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Abstract
Wearable seizure detection devices have the potential to address unmet needs of 
people with epilepsy. A recently published evidence- based international guide-
line recommends using such devices for safety indications in patients with tonic– 
clonic seizures (TCS). Our objective was to map existing guidelines and clinical 
practices at national level. We conducted a survey of the International League 
Against Epilepsy (ILAE) chapters regarding national recommendations and 
practical circumstances for prescribing seizure detection devices, and another 
survey of physicians in the ILAE constituency anywhere in the world, concern-
ing their views and practices regarding recommendations for and prescription 
of such devices. Fifty- eight ILAE chapters (response rate 48%) and 157 physi-
cians completed the surveys. More than two- thirds of responding countries do 
not have standards on wearables for seizure detection, although they indicated 
availability of such devices. The most often recognized indications were safety 
and objective seizure quantification. In nearly half of countries, devices are 
purchased by patients or caregivers, and either lack a uniform reimbursement 
scheme (41%) or patients pay the full cost for the device (48%). Tonic– clonic sei-
zure frequency, nocturnal seizures, and previous injuries were the main factors 
that influenced the surveyed physicians to recommend wearable seizure detec-
tion devices. Our results document the need to implement international clinical 
practice guidelines at national level and to consider these when deciding upon 
reimbursement of seizure detection devices.
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1 |  INTRODUCTION

Epilepsy is a serious condition associated with signifi-
cant risks. Seizures may cause physical injuries1 and in 
the worst case be fatal such as in refractory status epilep-
ticus or sudden unexpected death in epilepsy (SUDEP).2 
Common sense and current data suggest that the risk of 
such serious outcomes is increased if seizures are unno-
ticed and the seizing patient unattended, thus preventing 
timely interventions aimed at mitigating or reverting the 
chain of seizure- induced events.2,3 The fact that many 
seizures are unnoticed, often occurring during nighttime 
or in other situations when patients are without supervi-
sion, is a major safety concern. In addition, the fact that 
our conventional methods of monitoring the effectiveness 
of the prescribed treatment, such as seizure diaries, are 
unreliable, is a major challenge in efforts to optimize the 
treatment.

In recent years, there has been a rapid development of 
different wearable seizure detection devices. The devices 
are designed to detect biological signals indicating a sei-
zure. Existing devices are based on the use of different 
biosignals such as electroencephalography (EEG), electro-
cardiogram (EKG), electromyography (EMG), accelerom-
etry, electrodermal activity, and more.4 Specific patterns in 
such signals can be used to detect and record seizures but 
also to activate a response such as an intervention from a 
caregiver.

Standards have been developed for the testing and clin-
ical validation of seizure detection devices.5 These have 
been used by the “Wearables for Epilepsy and Research 
International Study group” in their proposal for meth-
odology standards to guide research on wearable devices 
for seizure detection.5,6 The International League Against 
Epilepsy (ILAE) and the International Federation of Clin-
ical Neurophysiology jointly published a clinical practice 
guideline on the use of such devices.7 It was concluded 
that wearable devices can be effective in detecting gen-
eralized tonic– clonic and focal to bilateral tonic– clonic 
seizures and can be recommended for such use for safety 
indications, although with “weak or conditional” level of 
evidence.7 However, the extent to which detection alarms 
result in meaningful clinical outcomes was deemed un-
certain.7 Nevertheless, two devices have been approved by 
the Federal Drug Administration for detection of general-
ized tonic– clonic seizures (GTCS) during the resting state 
(Table 1).4 Four additional devices have been approved in 
the European Union for tonic– clonic seizures or for ab-
sences (Table 1).8

Given the lack of conclusive data regarding the im-
pact of seizure detection devices on important clinical 
outcomes and general shortage of data to build on for 
evidence- based guidelines, we were interested to find out 

current national recommendations and practices regard-
ing the use of such devices globally. Thus we conducted 
surveys to explore national recommendations and avail-
ability for prescribing seizure detection devices. In addi-
tion to ILAE chapters, we surveyed practices and opinions 
of individual physicians engaged in the care of persons 
with epilepsy regarding the use of seizure detection 
devices.

2 |  METHODS

2.1 | Survey

This study used two different questionnaires designed by 
the authors of this report and distributed through the We-
bropol tool (licence University of Gothenburg, Webropol 
Sverige AB, Linköping). The survey was developed by TT, 
and tested by JZ, SB, and PR in multiple iterations. The 
first survey, targeting ILAE Chapters, enquired about the 
existence of national guidelines, availability, reimburse-
ment, and principles for prescribing or recommending 
seizure detection devices in different countries (see Ap-
pendix S1 for full questionnaire).

