


" Clinicians
will not be replaced by ML/AI, 

but clinicians without ML/AI will be replaced 
by clinicians supported by ML/AI "



" While explainable ML/AI is
attractive, one benefit of ML/AI methods is to 

identify patterns across thousands of data 
points that humans cannot reasonably 

comprehend. "
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Diagnosis and 

Detection of Seizures 

and Other Patterns



AI-assisted EEG interpretation

Current technology

Faster Analysis



JAMA Neurology 2023

Standardized Computer-based Organized Reporting of EEG–Artificial Intelligence 

[SCORE-AI]

▪ Multicenter

▪ Convolutional neural network (CNN) model

▪ 30,493 recordings of patients referred for EEG were 

included into the development data set annotated by 
17 experts

▪ Validated using 3 independent test data sets

Patients aged more than 3 months 

and Not critically ill were eligible



EEG

Abnormal vs 
Normal

Focal EDs

Gen EDs

Focal non-
EDs

Diffuse 

non-EDs
Seizure vs Not 

seizure

EDs vs 

Not EDs

Ambulatory setting (Routine EEG at OPD) (AutoScore®)



Tveit J et al., JAMA Neurol 2023

SCORE-AI













Promising for developing

Current technology

Faster Analysis



EEG

Abnormal vs 
Normal

Focal EDs

Gen EDs

Focal non-
EDs

Diffuse 

non-EDs
Seizure vs Not 

seizure

EDs vs 

Not EDs

Locations

Locations

Ambulatory setting (Routine EEG at OPD) (AutoScore®)



Prediction score for determining 

seizure risk 

and the necessity of EEG 

monitoring



"2HELPS2B"

✓ > 2 Hz

✓ Epileptiform

✓ LPD

✓ Plus

✓ Seizure (prior)

✓ BIRD (2 points)

Struck AF et al., JAMA Neurol 2017

Struck AF et al., JAMA Neurol 2020



Struck AF et al., JAMA Neurol 2017

Struck AF et al., JAMA Neurol 2020

Recommend duration of  EEG monitoring



SPaRCNet

(“SPaRC” stands for Seizures, Periodic and Rhythmic pattern Continuum)

Neurology 2023



EEG

Seizure

LPDs

GPDs

LRDA

GRDA

Non-IIC

Critically ills (Continuous EEG)(SPaRCNet)

Ictal-Interictal Continuum (IIC) 

Patterns 



Promising for developing

Current technology

Faster Analysis



Critical care 
Dynamic changes 

of cerebral functions



Remote EEG monitoring

Current technology

Faster Analysis



If the hypothesis is true

Early NCS/NCSE detection by EEG

Lead to early and appropriate treatment 
for NCS/NCSE

Better functional outcomes

EEG
help detect seizures and 

guide for appropriate 
management 

Telemedicine (TM)
Delivery of care to distant 

hospitals by specialists 

Tele-EEG

Solutions

EEG is still not feasible to be used in 
everywhere since it essentially 

requires EEG specialists to interpret 
the findings 

Rationales



8 Study sites



Limotai C et al., Critical Care 2025 

8 Study sites



Limotai C et al., 
Critical Care 2025 

doi: 10.1186/s13054-024-05246-x. PMID: 39773282; PMCID: PMC11707894.

Critical Care Jan 2025

2024 Impact Factor 9.3 (Tier 1, 3rd rank in Critical Care)



Limotai C et al., 
Critical Care 2025 

Conclusions:

▪ While Tele-cEEG may help detect NCS/NCSE, this study had limited power to 

detect its efficacy in reducing mortality or improving functional outcomes.

▪ In limited-resource settings, Tele-rEEG approximating 30 min or longer offers 

a feasible and potentially valuable initial screening tool for critically ill 

patients at-risk of seizures. However, where Tele-cEEG is readily available, it 

remains the recommended approach.



Wearable devices

Current technology

Faster Analysis



NEJM 2024



Ginsburg GS et al.; NEJM 2024



Donner E et al.; NEJM 2024



Embrace® received clearance by the US FDA in 2018 (Class II) for GTCS 
monitoring during periods of rest for adults and children aged 6 and up



Regalia G et.al..; Epilepsy Res 2019

Continuous ambulatory monitoring
Accurate seizure count

Real-time alerts for 

prompt intervention

A “machine learning algorithm” able to recognize ACC and 

EDA signatures of  GTCS-like events

❖ Elevated sensitivity to GTCS (92–
100%)

❖ IPD: Lower false alarm rate (FAR) from 
the initial ˜2 down to 0.2–1 false 
alarms/day

❖ OPD: initial ˜6 down to < 0.5 false 
alarms/day





The Wearables for Epilepsy And Research (WEAR) 
International Study Group identified a set of methodology 
standards to guide research on wearable devices for seizure 
detection

We formed an international consortium of experts from clinical 
research, engineering, computer science, and data analytics at 
the beginning of 2020

Introducing a framework of methodology standards promotes 
optimal, accurate, and consistent data collection. It also 
guarantees that studies are generalizable and comparable, 
and that results can be replicated, validated, and shared.

