared to at least one threshold value
in order to determine whether a seizure onset is present or
not. This allows the implemented algorithm to determine
whether the measured muscle activity or movements are a
GTCS or not.

[0039] According to one embodiment, the first device
extracts at least one predetermined pattern from the sensed
signal, and compares the extracted pattern to the threshold
value.

[0040] The algorithm may extract one or more patterns
from the sensed signal, e.g. the acceleration data, in the time
or frequency domain. The extracted pattern may be com-
pared to one or more reference patterns or one or more sets
of parameters defining these patterns. In one embodiment,
the device may determine the length (time period) of the
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cloni, i.e. each individual contraction, and/or the length
(time period) between each of the cloni. Clinical studies
have suggested that the time periods of the cloni in a GTCS
are very much alike and of equal length. The studies have
suggested that the time periods, i.e. silent periods, increase
exponentially for a GTCS. This allows the device to distin-
guish between a GTCS and a PNES by evaluating the pattern
of the measured signal to at least one distinct reference
pattern.

[0041] According to one embodiment, the measured data
from the sensor unit is transmitted directly to a third device
and recorded in the third device.

[0042] Seizures may be detected by placing at least one set
of sensor electrodes, such as electromyography sensor elec-
trodes, on one or more muscles of the patient in predeter-
mined positions. The measured set of data may be transmit-
ted directly to the base unit via a wired connection
comprising an optionally plug-and-socket coupling. The
measured set of data may instead be transmitted via a
wireless communications module in the first device to a
mating communications module in the base unit, e.g. as raw
data or pre-processed (filtered and/amplified) data. In this
embodiment, the third device may be configured to act as an
EMG-unit that record the measured/pre-processed data and/
or displays the data for further analysis.

[0043] The raw or pre-processed data may be continuously
measured and recorded in another data file during the time
period. This data may be stored in the first device or the base
unit, and then transferred or transmitted to the third device
for further analysis. This allows the medical staff to evaluate
the raw data to confirm that the patient is suffering from
PNES, e.g. by analysing the raw data using another analysis
algorithm dedicated for extracting one or more features
characteristic of PNES or by using standard evaluation
guidelines to determine that the patient is suffering from
PNES. This analysis algorithm may differ from the seizure
detection algorithm.

[0044] According to one embodiment, the patient manu-
ally logs the data or at least one subject monitors the patient
and manually logs the data.

[0045] In one embodiment, seizures may be logged by any
subjects monitoring and/or interacting with the patient dur-
ing the time period. If the patient is placed in his or hers
normal environment, then subjects, such as family members,
friends and/or colleagues, may log any detected seizures
within that time period. If the patient is admitted, then
subjects, such as the medical staff, visually monitoring the
patient may log any seizures within that time period, e.g. by
inputting the data directly into the second device. This
allows the patient to be monitored more or less continuously
during the time period and allows the number of missing
seizures to be reduced.

[0046] According to an alternative embodiment, the
patient manually logs the data by activating the first device
using user input means.

[0047] In this configuration, the patient or optionally the
subject monitoring the patient is able to manually log each
registered seizure by activating user input means located on
the first device. The first device, or optionally the base unit,
then log at least a time stamp each time the input means is
activated. These data are stored in a data file separately from
the data file comprising the automatically recorded data and
the data file comprising the raw/pre-processed data. The two
data files with the lists of time stamps are then transmitted
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or transferred to the second device for further analysis. This
allows the patient/subject to log seizures without having to
update a physical list.

[0048] As mentioned above, the invention also relates to a
system for detecting seizures, such as tonic-clonic seizures,
characterised in that:

[0049] the first device is configured to detect at least one
seizure within that time period and record at least a
second time stamp of that seizure; and

[0050] that the computer unit is configured to compare
the recorded data with the logged data and determine if
the second time stamps matches the first time stamps or
not.

