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Real-Time Non-EEG Convulsive Seizure Detection Devices:
They Work; Now What?

Automated Real-Time Detection Of Tonic-Clonic Seizures Using a Wearable EMG Device.
Beniczky S, Conradsen |, Henning O, Fabricius M, Wolf P. Neurology 2018;90:e428-e434.

OBJECTIVE: To determine the accuracy of automated detection of generalized tonic-clonic seizures (GTCS) using a
wearable surface EMG device. METHODS: We prospectively tested the technical performance and diagnostic accuracy
of real-time seizure detection using a wearable surface EMG device. The seizure detection algorithm and the cutoff val-
ues were prespecified. A total of 71 patients, referred to long-term video-EEG monitoring, on suspicion of GTCS, were
recruited in 3 centers. Seizure detection was real-time and fully automated. The reference standard was the evaluation
of video-EEG recordings by trained experts, who were blinded to data from the device. Reading the seizure logs from
the device was done blinded to all other data. RESULTS: The mean recording time per patient was 53.18 hours. Total re-
cording time was 3735.5 hours, and device deficiency time was 193 hours (4.9% of the total time the device was turned
on). No adverse events occurred. The sensitivity of the wearable device was 93.8% (30 out of 32 GTCS were detected).
Median seizure detection latency was 9 seconds (range —4 to 48 seconds). False alarm rate was 0.67/d. CONCLUSIONS:
The performance of the wearable EMG device fulfilled the requirements of patients: it detected GTCS with a sensitivity

exceeding 90% and detection latency within 30 seconds. CLASSIFICATION OF EVIDENCE: This study provides Class ||
evidence that for people with a history of GTCS, a wearable EMG device.

Commentary

However devastating sudden unexpected death in epilepsy
(SUDEP), there are alluring factors that suggest that prevention
is only just out of reach. Despite the frequency of generalized
tonic—clonic (GTC) seizures that are provoked, SUDEP is rare

in the epilepsy monitoring unit (1). It is believed that quick in-
tervention from nurses in reviving and repositioning is critical.
In fact, mere supervision at night was significantly associated
with a decreased risk of SUDEP (2, 3). Perhaps even the most
rudimentary home intervention is sufficient, if only GTC sei-
zures can be detected quickly.

In the current paper, Beniczky et al. present a study using an
arm-worn EMG device to detect GTC seizures. In a study of rela-
tively moderate size consisting of 32 GTC seizures in 20 patients,
they reported a detection sensitivity of 93.8% (30 of 32 seizures)
with low latency (median 9 sec, max 48 sec), and a false alarm
rate (FAR) of 0.67/day. Most significantly, they reported no
adverse events at all. The study has several strengths. The study
design was prospective, an important step in validating the pre-
vious retrospective work with EMG-based devices (4); seizure
detection algorithms typically tend to do better on retrospec-
tive data where overfitting can become problematic. The algo-
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rithm was simple and straightforward, the importance of which
is demonstrated in the fact that 1) it allowed implementation
of a“generic” version for all patients without requiring indi-
vidual tuning; 2) the device is capable of real-time analysis and,
though turned off for this study, generating real-time alarms.

There is a comparable prospective American trial by Hal-
ford et al. (5) with similar patient characteristics, population
size, and recording device. They reported substantial variability
in detection sensitivity based on placement of the recording
device. Once ideally placed, they detected 29 of 29 GTCs with
a latency of 7.7 sec, and false alarm rate of 1.44/day. More
significantly, they reported adverse events in 28%, leading
to withdrawal in 9% of patients, mostly due to skin irritation
from the electrode patch. It is not clear why there was such a
marked discrepancy, but may in part be explained by the type
of adhesive utilized.

A second method based on electrodermal activity and
accelerometer deserves mention (6). The major advantage of
this device as compared to EMG-based ones is that it is much
more practically wrist-worn. Although prospective studies have
not yet been published, it appears to have similar sensitivity
with potentially somewhat lower false alarm rates (7). More
significantly, it gained FDA approval as a medical device in the
United States earlier this year.

Some differences aside, we now have a reasonable estimate
regarding the performance of these devices, raising several
questions that need to be addressed:
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Will These Seizure Detection Devices Function Well in Real-
Life Outpatient Settings?

The device is tested in a highly controlled inpatient setting.

It is applied by the investigators, not the patient or family,
ensuring optimal contact and positioning. Halford’s study had
demonstrated how potentially sensitive the device may be to
positioning errors. The battery is changed three times a day,
something that is hardly realistic in a real-world setting. The
device was on the patient, on average, for only 50 hours. In the
provided photographs, the device is quite sizable, and it seems
hardly likely that the device could be used on a consistent ba-
sis, even if used only at nighttime. Surely, further miniaturiza-
tion will improve this issue. From an ergonomics perspective,
a wrist-worn device would be far more palatable for uninter-
rupted long-term use.

