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ABSTRACT

Epileptic seizures are associated with injury risk, sudden unexpected death in
epilepsy (SUDEP), and profound impacts on quality of life and independence.
Real-time seizure detection through wearable sensors — monitoring
electrodermal  activity, accelerometry, heart rate variability, and
electromyography — offers the potential for timely alert generation, enabling
caregiver intervention and emergency response that could reduce seizure-related
morbidity and mortality. This review analyses 36 studies of wearable seizure
detection systems published between 2017 and 2024, evaluating sensor
modalities, signal processing approaches, machine learning classifiers, and
clinical validation status. Multimodal wearable systems combining electrodermal
activity, accelerometry, and cardiac monitoring achieve sensitivity of 80—-95% for
convulsive seizure detection with false alarm rates of 0.1-1.0 per hour. Focal and
absence seizures remain poorly detected by peripheral sensors. The implications
for seizure monitoring and patient safety in Uzbekistan are discussed.
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1. INTRODUCTION
Epilepsy is characterised by recurrent unprovoked seizures, which in their most
severe manifestations — generalised tonic-clonic seizures (GTCS) — carry

significant risks of injury from falls, prolonged unconsciousness, and sudden
unexpected death in epilepsy (SUDEP), estimated to occur in 1 in 1,000 patients
per year (Thurman et al., 2014). Despite optimal antiseizure medication,
approximately 30% of patients have drug-resistant epilepsy with persistent
seizures, for whom real-time seizure detection enabling timely caregiver or
emergency response could be life-saving.

Wearable seizure detection systems offer continuous, non-invasive monitoring
that can alert caregivers or emergency services immediately upon seizure onset
detection. Unlike video EEG monitoring — the gold standard for seizure
detection, limited to inpatient epilepsy monitoring units — wearable sensors can
be worn continuously in the home and community environment, providing
ecologically valid detection in the settings where seizures most commonly and
consequentially occur. Multiple peripheral physiological signals correlate with
ictal activity: accelerometry detects the characteristic thythmic limb movements
of GTCS; electrodermal activity (EDA) — galvanic skin response — reflects the
autonomic activation accompanying most seizures; and heart rate exhibits peri-
ictal changes detectable by photoplethysmography.

Machine learning classifiers — applied to multimodal wearable sensor data
streams in real time — can discriminate seizure-related physiological patterns
from normal daily activity with clinically meaningful sensitivity and specificity.
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This review evaluates the current evidence base for wearable seizure detection to
assess clinical deployment readiness and identify priority research needs.

2. MATERIALS AND METHODS

A systematic search of PubMed, Scopus, and IEEE Xplore identified 36 studies
of wearable seizure detection published between 2017 and 2024. Inclusion
required original research, wearable peripheral sensor input, machine learning or
signal processing classifier, and reporting of sensitivity and false alarm rate in an
epilepsy patient sample. Studies were categorised by sensor modality, seizure
type targeted, and validation setting (laboratory, hospital monitoring unit, or
home environment).

3. RESULTS

For convulsive seizure detection (GTCS and clonic seizures), multimodal
wearable systems combining accelerometry, EDA, and cardiac monitoring
achieved sensitivity of 80-95% with false alarm rates of 0.1-1.0 per hour in
included studies. Single-modality accelerometry achieved sensitivity of 75-90%
for GTCS but substantially higher false alarm rates of 1.5-5.0 per hour. EDA-
only systems achieved sensitivity of 70-85% for GTCS and demonstrated
superior performance for detecting non-convulsive seizures with significant
autonomic activation. Commercially available wearable seizure monitors
(Empatica E4, GW Insync IVES) were evaluated in 12 studies, demonstrating
real-world deployment feasibility. Focal and absence seizures — lacking the
characteristic convulsive movements or marked autonomic activation — were
poorly detected by all wearable peripheral sensor systems, with sensitivity below
50% in most studies.
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4. DISCUSSION

The evidence supports the clinical utility of wearable seizure detection for
convulsive seizures, where the combination of characteristic movement patterns
and autonomic activation provides a robust multimodal signal. The performance
gap for non-convulsive seizures reflects the fundamental limitation of peripheral
sensor monitoring and underscores the complementary — rather than

replacement — role of wearables relative to EEG-based seizure monitoring. For
patients with GTCS and SUDEP risk, current wearable systems achieve
sensitivity levels justifying clinical use as alerting devices in supervised home
environments, with false alarm rates low enough for practical acceptance by
patients and caregivers.

5. CONCLUSION

Wearable multimodal seizure detection systems achieve clinically useful
sensitivity of 80-95% for convulsive seizures with false alarm rates of 0.1-1.0
per hour, supporting their use as alerting devices for GTCS in supervised settings.
Detection of focal and absence seizures remains a significant unmet technical
need. For epilepsy services in Uzbekistan and Central Asia, wearable seizure
monitors represent a practical technology for improving patient safety,
particularly for patients with drug-resistant GTCS living in settings without
continuous caregiver supervision. Implementation requires regulatory pathway
development, integration with emergency response systems, and patient and
caregiver training programmes.
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