[0051] This provides a simple and cheap system for indi-
cating the probability of PNES as well as GTCS which does
not require the patient to be admitted to a hospital or a
special clinic (e.g. an EMU) and coupled to an EEG system.
The first device may be a small battery powered device
configured to be placed on the body of the patient by means
of'a band, a clip or an adhesive layer located on the device.
This allows the patient to be situated in his or hers normal
environment thus providing a more accurate indication of
the factors triggering the seizures. The patient may not act
normally, if he or she was admitted thus providing a less
accurate indication of the factors triggering the seizures.
[0052] In one embodiment, the first device may be con-
figured to a data logger which continuously logs or records
data during the time period. The data file may be stored in
a memory unit located in the first device or in a third device,
such as a base unit. The size and weight of the device may
be reduced, if the data is transmitted and stored in the base
unit. The recorded data may then be transmitted to the
second device, such as a central computer unit, via a wired
connection, such as a data cable configured to be removable
coupled to at least one of the two devices, or a wireless
connection, such as a Bluetooth, WIFI, IR, RF, NFC, Zig-
Bee, or another communications module. The data may
instead be transferred to a temporary storage unit, such as a
memory stick, which may be coupled to the second device.
The connection between the first and third device may be a
wired or wireless connection, such as electrical cables,
Bluetooth, WIFI, RF, IR, or any other suitable connection.
[0053] A physical list or a computer unit, a laptop, a tablet
computer, a PDA or a smartphone may be used by the patient
or the subject to manually log the time stamp of each seizure.
In one embodiment, a data logging device may be config-
ured to record the time stamp when the device is activated,
e.g. by the push of a button. The two sets of data may be
loaded in the second device which may be configured to
electrically compare the data sets, e.g. at least the two lists
of time stamps. The second device may be configured to
visually indicate or generate an event signal for each
recorded or logged seizure and/or any matches or mis-
matches between the two sets of data. This allows for a quick
and simple indication of each registered seizure.

[0054] The automatic and manual logging of seizures
enables the present system to log seizures only registered by
the first device and not the patient/subject, and vice versa.
This allows PNES to be distinguished from GTCS by
comparing the two lists of time stamps with each other. If no
seizures have been recorded by the device and the patient
has logged one or more seizures, then the patient may suffer
from PNES. If one or more seizures have been recorded by
the device and the patient has logged the same seizures, then
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the patient suffer from epileptic GTCS. If only some of the
logged seizures match the recorded seizures, then the patient
may suffer from both PNES and epilepsy. This allows PNES
to be distinguished from GTCS without the use of video-
EEG or index classes. The raw or pre-processed data may be
used as back-up or to confirm or disconfirm that the patient
is suffering from PNES.

[0055] According to one embodiment, the first device is
configured to compare the measured parameter to at least
one threshold value and determine if a seizure is present or
not in a non-alarm mode.

[0056] Seizure detection devices are well-suitable to be
implemented in the system according to the invention. The
device may advantagely comprise an algorithm configured
to detect tonic-clonic seizures, such as GTCS, or any sei-
zures having a tonic and/or a clonic phase or any seizures at
least having tonic activity. The device may be configured to
generate an event signal that may trigger the recording of the
data when a seizure onset is detected. Alternatively, the
seizure detection algorithm may be implemented in the base
unit instead. This allows the device, or the base unit, to
record or log any seizures, such as any epileptic seizures,
occurring within the time period. The amount of stored and
processed data may be reduced by only recording data once
a seizure has been detected. This allows the power con-
sumption of the device to be reduced thus increasing the
operation time of the device.

[0057] In one embodiment, the seizure detection device
may be configured to operate in a non-alarm mode. This
allows the manual data logging not to be influenced by the
automatic data logging, thereby ensuring that the patient or
subject observing the patient only logs data when he or she
believes that a seizure has occurred. This is particularly
relevant for patients suffering from PNES. The device is able
to detect and record seizures which are not registered by the
patient or subject, and vice versa, which in turn increases the
reliability of the system.

