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Abstract—Knowing when a seizure occurred is

helpful because this information can be used to
evaluate the effectiveness of seizure interventions and
possibly alert caregivers to emergency situations. The
current practice for recording seizures outside of a
hospital and without sensors is through keeping a
self-reported seizure diary. This practice may be
unreliable if the diary is not updated or the person
having the seizure does not realize it is happening.
Wearable seizure detectors aim to solve this problem
by reliably recording when a seizure happened and
either sending out an alert or storing the data for
later analysis. In this systematic review of the
literature, 1,018 articles were evaluated to assess the
current status of wearable seizure detection
technology. A look into the challenges to developing
such a device and how others have overcome some of
these challenges is also discussed.

Index Terms—Seizure detection device, wearable
device, wearable sensors, automated seizure
detection, systematic literature review.

I. INTRODUCTION

Seizures can happen for many reasons including
epilepsy which is a condition that causes recurring
seizures and affects around 50 million people worldwide
[1]. An important factor for managing and treating
seizures is knowing when and how often they occur [2].
Many do this by keeping a seizure diary but this may be
inaccurate since seizures can happen without the person
being aware of it [2]. A wearable seizure detector can
track seizures a person may not know is happening.
Some seizure detection devices can also alert caregivers
of active seizures [3].

This technology has several different use cases.
Pharmaceutical companies may use it to monitor the
effects of new therapies. Researchers may use it if they
need to accurately count seizures when seizure diaries
are unreliable. Clinicians may use it to help patients find
therapies that work for them. Lastly, people with
seizures may use it to alert caregivers or for their own
tracking of when seizures tend to happen.

The purpose of this review is to determine what is
available in terms of wearable seizure detectors, the
current capabilities of wearable seizure detectors, and
what improvements need to be made so that these
devices provide reliable information. This systematic
literature review is organized around the following
research questions to summarize the current state of
technology for wearable seizure detectors.

RQ1: What datasets are available that use ambulatory
sensors and are recorded during daily activities?

RQ2: What is the standard for comparing wearable
sensors for accurate seizure detection?

RQ3: How well do the wearable detectors perform?
RQ4: What types of seizures can be detected by the

current technology?
RQ5: What challenges are researchers facing when

developing a wearable device that can be used
during daily activities?

II. METHODS

This systematic review was conducted based on the
PRISMA 2020 guidelines. The databases IEEE Xplore,
PubMed, and ScienceDirect were searched on March 26,
2024 with the following search terms “(ambulatory OR
wearable OR "daily activities" OR accelerometer OR
"smart watch" OR "headband") AND seizure”. All
databases were limited to results from 2014 to 2024 and
articles written in English. IEEE Xplore was further
limited to journals, magazines, and early access articles.
ScienceDirect was further limited to these article type
options: review articles, research articles, editorials,
short communications, and other. The resulting articles
were then assessed using the following
inclusion/exclusion criteria.

1. Must include a wearable device
a. Can be worn during daily activities
b. An individual can place the device on themself

2. Must be intended for use in seizure detection
3. Must be tested on seizure data

a. Data collected from patients doing daily
activities

b. Data collection must not come from wet
electrodes

c. Study must have 5 or more participants
4. Written in English
5. Study must be tested on humans
6. Must not be a supplemental article to a research

article

One reviewer (R.L.) screened each article to
determine if it met the inclusion criteria. Articles were
included if it was a journal article that presented a
wearable device that used sensors to capture signals and
was intended specifically for seizure detection. The
proposed device must also have been tested on data from
people with seizures and the results of the testing are
discussed in the article. These criteria were selected to
answer the research questions.
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Fig. 1. Flow diagram of the article selection process.

Articles selected to be included in this review were
read entirely by one reviewer (R.L.) and screened for
information on the type of seizures detected, sensing
technology used, the dataset used, performance, and the
authors’ discussion of the research. During the reading
process, this information was recorded for further
analysis.

The collected data was then displayed graphically.
Any false alarm rate data given in units of per hour were
converted to per day by multiplying by 24. Sensitivity
and false alarm rate data are graphed to show the
relationship between the two.

III. RESULTS

This section describes and analyzes the results of
information collected from the 34 relevant studies. Fig. 1
shows the process of evaluating which studies were
included.