Setup of  the technical environment for in-hospital 

studies on wearable devices for seizure detection

(setting epilepsy monitoring unit)

Bruno E et al.; Epilepsia 2021



Tools for 

Epilepsy Surgery



K.B. García-Ram´o et al.; Clinical Neurology and Neurosurgery 232 (2023)



K.B. García-Ram´o et al.; Clinical Neurology and Neurosurgery 232 (2023)

Structural MRI: Diagnosis of 

FCD, TLE, HS, JME (connectivity)



K.B. García-Ram´o et al.; Clinical Neurology and Neurosurgery 232 (2023)

Functional Imaging: Diagnosis and 

Lateralization of  TLE



K.B. García-Ram´o et al.; Clinical Neurology and Neurosurgery 232 (2023)

Surgical Planning and Outcomes



▪ Small sample size

▪ Very few studies performed external validation

Challenges implementing in practice



Large Language Models 

(ChatGPT)



AI Chatbot
C h a t b o t s  u s e  l a r g e  d a t a b a s e s  t o  t r a i n  
c o m p u t a t i o n a l  m o d e l s  t o  s e e d  t h e  f i r s t
w o r d  o f  a  r e s p o n s e  t o  a  p r o m p t ,  t h e n  p r e d i c t  
t h e  b e s t  o r  m o s t  l i k e l y  w o r d ,  o r  t o  s t o p  t h e  
r e s p o n s e

FUNDAMENTAL:

T h e r e  a r e  o v e r  1 7 0 , 0 0 0  w o r d s  i n  t h e  E n g l i s h  
l a n g u a g e ;  t h e r e f o r e ,  f o r  a  m a c h i n e  t o
i n t e r p r e t  j u s t  t w o - w o r d  p h r a s e s ,  t h e  
a l g o r i t h m  l i k e l y  n e e d s  t o  b e  t r a i n e d  o n  o v e r  
3 0 - t r i l l i o n  w o r d - p a i r s  ( 1 7 0 , 0 0 0  s q u a r e d )

Training with large databases:

Kerr WT & McFarlane KN; Current Neurology and Neuroscience Reports (2023) 

L i k e l y  r e l y  o n  m a s s e s  o f  p u b l i c l y  f a c i n g  
i n f o r m a t i o n  a n d  p r o b a b l y  e x c l u d e  i n f o r m a t i o n  
t h a t  r e q u i r e s  a d d i t i o n a l  l e v e l s  o f  a c c e s s
( e . g . ,  t e x t b o o k s ,  s u b s c r i p t i o n - b a s e d  p e e r -
r e v i e w e d  l i t e r a t u r e  r e q u i r i n g  j o u r n a l  
s u b s c r i p t i o n s )

Limitations:



A I  re s p ons e s  t h a t  ap p e ar  i nc or re c t  o r  
nons e ns ic a l

1 .  Ch a t GP T  was  as k e d  fo r  t h e  s u rg ic a l  
op t ions  t o  t re a t  b i l a te ra l  tempora l  ep i l epsy ,  

i t  s ug g e s t e d  b i l a tera l  tempora l  l obectomy  
b ut  no t e d  t h a t  t h e  ad v e rs e  e f fe c t s  o f  t h a t  

op e ra t ion  m ay  ou t we ig h  t h e  b e ne f i t

2 .  W h e n  A I  c h a t b o t s  p rov id e d  c i t a t i ons ,  t h e y  
m ay  c i t e  m anus c r i p t s  t h a t  t h e y  b e l i e v e  

s h ou ld  e x i s t ,  b u t  m ay  no t  ac t ua l l y  e x i s t

What's it?

Examples:

Hallucinations



Seizure and Epilepsy Diagnosis

Current technology

Faster Analysis



A pragmatic algorithm to select appropriate antiseizure 

medications in patients with epilepsy

https://epipick.org 

Asadi-Pooya AA et al; Epilepsia 2020



Epilepsy & Behavior 2025

▪ Evaluates ChatGPT’s performance in diagnosing and 

classifying epileptic seizures, epilepsy, and 

underlying etiologies in adult patients compared to 

epileptologists and neurologists.