A second questionnaire was directed to physicians in 
the ILAE constituency anywhere in the world with the 
aim to survey their views and practices regarding rec-
ommendations for and prescription of seizure detection 
devices. This second survey consisted first of some basic 
questions regarding the respondents' country, workplace, 
and main area of work (pediatric or adult care, epileptol-
ogy or general neurology) followed by a few general ques-
tions regarding guidelines and the respondents' views on 
main indications for seizure detection devices. A second 
part of this questionnaire consisted of representative se-
ries of case vignettes, covering the most typical use case 

Key Points

• Survey of ILAE chapters and physicians in the 
ILAE on national recommendations and prac-
tices regarding seizure detection devices.

• More than two- thirds of responding countries 
do not have national standards on seizure de-
tection devices.

• The most important indications were safety 
and objective seizure quantification.

• Tonic– clonic seizures, nocturnal seizures, and 
previous injuries were the important factors for 
physicians to recommend wearable devices.
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scenarios, to which the respondent was asked whether 
the use of a seizure detection device was justified. Sepa-
rate sets of case vignettes were used for physicians in adult 
and pediatric care, respectively (see Appendix S2 for full 
questionnaire).

2.2 | Data collection

Invitations to participate in the chapter survey were sent 
to contact persons of each ILAE Chapter in May 2022 
with a reminder in June and a deadline for responding 
on July 15, 2022. Invitation to participate in this second 
survey was announced in the ILAE Newsletters of Sep-
tember, October, and November 2022, and on the ILAE 
website. The deadline for completing this survey was 
December 31, 2022. The survey to the ILAE chapter sur-
vey received 63 responses from 58 chapters. Duplicates 
were merged with preference for the most complete 
response.

2.3 | Statistical analysis

The responses were analyzed with descriptive statistics 
using SPSS for Mac 29 (IBM Corp).

3 |  RESULTS

3.1 | Survey to ILAE chapters

Out of 123 contacted ILAE chapters, 58 (48%) responded 
to the survey. The response was provided by one person, 
presumably the person designated to respond to the invi-
tation sent to the chapter ILAE contact person. The cor-
responding countries are indicated in Figure 1, which also 
marks the chapters reporting having national guidelines 

for recommendation of seizure detection devices. Out 
of all responding chapters, 40 (69%) reported not having 
guidelines or recommendations on the use and indica-
tions for seizure detection devices, 15 (24%) reported using 
guidelines that have been developed internationally, and 4 
(7%) reported having guidelines developed specifically for 
their country.

Chapters were also asked about available types of sei-
zure detection devices and indications (Table  2). Most 
chapter respondents reported having devices targeting 
motor symptoms, followed by EEG, autonomic symp-
toms/skin conduction, and a combination of motor 
activity and autonomic symptoms. Regarding possible in-
dications for seizure detection devices, similar proportions 
of chapter respondents answered safety for patients with 
tonic– clonic seizures, safety for any patient with epilepsy, 
objective seizure quantification, differential diagnosis, 
and family request. Half of the chapter respondents noted 
that there was no consensus on indications for seizure de-
tection devices.

In many countries (49%), devices are purchased by 
patients or caregivers independently of healthcare per-
sonnel, in 31% they are prescribed, and in 20% of the 
responding chapters by a combination of the two. Most 
countries either lack uniform reimbursement scheme 
(41%) or patients pay the full cost for the device (48%). 
Some reimbursement is provided in 11% of the respond-
ing countries of which two countries (4%) report full re-
imbursement provided that the device is prescribed by a 
healthcare professional.

3.2 | Survey to individual physicians

In total 157 physicians responded to the survey 
(Table 3). The majority of responders were from a Eu-
ropean country and hospital- based epileptologists. 
Only 63 (40%) of the respondents claimed that they 

T A B L E  1  Seizure detection devices approved by the US Food and Drug Administration (FDA) and by the European Union (EU).