A. Datasets

Of the 41 articles fully read to assess if they fit the
inclusion criteria, only two used data from public
datasets [12], [31]. These two were ultimately excluded
because some portion of the data used in each article was
collected with non-wearable sensors. The result of this

was that each study that met the inclusion criteria
collected its own data from participants.

Of the 34 articles included in this review, two have
made a way for others to gain access to their data [19],
[8]. To get access to the data from Nasseri et al., a URL
is provided in the data availability section of the article
[19]. To get the data from Joyner et al., access is granted
upon “reasonable request” of the corresponding author
[8]. All other articles either stated that they were not able
to share their data publicly or made no statement at all
about the availability of their data.

Many of the participants in these studies were
patients at epilepsy monitoring units who volunteered to
be selected for a study. Studies selected participants
based on unique inclusion/exclusion criteria typically
having to do with participant age, seizure type, seizure
duration, if seizures occurred during the monitoring
period, and ability to wear the sensing device. The
studies ranged in size from 10 to 243 participants, each
collecting hundreds to thousands of hours of recordings
(237 hrs to 15,888 hrs).

Fig. 3. Histogram of the number of participants in each
study.

Fig. 4. Histogram of the number of hours per
participant in each study.
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B. Gold Standard Used

All but four of the studies collected EEG data from a
standard scalp EEG system as the gold standard, in
addition to their wearable sensors, for determining
exactly when seizures started and stopped. This allowed
for seizure detection from other sensors to be validated
by expert-reviewed EEG data. However, this means that
studies using scalp EEG as the gold standard must limit
the activities the participants can do because scalp EEG
is not wearable.

The four exceptions to the scalp EEG gold standard
are [19], [40], [25], and [8]. Intracranial EEG was used
in [19] which allowed participants to use the wearable
device for months in everyday situations while still
having EEG data as a reference. In [8] and [25],
behind-the-ear EEG sensors were used to provide EEG
data as a reference while allowing participants to go
about their normal activities. Participants of [40]
self-reported the start and stop times of their seizures to
provide a reference to the wearable device.

Of the studies that stated what the participants did
during recordings, these studies instructed the
participants to perform tasks such as using a stationary
bike, making coffee and food, performing daily hygiene,
and playing video games [15], [33], [29]. To induce
seizures, some participants had their anti-seizure
medication reduced, performed exercises to raise their
heart rate, and were sleep-deprived [9]. Other studies did
not restrict what the participants could do during the
recording period [19], [18], [21], [10], [35], [25], [40].
The activity of the participants in almost every study
could not fully reflect a person’s daily life because of the
limitations of scalp EEG.

C. Devices and Sensors

The devices reported in the selected studies use
various wearable sensors to detect seizures. Sensors
were used to measure electroencephalography (EEG),
electromyography (EMG), electrocardiography (ECG),
electrodermal activity (EDA), movement through
accelerometers (ACC) and gyroscopes (GYRO), heart
rate (HR), body temperature (TEMP),
photoplethysmography (PPG) for blood pulse volume,
respiration (RESP), sound through microphones (MIC),
and blood oxygen saturation (SpO2). Some studies used
off-the-shelf devices to collect data which are listed in
Appendix A.

The form factor of the devices was typically an
adhesive patch containing electrodes or a wrist band but
there was also a headband, wired earbuds, a finger clip,
and a vest containing sensors. Different sensors were

required to be placed on specific parts of the body such
as the forehead, in-ear, behind the ear, arm (bicep), chest
(below the heart or clavicle), wrist, finger, waist, and
ankle. Fig. 5 shows the location of the sensors along
with how many studies used this location.

Fig. 5. Sensor locations on the body and associated
number of studies.

Fig. 6. Plot of how frequently each sensor type was
used.

D. Seizure Types Detected

Looking into what seizure types were used to validate
the wearable seizure detectors also offers insight into the
state of the technology. Fig. 7 shows that most studies
tested their device on seizures with motor
manifestations. This seems to line up with Fig. 6 which
shows that accelerometers are the most commonly used
sensor. Fig. 7 also shows that only 3 studies were
interested in non-motor only seizure data to test their
device. This may be caused by non-motor seizures being
more difficult to detect or because of less of a demand
for wearable seizures that only detect non-motor
seizures.
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Fig. 7. Percentage of articles that use a combination of
motor, non-motor, or unspecified seizure types.