[0058] Inone embodiment, the seizure detection algorithm
disclosed in DK 201100556 A may be implemented in a
self-adhesive device or a device coupled to a band which is
configured to operate in the non-alarm mode. The seizure
detection algorithm of DK 201100556 A is thereby incor-
porated by reference in this application. The algorithm may
be configured to count the number of zero-crossings of the
sensed signal, when it alternately exceeds the positive and
the negative value of a predetermined hysteresis value
within a plurality of predetermined number of time win-
dows. The algorithm may be configured to compare the
number of time windows having a count above a first
threshold value to a second threshold value. The algorithm
may then generate an event signal that may trigger the data
recording, if these two values (count and amount of time
windows) exceed the two threshold values.

[0059] According to one embodiment, the sensor unit is an
electromyographic sensor or an accelerometer, and wherein
the first device is configured to detect a seizure based on the
measured electromyographic signal or the acceleration data.
[0060] The first device may advantagely comprise at least
one EMG-sensor and/or an accelerometer which eliminates
the need for multiple EEG-electrodes and does not require
the device to have multiple measuring channels, such as the
sixteen channels used in Ipektal et al. This allows the first
device to be implemented as a simple and cheap device that
allows data to be measured using very few measuring
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channels, such as one, two, three or four. Two or more sensor
units may be arranged in or coupled to the first device,
wherein the device may be configured to analyse and
evaluate the sensed data in order to determine whether a
seizure is occurring or not. This allows the device to more
accurately detect the seizure onset by measuring two or
more different parameters on the patient. The second sensor
unit may be an EEG-unit, a heart rate sensor, a respiratory
sensor, or another suitable sensor unit.

[0061] The EMG-sensor unit may be configured as an
sEMG-sensor with one or two electrodes configured to be
placed on a limb muscle or another skeletal muscle of the
patient. The accelerometer may be configured as an ana-
logue or digital accelerometer capable of sensing the accel-
eration in one, two or three directions. The accelerometer
may be a capacitive or piezoelectric device. The accelerom-
eter may be configured to be placed on a limb muscle or
another skeletal muscle of the patient. This allows the signal
to be measured where the movement or muscle activity is
most prominent thus increasing the measured range of the
signal, i.e. the frequency and/or the amplitude. In one
embodiment, the sensor unit may be placed on the arm, e.g.
the deltoid and/or biceps muscle, or on the chest of the
patient.

[0062] In one embodiment, the algorithm may be config-
ured to apply a predetermined number of time windows,
such overlapping time windows, to the sensed signal, and
then calculate an RMS-value for each of the time windows.
The algorithm may be configured to evaluate the RMS-
values and determine if a seizure onset is present, e.g. by
determining the slope of the RMS-values and comparing it
to at least one threshold value. In one embodiment, the
algorithm may be configured to transform the sensed signal
into the frequency and/or time domain and extract one or
more values, e.g. within a predetermined number of time
windows. The algorithm may be configured to determine the
frequency and/or amplitude, such as an RMS-value, of the
sensed signal. The two values and/or a sum of at least one
of these values may be configured to be compared to one or
two individual threshold values in order to determine
whether a seizure onset is present or not. The device or
algorithm may be configured to filter the measured signal by
means of a filter function before the parameters are
extracted. This allows the implemented algorithm to deter-
mine whether the measured muscle activity or movements
are a GTCS or not.

[0063] In one embodiment, the algorithm may be config-
ured to extract one or more patterns from the sensed signal,
e.g. the acceleration data, in the time and/or frequency
domain. The algorithm may be configured to compare the
extracted pattern to one or more reference patterns or one or
more sets of parameters defining these patterns. In one
embodiment, the device may be configured to determine the
length (time period) of the cloni, i.e. each individual con-
traction, and/or the length (time period) between each of the
cloni. This allows the device to distinguish between a GTCS
and a PNES by evaluating the pattern of the measured signal
to at least one distinct reference pattern.