Device Modality Seizure type Approval as medical device/region

Empatica Embrace Multimodal (accelerometry, EDA) GTCSa FDA Class II/USA
CE Class IIa/EU

Brain Sentinel SPEAC Surface EMG GTCSa FDA Class II/USA

EDDI SeizureLink Surface EMG GTCSa CE Class I/EU

Danish Care EpiCare Accelerometry GTCSa CE Class I/EU

NightWatch Multimodal (accelerometry, HR) GTCSa CE Class I/EU

Epihunter Surface EEG with dry electrodes; AI algorithm Absence CE class I/EU

Abbreviations: EDA, electrodermal activity; EMG, electromyography; HR, heart rate.
aIncluding Generalized Tonic– Clonic Seizures as well as Focal To Bilateral Tonic– Clonic Seizures.
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were aware of any clinical practice guideline on seizure 
detection devices. When asked about which factors in-
fluenced their decision to prescribe seizure detection 
devices, availability of a caregiver responding to the 

alarm, frequency of TCS, nocturnal seizures, and pre-
vious injury were considered very important by most 
responders (Figure 2).

3.3 | Case vignettes

We finally explored the importance of different clinical 
factors in a series of case vignettes, by letting responders 
indicate at what seizure frequency they would prescribe 
a seizure detection device (Figure 3). The pediatric cases 
were shown to responders indicating that they worked 
with children and the adult cases for those working with 
adults.

In a child with focal unaware seizures, more respond-
ers were inclined to prescribe a seizure detection device 
in the presence of nocturnal seizures or previous injuries. 
Without any of these aggravating factors, half of the re-
sponders indicated that they would never prescribe a sei-
zure detection device. If the case included TCS, only 20% 
indicated that they would never prescribe a seizure detec-
tion device.

A similar pattern emerged for adult cases. In an adult 
with focal unaware seizures, 60% indicated that they 
would never prescribe a seizure detection device, but this 
was reduced to <30% in the presence of previous injury. 
If the same circumstances applied to a case of TCS, <15% 
of responders answered that they would never prescribe 
a seizure detection device. Interestingly, the responses 
were not that different if the adult case was altered to 

F I G U R E  1  Map of guideline availability in countries whose chapters responded to the survey.

T A B L E  2  Summary of chapter responses to questions about 
biosignals targeted by available devices, and the main indications.

Chapter answers on available devices and main 
indications

Available n (responses) %

Biosignal targeted

Motor symptom 19 50 38

EEG 15 50 30

Autonomic symptom/
skin conduction

13 50 26

Combination of motor 
and autonomic 
symptoms

14 50 28

Indication

Safety for patient with 
TCS

15 56 27

Safety for any patient 15 56 27

Objective seizure 
quantification

14 56 25

Differential diagnosis 12 56 21

Demand from family 11 56 20

There is no consensus 
on indication

28 56 50
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indicate a longer response time; that there would be a la-
tency for a caregiver available to intervene of 30 min in-
stead of 5 min.

4 |  DISCUSSION

The ILAE chapter survey clearly demonstrated that most 
countries who responded to this survey lack guidelines and 
consensus regarding indications for wearable seizure detec-
tion devices and that devices are purchased by the patients 
who also carry the costs without reimbursement in most 
countries. For individual physicians, nocturnal seizures 
and frequency of TCS were the most important individual 
clinical factors informing the use of seizure detection de-
vices. History of seizure- related injuries and availability of 
someone able to intervene were also considered important 
by most respondents, whereas other seizure types than 
tonic– clonic and patient age were generally considered not 
relevant for offering seizure detection solutions. These pri-
orities were also largely reflected in the responses to the 
case vignettes (Figure  3). For patients with more than 1 
GTCS/month, most physicians would consider prescrib-
ing devices regardless of patient age, history of nocturnal 
seizures, or injuries. In contrast, for patients with other sei-
zures (focal unaware), nocturnal pattern and in particular 
history of seizure- related injuries impacted on physicians’ 
willingness to consider prescribing devices. Among those 
with frequent GTCS, the time to a potential intervention 
(5 or 30 min) from a caregiver did not seem to make a dif-
ference. Although this may seem surprising, it does not say 
that responders think that a device would be equally use-
ful in both instances— with a longer latency until the ar-
rival of assistance, the expectations regarding the potential 
gain with the devices could be the management of injuries 
rather than prevention of SUDEP.

To our knowledge, this is the first global survey of rec-
ommendations and practices regarding wearable seizure 

T A B L E  3  Responder characteristics in the survey to individual 
physicians.

n %

Responders individual phycisians
Epileptologist— Adult 67 43
Epileptologist— Pediatric 32 20
Neurologist— General 16 10
Neuropediatrician 33 21
Pediatrician 8 5
Missing 1 1
Total 157 100

What is your main workplace?
Hospital 112 71
Outpatient clinic 30 19
Private practice 9 6
Other 6 4
Total 157 100

ILAE chapter
Africa 2 1
Asia and Oceania 23 15
Eastern Mediterranean 2 1
Europe 97 62
Latin America 14 9
North America 11 7
Country not in ILAE chapter 1 1
Missing 7 4
Total 157 100

F I G U R E  2  Importance of clinical factors in the individual physicians' survey when considering a seizure detection device (scale 1– 5, 
1 = least important.)



