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A patient has generalized tonic-clonic seizures (GTCS) despite taking 3 antiepileptic drugs and
dies suddenly in the shower. A similar patient falls asleep while watching television on the
couch—his wife finds him face down, dead, in the morning. These catastrophic outcomes are
due to sudden unexpected death in epilepsy (SUDEP) and may be preventable.1,2 Following
GTCS, most patients develop postictal EEG suppression with immobility and respiratory
dysfunction.3–5 A prone sleeping position appears to increase risks that a patient will asphyxiate
following convulsive seizures and develop terminal apnea and arrhythmias. A separate group of
patients with focal seizures appear to develop autonomic dysfunction and lethal arrhythmias.6

So how might we reduce risks for SUDEP?

In this issue, Beniczky et al.7 describe a highly accurate wearable EMG seizure detector device
that can alert family and caregivers to patients’ GTCS. This and other non-EEG seizure
detectors in development, e.g., BrainSentinel, Smart Watch, Embrace, and EpiWatch, offer the
possibility that caregivers can be alerted to GTCS and potentially provide timely interventions,
such as turning patients to prevent respiratory and cardiac complications of seizures.5

Non-EEG seizure detection is in early development: the study by Beniczky et al. is particularly
promising since it shows GTCS can be detected rapidly to enable effective intervention. There
are several issues to be cleared up, however, before recommending that patients with un-
controlled GTCS and their families purchase these non-EEG seizure detectors and pay for
subscriptions. First, this and most other detector systems have only been evaluated in epilepsy
monitoring units (EMUs). It is unclear whether they will be accurate in ambulatory patients,
and how well EMG patch devices will be tolerated over long wearing periods. It is also unclear
whether false-positive detection rates will be acceptable in active (and exercising) patients
outside of EMUs. The wearable EMG device had 0.67 false alarms per day in EMU use, which is
similar to several other non-EEG seizure detectors. The median frequency of tonic-clonic
seizures in the test patients as outpatients was 1.75 per month. A potential false-to-true positive
ratio of 10:1 is higher thanmost patients would accept.8 However, two-thirds of patients did not
trigger any false alarms during the study, and only 2 false alarms occurred at night, both during
arousal. Similarly, a seizure detection system combining electrodermal activity and accel-
erometry reported no false alarms during quiescent rest.9 This is important since nocturnal false
alarms during sleep are those that might lead to alerting fatigue, while false alarms occurring
during the daytime enable immediate cancelation by the patient.

The timing and effectiveness of interventions need to be established as a benchmark for device
effectiveness. It appears that apnea and bradycardia onset may occur in the postictal phase,
approximately 100 seconds after the onset of GTCS.5 This coincides with the median onset of
oxygen desaturation (<90%O2 saturation).

4 The EMG seizure detector identified seizures with
a median latency of 9 seconds following GTCS onset, which seemingly would be sufficient
warning to allow caregivers to provide interventions (if they are nearby), e.g., turning patients to
minimize postictal respiratory dysfunction. Providing detection without the ability to assist
patients is not helpful, as shown by a recent fatality due to SUDEP when a caregiver checked on
a patient 15 minutes after seizure detection.10 It is unclear how improved seizure first aid could
be best accomplished. SUDEP, though, is most common with nocturnal convulsions, a time
when caregivers are most likely to be available.

From Johns Hopkins University (G.L.K.), Baltimore, MD; and Department of Neurosciences Cliniques (P.R.), Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the editorial.

RELATED ARTICLE

Automated real-time
detection of tonic-clonic
seizures using a wearable
EMG device
Page 221

Copyright © 2018 American Academy of Neurology 1

Copyright ª 2018 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://dx.doi.org/10.1212/WNL.0000000000004901
mailto:gkrauss@jhmi.edu
http://n.neurology.org/lookup/doi/10.1212/WNL.0000000000004901


Another issue is determining which patients with epilepsy
might be most helped by non-EEG seizure detection. The
answer appears to be anyone with uncontrolled GTCS, since
this is the single most important risk factor for having
SUDEP.1,5 Which level of risk might justify using continuous
monitoring systems is a more difficult question to answer,
given SUDEP rates estimated at 0.4% per year in patients with
uncontrolled seizures, and might culminate to 1.8% per year
in patients with frequent GTCS.5 Non-EEG seizure detectors
have other potential benefits besides reducing risks for
SUDEP. For example, patients are unaware of up to 40% of
seizures. Devices informing on true seizure frequency may
improve targeting of therapies. Another potential benefit is
that mobile HRmonitoring might help identify patients at risk
for peri-ictal arrhythmias. Patients with repeated major seiz-
ures are at increased risk for cardiac arrhythmias,6 possibly
linked to T-wave alternans.11

Another concern is which type of non-EEG seizure detector
should be used. This is unclear, as new systems are being
developed, includingmultimodal detectors combining various
sensors such as electrodermal activity and accelerometry.9

Patients prefer avoiding patches and visible devices and prefer
smart clothing or watches.8 Nonetheless, EMG-based systems
are becoming thinner and may be hidden under shirtsleeves;
detectors based on ictal movements and increases in elec-
trodermal activity and tachycardia may detect seizures at
longer time periods after seizure onset than EMG devices.

Non-EEG seizure detection is part of a mobile health device
revolution in which patients may use smartphones andmobile
devices such as seizure detectors to enhance disease moni-
toring and detection of critical changes in condition, including
seizure linked with serious arrhythmias. Hopefully, research
using non-EEG seizure detection devices will improve un-
derstanding of peri-ictal phenomena associated with increased

SUDEP risks. These devices—enabling caregiver inter-
ventions during seizures, telemedicine applications, and im-
proved seizure tracking—have tremendous potential to
greatly enhance epilepsy care.
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