[0064] According to one embodiment, the first device is
configured to transmit the measured data directly to a third
device which is configured to record the data.

[0065] The device may comprise at least one set of sensor
electrodes, such as electromyography sensor electrodes,
configured to be placed on one or more muscles of the
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patient in predetermined positions. The set of sensor elec-
trodes may be coupled directly to the third device via a wired
connection comprising an optionally plug-and-socket cou-
pling. The set of sensor electrodes may instead be coupled
to a wireless communications module in the first device
configured to transmit the measured set of data to a mating
communications module in the third device. The first device
may be configured to record the data as raw data or comprise
means (such as filter means and/or an amplifying means) for
pre-processing the data before the transmission. The second
device may instead be configured as an EMG-unit config-
ured to record the measured data and/or comprise a display
for visually displaying the data.

[0066] The first or third device may be configured to
record the raw or pre-processed data continuously in a
separately data file during the time period. This data may
then be transferred or transmitted to the third device for
further analysis. The raw data may be evaluated by the
medical staff to confirm or disconfirm that the patient is
suffering from PNES; e.g. by applying an analysis algorithm
dedicated for extracting one or more features characteristic
of PNES to the set of data or by using standard evaluation
guidelines to determine if the patient is suffering from
PNES. The comparator module located in the second device
may generate an output signal indicating the probability of
the patient suffering from PNES, e.g. a binary value (zero or
one) or a value between 0 and 100. The output signal may
optionally be transmitted to an evaluation module which
generates the indication signal based on the number of
mismatches between the two lists of time stamps. The
indication signal may also be used to indicate that the patient
is not suffering from GTCS, but another type of seizure.

[0067] According to one embodiment, the second device
comprises user input means for manually logging the data.

[0068] The second device may comprise user input means,
such as a keyboard, a mouse, or a touch-sensitive display, for
manually inputting data into the second device. Subjects,
such as the medical staff that visually monitors the patient,
may use the user input means to log any seizure with the
time period. This allows the patient to be monitored more or
less continuously during the time period and allows the
number of missing seizures to be reduced.

[0069] According to an alternative embodiment, the first
device further comprises user input means for manually
logging the data.

[0070] In this configuration, the first device may be con-
figured to electronically log at least a time stamp every time
the input means is activated. The input means may be one or
more buttons, touch sensitive areas, or any suitable input
means. This allows the patient or subject to manually input
data into the device each time a seizure is registered by the
patient or the subject monitoring the patient. These data are
stored in a data file in the first device or in the base unit
separately from the automatically recorded data stored in the
first device or the base unit. The two data files are then
transmitted or transferred to the second device for further
analysis. This allows the patient/subject to log seizures
without having to update a physical list.

[0071] According to one particular use of the invention, a
seizure detection device comprising an electromyographic
sensor unit is coupled to a limb or skeletal muscle of a
patient to detect an indication of psychogenic non-epileptic
seizures.

Jun. 20, 2019

[0072] A portable battery powered device, such as a sei-
zure detection device, comprising one or more EMG-sensor
units is particularly suited to be implemented in the above
described method and/or system. The EMG-sensor or elec-
trodes thereof may advantagely be placed on a limb muscle
or skeletal muscle of the patient. This allows the device to
indicate the probability of a PNES by only measuring the
muscle activity of that limb.

[0073] According to one particular use of the invention, a
seizure detection device comprising an accelerometer is
coupled to a body of a patient to detect an indication of
psychogenic non-epileptic seizures.

[0074] A portable battery powered device, such as a sei-
zure detection device, comprising at least one accelerometer
is particularly suited to be implemented in the above
described method and/or system. The accelerometer may
advantagely be placed on a limb muscle or skeletal muscle
of the patient. This allows the device to indicate the prob-
ability of a PNES by only measuring the movement (accel-
eration) of that limb.