1276 |   ZELANO et al.

detection devices, but it has some important limitations. 
First, the response rate was moderate for the chapter sur-
vey and low for the survey targeting individual physicians. 
Second, there was a European dominance in particular in 
the physician survey. The low number of responses from 
Africa and Asia may reflect that these devices are not avail-
able or approved in these regions but also highlight the 
need for educational efforts targeting these regions. An-
other possible explanation for the few responses from these 
regions is that SUDEP is not considered a major cause of 
death in low- income countries where other causes such as 
injuries and drowning may dominate, and the most burn-
ing issue is access to medication. Hospital- based epilepsy 

specialists also dominated among responders, which is 
expected given that the survey targeted members of the 
ILAE. Hence, physicians in private practice and outpatient 
care were not well represented in the survey. It is also very 
likely that those opting to respond have a special interest 
in seizure detection devices. Hence, the results may not be 
representative of opinions of all physicians involved in the 
management of people with epilepsy, such as general neu-
rologists or pediatricians, but more reflecting the views of 
physicians with a special interest in epilepsy, which is not 
necessarily a drawback.

It should also be acknowledged that, while seizure de-
tection devices can be used to obtain an improved basis 

F I G U R E  3  Case vignettes and proportion of responders that would prescribe a seizure detection device at different seizure frequencies.



   | 1277ZELANO et al.

for treatment decisions and not only to facilitate imme-
diate interventions when seizures occur, our survey was 
designed primarily to assess opinions related to the latter 
indication. Further, the survey did not include any ques-
tion about why physicians would opt not to prescribe 
devices and to what extent this decision related to the per-
formance of the available devices.

For the chapter survey, it should also be acknowledged 
that we do not know to what extent the response given by 
the chapter represents an individual's opinion or the im-
pression that the individual has about the prevalent opin-
ion in the chapter.

Another limitation of the current work is that it does 
not capture the patients' perspectives, experiences, or 
preferences. This has to be done in separate surveys, but 
it needs to be kept in mind when interpreting our results. 
Previous studies have indicated that persons with epilepsy 
in general are willing to use wearable seizure detection de-
vices, but that their performance in terms of false alarm 
rates is a major concern.9

With the rapid technical development, wearable de-
vices are moving targets. It must be understood that the 
physicians' replies can only be based on the specific de-
vices that were available in their individual setting at the 
time of the survey. Nevertheless, there was a reasonable 
consensus among the responders that high frequency of 
tonic– clonic seizures is the most important clinical fac-
tor for considering a device. This is in line with the ILAE 
recommendations.7 While standards for assessment of the 
technical device performance in terms of sensitivity and 
false alarm rates have been developed,6 high- quality stud-
ies on the impact of seizure detection devices on import-
ant clinical outcomes such as injuries, SUDEP, and other 
mortality are lacking. Similarly, there is a shortage of 
studies regarding the impact of seizure detection devices 
on quality of life for patients and carers. These important 
gaps probably contribute to the shortage of national rec-
ommendations and lack of reimbursement schemes. The 
knowledge of both the availability and potential benefits 
of such devices may also be scarce in some regions and 
countries, prompting dedicated educational activities on 
the topic by ILAE commissions, task forces and national 
chapters.

The discrepancy between the rapid technical develop-
ment of devices and the limited understanding of their 
impact on important clinical outcomes, calls for new 
initiatives. While the effect of such devices on monitor-
ing and better control of GTCS may be well assessed in 
future trials, the challenges of investigating the effective-
ness of interventions on rare outcomes such as SUDEP are 
well known.10 This should, however, not discourage from 
the development of studies aiming at analyzing possible 

effects of use of seizure- detecting devices on the risk of 
SUDEP, other seizure- related mortality and morbidity 
including injuries and overall treatment success. Where 
randomized trials are difficult to perform, observational 
studies can be considered, and for such studies the estab-
lishment of patient registers could become very useful. 
The generated data could also enable studies of the cost- 
effectiveness of wearable seizure detection devices facili-
tating decisions on reimbursement.
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