▪ ChatGPT was ’trained’ using official ILAE documents 

on epilepsy diagnosis and classification

▪ Assessed 37 clinical vignettes based on real adult 

patient cases

▪ Reference standard set by a senior epileptologist

Conclusions:
✓ ChatGPT demonstrated high sensitivity 

(≥96.9 %) in identifying epileptic seizures 

and diagnosing epilepsy

✓ Lower specificity, particularly for 

distinguishing acute symptomatic from 

unprovoked seizures (33.3 %) and 

diagnosing epilepsy (26.7 %), leading to 

frequent false positives

✓ ChatGPT excelled in diagnosing epileptic 

syndromes and structural etiologies 

(accuracy = 90.0 %) but struggled with 

ambiguous cases such as unknown 

seizure onset (accuracy = 12.5 %) and 

rare etiologies



Epilepsy Current 2025

Remarks:
✓ While their specificity was 

likewise imperfect (64%) thus 

potentially overcalling epilepsy 

despite inclusion of “red flags” 

historical questions, they found 

fairly strong agreement between 

algorithm versus expert seizure 

classification

✓ While the current work had a 

small sample in a selected 

number of cases, it still provides 

an important contribution, likely 

foreshadowing much research 

to come as the epilepsy 

community deliberates exactly 

what problems we need 

technology to solve and for 

whom



Epilepsy Presurgical

Decision-Making

Current technology

Faster Analysis



J Med Internet Res 2025

▪ 2 data cohorts: 

❖ Publicly sourced cohort of 852 semiology-EZ 

pairs from 193 peer-reviewed journal publications 

and 

❖ Private cohort of 184 semiology-EZ pairs 

collected from Far Eastern Memorial Hospital 

(FEMH) in Taiwan

Compare the performance of 

ChatGPT with 8 Epileptologists



Luo Y et al.; J Med Internet Res 2025



Publicly source data Privately source data

ChatGPT-4

Performance Metric: 

regional sensitivity (RSens)

Luo Y et al.; J Med Internet Res 2025



Performance comparison on a 100-question survey 

between ChatGPT-4 and five individual epileptologists

Luo Y et al.; J Med Internet Res 2025



Performance comparison on a 100-question survey 

between ChatGPT-4 and five individual epileptologists

▪ ChatGPT significantly outperformed epileptologists at identifying EZ 

locations in more common regions, demonstrated comparable but 

slightly lower performance in less common regions, and substantially 

underperformed in rare regions

▪ These findings suggest that ChatGPT’s performance is positively 

correlated with the availability of sufficient data to support its 

responses

▪ ChatGPT could serve different roles depending on the clinical setting. 

In epilepsy centers with rich resources, it may function as a copilot to 

support epileptologists at improving diagnostic efficiency. In 

resource-limited epilepsy centers, where access to specialized 

epilepsy care is scarce, ChatGPT could be particularly valuable for 

assisting general practitioners or nonspecialist clinicians with 

preliminary seizure classification and decision-making, potentially 

improving access to epilepsy care

Luo Y et al.; J Med Internet Res 2025

Key messages



▪ In practice, EZ localization is not made by a single 
epileptologist but through consensus in multidisciplinary 
epilepsy conferences

▪ Note that seizure semiology is just one element 
contributing to EZ determination

▪ A multimodal approach combining EEG, NPT, sMRI, fMRI, 
and other data reflects real-world practice and may 
improve localization accuracy

Challenges implementing in practice



Ethical and Practical 

Challenges



01

02

03

04

L a c k  o f  
t r a n s p a r e n c y

C o m p l e x i t y

C h a l l e n g e s

A c c o u n t a b i l i t y

E x p l a i n a b l e  
A I  ( X A I )

"Black Box" AI 
Models AI  systems,  par t icu lar ly  those  based 

on deep learn ing ,  where  the  
dec is ion-mak ing  process  i s  opaque 
and d i f f icu l t  to  understand :



I n e q u i t y

D i s p a r i t y

"Inequity"
Unfa i rness  or  in just ice  in  the  
d is t r ibut ion  of  resources ,  
opportun i t ies ,  or  outcomes



Ginsburg GS et al.; NEJM 2024



C h u s a k . L @ C h u l a . a c . t h

THANK YOU
FOR YOUR ATTENTION
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