DESCRIPTION OF THE DRAWING

[0075] An embodiment of the invention will now be
described by way of an example only and with reference to
the accompanying drawings, in which:

[0076] FIG. 1 shows a block diagram of a first exemplary
embodiment of the system according to the invention; and
[0077] FIG. 2 shows a block diagram of a second exem-
plary embodiment of the system according to the invention.
[0078] 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
different figures. Not all parts and positions indicated in a
specific figure will necessarily be discussed together with
that figure.

DETAILED DESCRIPTION OF THE
INVENTION

[0079] FIG. 1 shows a block diagram of a first exemplary
embodiment of the system. A portable device 1 may be
placed on the body of a patient 2 and held in place by means
of a band (not shown) or an adhesive layer on the device 1.
The device 1 may be placed on a limb muscle or skeletal
muscle of the body, e.g. on an arm of the patient 2.

[0080] The device 1 may comprise a removable power
source (not shown) in the form of one or more batteries
coupled to a power circuit arranged inside the device 1. The
power circuit may be configured to power the electrical
components located in the device 1.

[0081] At least one sensor unit 3 may be arranged in the
device 1 and configured to measure at least one parameter on
the body of the patient 2. The sensor unit 3 may be
configured as an EMG-sensor comprising at least two elec-
trodes configured to measure an electromyographic signal
on the body of the patient 2. The measuring electrodes may
be positioned on one muscle, such as the deltoid and/or tibial
anterior muscle, wherein one of the electrodes may be used
as a reference electrode for the other electrode. The sensor
unit 3 may instead be configured as an accelerometer
configured to measure the acceleration in one, two or three
directions.

[0082] The device 1 may comprise a microprocessor unit
in which a seizure detection algorithm may be implemented
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for detecting a tonic-clonic seizure, such as a GTCS. The
microprocessor unit may be coupled to the sensor unit 3 and
may be configured to filter out any noise and other unwanted
signals. The algorithm may be configured to extract or
calculate one or more parameters from the measured data
and compare the extracted or calculated data to at least one
threshold value. If the measured data exceeds the threshold
values, a seizure is detected and the algorithm may generate
an event signal that activates the recording of the data and/or
indicates that a seizure is detected.

[0083] Inone embodiment, the seizure detection algorithm
disclosed in DK 201100556 A may be implemented in the
device 1 and configured to operate in a non-alarm mode. The
seizure detection algorithm of DK 201100556 A is thereby
incorporated by reference in this application. The algorithm
may be configured to count the number of zero-crossings of
the sensed signal, when it alternately exceeds the positive
and the negative value of a predetermined hysteresis value
within a predetermined number of time windows. The
algorithm may be configured to compare the number of time
windows having a count above a first threshold value to a
second threshold value. The algorithm may in the non-alarm
mode generate an event signal that may trigger the data
recording, e.g. recording the time stamp for each seizure, if
these two values exceed the two threshold values. The event
signal may not trigger any alarm or warning that alert the
patient 2 to the onset of a seizure. The device 1 may be
configured to record data over a predetermined time period,
e.g. ranging from one hour to seven days.

[0084] A second device 4 in the form of a central computer
unit may be configured to be coupled to the first device 1,
e.g. via a wired or wireless connection 5. The connection 5
may be a data cable or a Bluetooth, RF or WIFI connection.
The recorded data may then be transferred from the first
device 1 to the second device 2 for further analysis.
[0085] In one embodiment, the first device 1 may be
configured to be coupled to a third device 6 via another
wired or wireless connection 7. The connection 7 may be a
wireless Bluetooth or WIFI connection. The third device 6
may be configured as a base unit located within a predeter-
mined distance from the patient 2. The base unit 6 may be
configured to be coupled to the second device 4 via yet
another wired or wireless connection 8. The connection 8
may be a data cable or a Bluetooth, RF or WIFI connection.
The seizure detection algorithm may instead be imple-
mented in the third device 6 so that the first device 1 acts as
a simple sensing unit that transmit the measured data to the
third device 6 via the connection 7 for storage. The third
device 6 may then be configured to detect the seizures in the
non-alarm mode.

