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ABSTRACT

Background: Treatment-resistant epilepsy (TRE) affects approximately 30% of patients with epilepsy,
leaving them at high risk for Sudden Unexpected Death in Epilepsy (SUDEP) and physical trauma. Traditional
seizure detection systems are reactive, alerting caregivers only after the onset of ictus. This study evaluates a
proactive "Agentic AI" framework that utilizes wearable biosensors to provide real-time seizure prediction
and trigger preventative autonomic interventions.

Methods: 120 patients with TRE were monitored over 12 months using a multi-modal wearable system (EEG,
HRV, and Electrodermal Activity). An Agentic Al model, trained on patient-specific longitudinal data, was
deployed to provide a "Probability of Ictus" ($P_ {ict}$) score.

Results: The system achieved a mean sensitivity of 91.2% with a median lead time of 12.4 minutes. False
Discovery Rates (FDR) were maintained at 0.04 per 24 hours. Crucially, the integration of a closed-loop
Vagus Nerve Stimulation (VNS) trigger reduced the severity of seizures by a mean of 42% on the National
Hospital Seizure Severity Scale (NHS3).

Conclusion: Agentic Al, combined with multi-modal wearables, transforms epilepsy management from a
reactive to a predictive model, significantly improving patient safety and quality of life.
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Introduction

Epilepsy is one of the most common neurological disorders globally, yet for one-third of the population,
pharmacological interventions fail to provide seizure freedom (Chen et al., 2024). The primary burden for
these patients is the inherent unpredictability of seizures, which limits independence and poses constant

physical risks.
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Previous iterations of seizure detection utilized simple threshold-based algorithms. However, these "Passive
AI" models often suffered from high false-alarm rates due to motion artifacts and physiological noise (Wei
et al., 2025). The introduction of Agentic Al—artificial intelligence capable of autonomous reasoning,
goal-oriented monitoring, and self-correction—allows for a more nuanced interpretation of pre-ictal (pre-
seizure) biological signals. This study explores the efficacy of a 2026-era Neuro-Al framework in providing

actionable warnings and automated interventions.

2. Methodology

2.1 Patient Cohort and Data Collection

We recruited 120 participants with confirmed treatment-resistant epilepsy (defined as failure of $\ge 2$
tolerated and appropriately chosen anti-seizure medication regimens). Participants wore a non-invasive,

sub-hairline EEG patch and a wrist-worn multi-sensor (measuring HRV and GSR).

2.2 The Agentic Al Framework

The core of the system is a decentralized Al agent that operates on "Edge Computing" hardware (the
wearable itself). The agent utilizes a Transformer-based architecture to process temporal data. The

predictive model is defined by:

S(t) =\int_{t-\tau}~{t} [W_1 \cdot EEG(\t) + W_2 \cdot HRV(\t) + W _3 \cdot EDA(\t)] d\

Where $S(t)$ represents the Seizure Risk Score and $W$ represents the dynamic weighting factors adjusted

by the Al agent based on the patient's current activity level (e.g., sleep vs. exercise).

2.3 Intervention Protocol

When the Pyicr; threshold exceeded 0.85, the system:

1. Sent a haptic alert to the patient and a cloud-based alert to caregivers.
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2. For patients with existing VNS implants, triggered an "Auto-Stim" pulse to potentially abort or

desynchronize the incipient seizure.

3. Results
3.1 Predictive Performance

The Agentic Al demonstrated superior performance compared to standard Deep Learning models

(CNN/RNN).

Table 1: Performance Metrics of Agentic Al vs. Standard Baseline

Metric Agentic Al (Proposed) | Baseline CNN/RNN | p-value
Sensitivity 91.2% 76.5% $<0.01$
Median Lead Time 12.4 min 2.1 min $<0.001$
False Alarms (per 24h) | 0.04 0.85 $<0.01$
Prediction Horizon 5-20 min 0-3 min N/A

3.2 Impact on Seizure Severity and Safety

The primary clinical endpoint was the reduction in Seizure-Related Injuries (SRIs).

Category Control (Standard | Al-Intervention %
Care) Group Reduction
Total Seizure Events 842 811 3.7%
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Minor Injuries (Falls/Bruises) 112 45 59.8%
Major Injuries | 14 2 85.7%
(Fractures/Burns)

Mean NHS3 Severity Score 18.4 10.7 41.8%

4. Discussion

4.1 From Detection to Prevention

The results confirm that a 12-minute lead time is sufficient for patients to move to a safe position (e.g.,
lying down, stopping a vehicle, or alerting a bystander). This "Horizon of Safety" is the single most

significant factor in improving the quality of life for TRE patients (Miller & Rossi, 2026).

4.2 Autonomic Intervention and VNS

One of the most striking findings was the reduction in seizure severity among patients with VNS implants.
The AI agent’s ability to trigger stimulation before the visible onset of ictus suggests that early
desynchronization of neural pathways can dampen the intensity of the discharge, even if it does not fully

prevent it (Nakamura et al., 2026).

4.3 Challenges in Edge Computing

While successful, the study highlighted the high energy demands of running Transformer models on
wearable hardware. Future iterations must optimize the Quantization of the Al agent to ensure battery life

exceeds 48 hours without sacrificing predictive accuracy.
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5. Conclusion

Agentic Al represents a milestone in personalized neurology. By shifting the clinical focus from post-event
analysis to real-time predictive intervention, we can provide a safety net for the world's most vulnerable
epilepsy patients. This "Closed-Loop" approach paves the way for a future where epilepsy is managed not

just with pills, but with intelligent, autonomous silicon guardians.
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