The problem of FAR perhaps presents the most vexing
challenge to these class of devices, both in terms of true
alarm to false alarm ratios, as well as the absolute number of
false alarms. Frequent uncontrolled GTCs comprise a small
number of the most severely ill patients. In most patients,
GTC seizures are rather rare events. As such, the higher the
mass adoption rate, the less frequent the opportunity to de-
liver true positive signals. The FAR, of course, will not dimin-
ish; thus, the population signal-to-noise ratio will decline as
these alarm devices are adopted more widely, likely leading
to alarm fatigue. In terms of absolute numbers of false alarms,
even in a device with excellent performance characteristics
such as this one, patients and their caretakers will be forced
to deal with several false alarms every week. This may be tol-
erable over the long term to the most dedicated patients and
caregivers but will likely be unacceptable to most, particu-
larly if immediate action in response to an alarm is required.
Perhaps improved algorithm design and intelligent comput-
ing will decrease the FAR, further ameliorated if these devices
are used only at night when the FAR is low. Although the risk
of SUDEP is highest during the night, it is not exclusively a
nocturnal phenomenon.

Usage of these devices will likely also incur significant cost
beyond just the acquisition of the device. Given the inevitable
FAR, successful use and monitoring likely will require some
type of external monitoring service, incurring ongoing fees.
One may also be concerned with the other implication of these
devices. Would failure to offer or inform of these devices consti-
tute negligence on the physician’s part, especially when the
regular discussion of SUDEP has only relatively recently been
advocated? Can such devices be introduced without promot-
ing a brand? Moreover, there will likely be a large amount of
guilt on the part of the family who chooses not to utilize a
device, especially if a loved one succumbs to SUDEP.

Although the current alarming devices are designed to
alert family members, the generated data will almost certainly
filter over to the treating physician. The generated data would
be of substantial value if habitual, disabling seizures were
quantified, but data with clinically easily recognized convul-
sions, intermixed with reams of alarms that (more often than
not) are false, may not be particularly useful and just cause
information burden. None of the current devices has any
utility in detecting focal seizures, the most common disabling
seizures in patients with epilepsy.

Will These Devices Prevent SUDEP?

All of the previous concerns would be tolerable if these devices
actually lowered the risk of SUDEP. The rate of SUDEP is low, so
it is unlikely that any kind of controlled trial is feasible. Answers
will have to be derived from long-term follow-up epidemio-
logical studies.

Assuming the existence of an ideal device, always func-
tioning without failure, sufficiently tolerable for the patient
to wear it continuously, and producing no false alarms, we
will likely find that GTC seizure rates are underestimated by a
certain number of patients and families. Widespread adop-
tion of these devices may result in more intense treatment of
seizures, with greater willingness on the part of the neurolo-
gist to try another anti epileptic drug (AED). This in itself may
potentially decrease the rate of SUDEP. Analysis of randomized
placebo-controlled adjunctive AED trials have demonstrated
that additional drug trials, at least in the short term, may
decrease the risk of SUDEP (8). More importantly, demonstrat-
ing an accurate high GTC seizure frequency may motivate
a patient to be more compliant with the medication regi-
men—though this is hardly the main reason for noncompli-
ance for many patients. The undesired consequence may also
be overtreatment of seizures, resulting in more side effects
and lower quality of life, using adjunctive medications that, in
the long run, may not confer any long-term benefits toward
seizure freedom.

In the patient whose GTC seizures remain uncontrolled,
it is unclear whether even an ideal device would be able to
prevent SUDEP; certainly, it would likely be far less useful in
adults than children. Epilepsy patients, once they leave their
parents, are less likely to be married and more likely to live
alone (9). Although it is not known what the critical window
for resuscitation is, it is uncertain that anyone not living with
the patient would reach the patient within that time period.
There is already one reported SUDEP in a patient wearing a
wrist-worn seizure detection device that appeared to function
as designed. Despite an attendant reaching the patient within
15 minutes of notification, he was found prone and pulseless.
Respiratory cessation appeared to occur in less than 5 minutes
after seizure cessation (10). Will there even be enough time for
a parent to wake up and run to a convulsing child’s room?

Nonetheless, it is critical to continue to promote techno-
logical innovation and device development in this field. Our
smartphones and wrist- worn devices track and monitor us
with accuracy that would have been unimaginable even a
generation ago. The arrival of these detection devices, like all
technological advances, will feel premature and its adoption
chaotic, for good reason. Nonetheless, for epileptologists who
treat patients with medically uncontrolled seizures and for
families who may lose loved ones to SUDEP, no potential op-
tion can come soon enough.

by Jong Woo Lee, PhD

References
1. Ryvlin P Nashef L, Lhatoo SD, Bateman LM, Bird J, Bleasel A, Boon P,
Crespel A, Dworetzky BA, Hogenhaven H, Lerche H, Maillard L, Malter
MP, Marchal C, Murthy JM, Nitsche M, Pataraia E, Rabben T, Rheims S,
Sadzot B, Schulze-Bonhage A, Seyal M, So EL, Spitz M, Szucs A, Tan M,

165



Performance of an EMG-Based Seizure Detection Devices

Tao JX, Tomson T. Incidence and mechanisms of cardiorespiratory ar-

rests in epilepsy monitoring units (MORTEMUS): A retrospective study.