[0086] One of the devices 1, 6 may be configured to
continuously record the raw or pre-processed data in a
separate data file which may be transmitted or transferred
directly to the second device 4 or indirectly via the third
device 6.

[0087] The system may comprise means 9 for manually
logging data, e.g. the time stamp for each seizure, descrip-
tive of a seizure over the time period. The patient may log
10 the time stamp for any detected seizure within the time
period on a physical list 9 managed by the patient 2. The list
9 may instead be an electrical list configured to be loaded
and executed on a computer unit 11, a laptop, a tablet
computer, a PDA or a smartphone. If the data have been
logged 10 electronically, the logged data may then be loaded
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into the second device 4 via a wireless or wired connection
12. The connection 12 may be a data cable or a Bluetooth or
WIFI connection. If the data have been logged 10 physically,
the logged data may then be inputted into the second device
4 via a keyboard, touch-sensitive display or the like.
[0088] The second device 4 may be configured to compare
the two sets of data, e.g. the two lists of time stamps, with
each other. The second device 4 may be configured to match
a time stamp recorded by the first device 1 to a time stamp
manually logged by the patient 2. The second device 4 may
comprise a display configured to graphically display the two
sets of data. The second device 4 may be configured to
graphically indicate each recorded and/or logged seizure.
[0089] The second device 4 may be configured to graphi-
cally indicate any matches and/or mismatches between the
recorded time stamps and the logged time stamps. If the first
device 1 has not recorded any seizures and the patient 2 has
logged one or more seizures, then the patient 2 may suffer
from PNES. If the first device 1 has recorded one or more
seizures and the patient 2 has logged the same seizures, then
the patient 2 may have epilepsy. If the patient 2 has logged
more seizures than those recorded by the device 1, where
some of the logged seizures correspond to those logged by
the device 1, then the patient 2 may suffer from both PNES
and epilepsy. This allows the device 4 or the medical staff
operating the device 4 to distinguish PNES from GTCS in a
simple and cheap manner.

[0090] FIG. 2 shows a block diagram of a second exem-
plary embodiment of the system. In this embodiment, the
data may be manually logged by any subject 13 that moni-
tors and/or interacts 14 with the patient 2. The patient 2 may
be admitted to a hospital or special clinic for observation.
The patient 2 may be continuously monitored by the subject
13, e.g. the medical staff, during the admission. The subject
13 may manually log 15 the data, e.g. the time stamp for
each seizure, on a physical list 9. The list 9 may instead be
an electrical list configured to be loaded and executed on a
computer unit 11, a laptop, a tablet computer, a PDA or a
smartphone. If the data have been logged 15 electronically,
the logged data may then be loaded into the second device
4' via a wireless or wired connection 16. The connection 16
may be a data cable or a Bluetooth, RF or WIFI connection.
If the data have been logged 15 physically, the logged data
may then be inputted into the second device 4' via a
keyboard, touch-sensitive display or the like. The subject 13
may instead log 17 the data directly into the second device
4' using user input means 18 in form a keyboard or a
touch-sensitive display.

[0091] The first device 1 may be configured as a sensing
unit 1' comprising at least one set of sensor electrodes (not
shown) configured to be placed on the body of the patient 2.
The sensing unit 1' may comprise up to twenty-five sensor
electrodes or more. The sensor electrodes may be coupled
directly to the second device 4 via a wired connection 5'. The
connection 5' may be a data cable comprising an optional
plug-and-socket coupling for separating the two devices 1',
4'. The second device 4' may be configured as an electro-
myographic unit 4' configured to record the measured data
from the sensing unit 1'. The second device 4' may comprise
a display module configured to display the recorded data
from the device 1' and/or the data logged 15, 17 by the
subject 13.