It is important to note that Fig. 7 does not show how
many participants had motor or non-motor seizures, but
rather how many studies tested their device with motor
or non-motor seizure data. A full list of seizure types and
now many articles mention each type can be found in
Appendix B.

E. Performance and User Experience

The selected studies were examined for statements
about performance regarding the timing of seizure
detection, latency (time from seizure start to detection),
sensitivity, false alarm rate (FAR), positive predictive
value, and area under the receiver operator characteristic
curve. Few studies reported their system’s latency,
positive predictive value, or area under the receiver
operator characteristic curve so these performance
metrics will not be discussed in this review. Most did
however report sensitivity and FAR. This data is shown
in Fig. 8. Any studies missing either sensitivity or FAR
data were not included in Fig. 8. Twenty-six studies did
report this data. False alarm rates given in events per
hour were converted to events per day by multiplying by
24. This may introduce error into the FAR since the FAR
during the day versus during the night may be different
and nothing was done to take this into account during
conversion.

Fig. 8 shows that most seizure detection systems have
a sensitivity better than 0.5 and a FAR less than 24 per
day or 1 per hour. The red dots represent studies that did
not use the traditional scalp EEG as their gold standard.
From left to right, the red dots represent studies that used
intracranial EEG, self-reporting, and the last two used
behind-the-ear EEG as their gold standard.

Fig. 8. Sensitivity vs. False Alarm Rate per Day from
26 articles.

F. User Experience

Some studies also collected information from the
participants about their experience with the detection
system. User experience reports from devices that used
adhesive patches were mixed. Some studies reported that
their participants were not worried about the look of the
device and that it was comfortable to wear [5], [24].
Other studies with patches reported that the device could
be uncomfortable and that users were worried about
wearing the device in public [18], [25]. One thing that all
studies reported was mild to moderate skin irritation or
discomfort when wearing the device in the heat [5], [18],
[24], [25], [28].

Adherence seemed to be high in studies where the
device was in the form of a wrist band but one
participant dropped out of their study due to the
inconvenience of charging and managing the device [19]
and three dropped out of another study due to discomfort
caused by the device [10]. In [19] it was reported that the
latency in detection was acceptable for most participants
[21].

The study using an in-ear sensor reported that their
participants rated the comfort level a 7.5 out of 10 and
was overall well-liked [8]. Only minor adverse reactions
were reported and there was no loss of hearing from the
device [8].

G. Suggested Future Research

Almost all authors of the included articles made
suggestions for future research. The trends of these
suggestions are summarized here. Many authors wanted
to continue testing their detection system at a higher
study phase which would mean more participants and
studying the performance in the participants’ natural
setting [5], [6], [8], [9], [13], [15]–[17], [23], [27], [28],
[33]–[37], [39]. Many authors also suggested that more
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research should be done to improve the performance of
their systems. The proposed ways of doing this were to
use detection algorithms tailored to an individual, to
improve their methods of data processing, and to use
more sensors, different sensors, or better sensors.
[5]–[7], [10], [11], [14], [16], [18], [20]–[26], [28]–[30],
[34], [35], [38], [40].

IV. DISCUSSION

There are very few options for people with seizures
to detect when they are having a seizure in a normal
environment. Answering this review’s research questions
provides insight into why this may be. The first four
research questions have been answered in the results
section of this review. To answer RQ5, a look at why
some of the prior research questions contributed to the
challenges researchers face is discussed.

A challenge stemming from RQ1 is the limited
amount of publicly available databases that use wearable
sensors. The search performed for this review
encountered only two articles where the authors made a
way for others to get access to their data that was
collected using wearable sensors. Anyone trying to
develop this technology will most likely have to collect
their own data from people with seizures in order to test
if their seizure detection device is viable.

A challenge stemming from RQ2 is proving that any
seizure detection system works in a natural environment
because there are very few ways of knowing when a
seizure truly happened. The current gold standard for
seizure detection is video-EEG but this cannot be
collected while a person is going about their daily
activities. Of the four studies that did not use video-EEG
as their gold standard, the use of intracranial-EEG seems
the most likely to provide a true comparison for the
wearable seizure detector being tested. However, the
limited number of people with intracranial EEG may
make it challenging to conduct a large enough study.
Behind-the-ear EEG is another gold standard used in
these articles. Vandercasteele et al. found that a
neurologist visually reviewing behind-the-ear EEG data
on average had a sensitivity of 65.7% and specificity of
94.4% [6]. They also found that the neurologist was
better at detecting certain types of seizures so this may
be a usable gold standard in certain applications [6].
Elger and Hoppe found that, on average, participants
recorded fewer than 50% of their seizures in seizure
diaries [41]. This shows that seizure diaries are not a
useful gold standard for long-term monitoring.