ANV

Epilepsia [online serial] 2012;53:293-97. Accessed at: http://www.ncbi.
nlm.nih.gov/pubmed/22432935.

Lancet Neurol [online serial] 2013;12:966-977. Accessed at: http:// 7. Onorati F, Regalia G, Caborni C, Migliorini M, Bender D, Poh M-Z,
www.ncbi.nlm.nih.gov/pubmed/24012372. Frazier C, Kovitch Thropp E, Mynatt ED, Bidwell J, Mai R, LaFrance WC,

. Langan', Nashef L, Sander JW. Case-control study of SUDEP. Neurol- Blum AS, Friedman D, Loddenkemper T, Mohammadpour-Touserkani
ogy 2005;64:1131-1133. F, Reinsberger C, Tognetti S, Picard RW. Multicenter clinical assess-

. Nashef L, Fish DR, Garner S, Sander JWAS, Shorvon SD. Sudden death ment of improved wearable multimodal convulsive seizure detectors.
in epilepsy: A study of incidence in a young cohort with epilepsy and Epilepsia [online serial] 2017;1:1-10. Accessed at: http://doi.wiley.
learning difficulty. Epilepsia 1995;36:1187-1194. com/10.1111/epi.13899.

. van Andel J, Thijs RD, de Weerd A, Arends J, Leijten F. Non-EEG 8. Ryvlin P Cucherat M, Rheims S. Risk of sudden unexpected death
based ambulatory seizure detection designed for home use: What in epilepsy in patients given adjunctive antiepileptic treatment for
is available and how will it influence epilepsy care? Epilepsy Behav refractory seizures: A meta-analysis of placebo-controlled randomised
[online serial] 2016;57:82-89. Accessed at: http://dx.doi.org/10.1016/j. trials. Lancet Neurol [online serial] 2011;10:961-968. Accessed at:
yebeh.2016.01.003. http://www.ncbi.nlm.nih.gov/pubmed/21937278.

. Halford JJ, Sperling MR, Nair DR, Dlugos DJ, Tatum WO, Harvey J, 9. Jennum P, Christensen J, Ibsen R, Kjellberg J. Long-term socio-

French JA, Pollard JR, Faught E, Noe KH, Henry TR, Jetter GM, Lie economic consequences and health care costs of childhood and
OV, Morgan LC, Girouard MR, Cardenas DP, Whitmire LE, Cavazos JE. adolescent-onset epilepsy. Epilepsia 2016;57:1078-1085.
Detection of generalized tonic—clonic seizures using surface electro- 10. Picard RW, Migliorini M, Caborni C, Onorati F, Regalia G, Friedman D,

myographic monitoring. Epilepsia 2017;58:1861-1869.

. Poh MZ, Loddenkemper T, Reinsberger C, Swenson NC, Goyal S,
Sabtala MC, Madsen JR, Picard RW. Convulsive seizure detection using
a wrist-worn electrodermal activity and accelerometry biosensor.

Where Quality of Life and Quality of

Devinsky O. Wrist sensor reveals sympathetic hyperactivity and hy-
poventilation before probable SUDEP. Neurology [online serial]. Epub
2017:10.1212/WNL.0000000000004208. Accessed at: http://www.
ncbi.nlm.nih.gov/pubmed/28701502.

are Come Together

N

Neurology Opportunity in the Beautiful
Berkshires~*Western Massachusetts

e Endless cultural opportunities,

Berkshire Health Systems Opportunity
e Full and Part Time opportunities.

option and relocation.

of comprehensive healthcare services.

¥ We understand the importance of balancing work with a healthy personal lifestyle.
e Berkshires, a 4-season resort community

e World renowned music, art, theater, and museums

e Year round recreational activities from skiing to kayaking.

e Excellent public and private schools make this an ideal family location,
e Just 2 ¥ hours from both Boston and New York City.

e Subspecialty or General Neurology interests welcome.

e 1in 7call arrangement gives you the 'perfect’ position to balance both your
professional interests and personal commitments.

e Flexible balance of inpatient/outpatient coverage

e Competitive compensation and benefits package, including sign on, productivity

Berkshire Medical Center, BHS's 302-bed community teaching hospital and Trauma Center,
is a major teaching affiliate of the University of Massachusetts Medical School. With the latest
technology and a system-wide electronic health record, BHS is the region's leading provider

Interested candidates are invited to contact:
Shelly Sweet, Physician Recruitment Specialist
msweet@bhs1.org or

Apply online at: www.berkshirehealthsystems.org

& Berkshire
Health Systems

www.berkshirehealthsystems.org

166