[0092] The invention is not limited to the embodiments
described herein and may be modified or adapted without
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departing from the scope of the present invention as
described in the patent claims below.

1-12. (canceled)

13. A method of indicating the probability of non-epilep-
tic seizures, wherein the method comprises the steps of:

automatically recording patient data by means of a first

device placed on a patient’s body, wherein the first
device comprises at least one sensor unit measuring at
least one parameter on the patient’s body, and wherein
the data is recorded over a predetermined time period;

transmitting the recorded data from the first device to a

computer unit for further analysis;

operating the first device in a non-alarm mode in which

the at least one parameter is compared to at least one
threshold value for determining whether a seizure is
present or not;

manually logging data comprising at least a first time

stamp of at least one seizure within the predetermined
time period,

comparing the recorded data to the manually logged data

in the computer unit, and

determining if the recorded data matches the manually

logged data or not.

14. A method according to claim 13, further comprising
automatically detecting at least one seizure within the pre-
determined time period with the first device and recording at
least a second time stamp of the at least one seizure detected
by the first device, and comparing the second time stamp to
the first time stamp to determine if the second time stamp
matches the first time stamp or not.

15. A method according to claim 13, wherein the at least
one sensor unit measures one of an electromyographic signal
and an acceleration signal.

16. A method according to claim 15, wherein said one of
an electromyographic signal and an acceleration signal is
measured on at least one of a limb and skeletal muscle of the
patient.

17. A method according to claim 15, wherein the first
device calculates a root-mean-square value of the at least
one parameter within at least one time window and com-
pares the root-mean-square-value to the at least one thresh-
old value.

18. A method according to claim 15, wherein the first
device transforms the at least one parameter into both a
frequency domain and a time domain, and compares at least
one calculated value from each of the frequency and time
domains to the at least one threshold value.

19. A method according to claim 15, wherein the first
device extracts at least one predetermined pattern from the
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at least one parameter, and compares the at least one pattern
to the at least one threshold value.

20. A method according to claim 13, wherein the signal
from the at least sensor unit is transmitted directly to a third
device and recorded in the third device.

21. A method according to claim 13, wherein the patient
manually logs the data or at least one subject monitoring the
patient manually logs the data.

22. A system for indicating the probability of non-epilep-
tic seizures, comprising:

a first device configured to be placed on a patient’s body,
wherein the first device comprises at least one sensor
unit configured to measure at least one parameter on the
patient’s body, and is configured to automatically
record data over a predetermined time period;

a computer unit configured to be coupled to the first
device and comprising data processing means config-
ured to analyze data recorded over said predetermined
time period; and

means for manually logging data comprising at least a
first time stamp of at least one seizure within the
predetermined time period time period, and

wherein the first device is configured to operate in a
non-alarm mode in which the at least one parameter is
compared to at least one threshold value for determin-
ing whether a seizure is present or not; and

wherein the computer unit is configured to compare the
recorded data with the manually logged data and deter-
mine if the recorded data matches the manually logged
data or not.

23. A system according to claim 22, wherein the first
device is configured to automatically detect at least one
seizure within the predetermined time period and to record
at least a second time stamp of the at least one seizure, and
wherein the computer unit is configured to compare the
second time stamp to the first time stamp to determine if the
second time stamp matches the first time stamp or not.

24. A system according to claim 20, wherein the at least
one sensor unit is one of an electromyographic sensor and an
accelerometer, and wherein the first device is configured to
detect said seizure based on the signal from the electromyo-
graphic sensor or accelerometer.

25. A system according to claim 22, wherein the first
device is configured to transmit a signal from the at least one
sensor unit directly to a third device which is configured to
record said signal.

26. A system according to claim 22, wherein one of first
device and the computer unit comprises user input means for
manually logging the data.
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