A challenge stemming from RQ3 is achieving
acceptable performance so that wearable seizure

detectors provide useful information. It is unclear from
the results of this review what the level of performance
should be for use as a commercial or medical device.
Certainly, users of the device will not tolerate a high
false alarm rate if they are alerted every time. It is
recommended by the author that the sensitivity be at
least 90% and the false alarm rate be no more than 10%
of the true number of seizures.

Lastly, it is a challenge to develop a device that is
comfortable enough and unobtrusive enough to be worn
almost every day. Many of the studies that reported the
users’ experience with the device had participants drop
out of the study or not wear the device for long periods
because of discomfort. No matter how accurate the
device is, it can only provide useful information if the
user is willing to wear it long enough for that
information to be collected.

V. SUMMARY

This systematic review sought to answer questions
about what datasets are publicly available that use
wearable sensors, what seizures can be detected, how
well wearable detectors perform, what is the standard for
checking data collected by these devices, and the
challenges to developing a wearable seizure detector.
Based on the information gathered from 34 articles, there
are still significant challenges to developing a wearable
seizure detector that can be used in a natural setting
because current methods of validating data from
wearable detectors in most cases cannot be done outside
of a hospital. Other limitations to the technology are the
performance of seizure detection and the ability for users
to wear the device long-term.

Future research should strive to solve the problem of
validating the proposed seizure detection device while
being worn by a person during daily activities. This will
allow devices in the clinical trial phase to progress to
being used for their intended purpose. The wider the
variety of seizure detectors available to those who want
this technology, the more that can be learned about
seizures in all settings.
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APPENDIXA

List of off-the-shelf wearable devices used in the
selected studies:

● 180 eMotion Faros
● Affectiva Q-curve
● Apple iPod Touch (4th generation)
● Biopac MP160
● Biopac MP36
● Bittium Faros 180
● Brain Sentinel
● Brainlink Lite device (Macrotellect) (Epihunter)
● Empatica E3
● Empatica E4
● ePatch
● Epileptic seizure Detector Developed by IctalCare

(EDDI)
● Fitbit Charge 2
● iCalm
● Nonin WristOx2
● RISE Acreo
● Sensor Dot
● Shimmer3
● SmartWatch by SmartMonitor
● SPEAC System
● TrackIT T4a

APPENDIX B

List of seizure types used to test wearable devices
divided into motor, non-motor, and unspecified seizure
types [42]–[53]:

● Motor
○ Automatisms (2/34)
○ Bilateral tonic-clonic (1/34)
○ Clonic (2/34)
○ Epileptic Seizures (motor only) (1/34)
○ Focal automatisms (1/34)
○ Focal clonic (3/34)
○ Focal motor (2/34)
○ Focal motor tonic-clonic (2/34)
○ Focal to bilateral tonic-clonic (9/34)
○ Focal tonic (2/34)
○ Generalized epileptic spasms (2/34)
○ Hyperkinetic/hypermotor (3/34)
○ Motor element (1/34)
○ Myoclonic (3/34)
○ Partial motor (1/34)
○ Partial with secondary generalization (1/34)
○ Psychogenic nonepileptic seizures (motor only)

(1/34)

○ Secondary generalization (1/34)
○ Tonic (4/34)
○ Tonic-clonic (18/34)

● Non-motor
○ Absence (4/34)
○ Autonomic (1/34)
○ Focal aware (2/34)
○ Focal behavior arrest (1/34)
○ Focal non-motor (1/34)
○ Focal subclinical (1/34)
○ Subclinical (1/34)

● Motor and/or Non-motor
○ Complex partial (3/34)
○ Dyscognitive (1/34)
○ Extratemporal lobe epilepsy (1/34)
○ Front-temporal lobe seizures (1/34)
○ Focal impaired awareness (2/34)
○ Psychogenic nonepileptic seizures (3/34)
○ Partial onset with minimal motor component

(1/34)
○ Temporal lobe epilepsy (1/34)

● Unspecified (11/34)
○ Focal (5/34)
○ Generalized (3/34)
○ Unknown (3/34)
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