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Drug-resistance epilepsy (DRE)

• Failure of adequate trials of two or more tolerated, appropriately 
chosen and used AEDs to achieve sustained seizure-free outcomes. 
(Kwan P2010, Scheffer IE 2017) 

• Prevalence:  30-40% (36.3% ) of epilepsy patients (50.4-81.7 / 
100,000 people annually) (Sultana B 2021) 

• Surgery is currently the primary treatment.



Patients admitted with a diagnosis of drug-resistant focal epilepsy
Using the National Inpatient Sample (NIS) database 

Abdul K Ghaith, et al. Neurosurgery 2024



Modified from Bodie, et al. Neurology 2012



Fei Tang, et al.Frontiers in Neurology 2017



DECISION MAKING in Epilepsy Surgery 

in  2020s



What is your opinion ? 
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Evolution of the epileptogenic zone (EZ)

Modified from Lara Jehi. Epilepsy Currents 2028

Epileptogenic 
Lesion: 1950s
Herbert Jasper, et al

Epileptogenic 
Zone: 1960s
Talairach & 
Bancaud

Five Cortical 
Zone: 1990s
Luders et al

Network Epilepsy: 2000s to Present
Spencer SS.

Spencer SS. Epilepsia 2002

Jasper HH, et al. Epilepsia 1961 Talairach J,et al. Confin Neurol 1966 Luders HO, et al.Surgical Treatment of the Epilepsy (2nd.ed) 1993



Concepts of the epileptogenic brain

Zijlmans Maeike, et al. 2019Rosenow F, Luders H. Brain 2001

a.Five Cortical Zone b.Network Epilepsy



Surgical  strategies 

Resection

Disconnection

Zijlmans Maeike, et al. 2019



Concepts of the epileptogenic brain

Zijlmans Maeike, et al. 2019



Decision Making in 
Epilepsy Surgery

Richardson R Mark. 2020



Decision Making in Epilepsy Surgery in 2020s Richardson R Mark.2020
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Presurgical assessment in 2020s



Zijlmans Maeike, et al. 2019



Invasive investigation

Subdural Grid Implantation



Less Invasive Investigation

sEEG Implantation



Treatment Algorithm & Surgical Tools 
for Epilepsy 



/DBS

/DBS

Epilepsy surgery treatment algorithm 
before 2020s

Modified from Englot DJ, Epilepsy & Behavior 2018; 80: 68-74 

FORWARD to 
Network-Oriented 

APPROACH ? 



Resection Ablation Modulation

Surgical tools for epilepsy surgery 2020s

S U R G E R Y 



Mechanism Surgical removal of epileptogenic zone

Candidate • Focal epilepsy with well-localized seizure onset zone
• MRI-visible  lesion or congruent EEG-MRI-SPECT/PET

Efficacy TLE:  60-80% seizure free at 1-2 Years
           50%      remain seizure free at 10 Years
Extra-TLE: 
          40-60% seizure free.

Risks Permanent neurological deficits depending on locations
Surgical morbidity about 3-5%.
Not suitable for multifocal or generalized epilepsy
Requires highly specialized team and facilities.

2001, 2012 RCT studies: Wiebe et al, Engel et al
AAN, AES and ILAE Guidelines strongly recommend early surgical evaluation for appropriate candidates.

Surgical Resection for Epilepsy Surgery



Neuromodulation 

•Neuromodulation is technology that acts directly upon 
neurological system.

• It is the alternation of nervous system activities by delivering electrical 
or pharmaceutical agents directlly to a target area.
• It works by actively stimulating nervous areas to produce a natural 

biological response.

Krames, et al. (eds.) Neuromodulation V.1-2 2009



Alfonso Fasano, et al. (eds) Neurotherapeutics 2024

Neuromodulation



Tao Xue, et al. Acta Neurologica Scand 2022

Neuromodulation for Epilepsy



Mechanism Interrupt the abnormal electrical foci of SOZ
Moderate thalamic activitiy & Disrupt epileptic network 
Generate Neuroplasticity

Candidate • Multifocal,Generalized or Unresectable 
• EZ at eloquent areas
• MRI-invisible lesion or in-congruent EEG-MRI-SPECT/PET

Efficacy VNS:seizure reduction 35% at 1 Y, Long- term f/u 43% at3 Y,  Sz free* 8% at 5Y

DBS:seizure reduction 54% at 2 Y, Long-term f/u 73% at 9 Y,  Sz free* 13%at 2Y &                     

RNS:seizure reducation 55% at 2Y, Long-term f/u 84% at 3 Y. SZ free* 9% at 2Y &

Risks Implant side effects (pain, infection, mood/sleep disturbance)
Stimulation issue

2001, 2012 RCT studies: Wiebe et al, Engel et al
AAN, AES and ILAE Guidelines strongly recommend early surgical evaluation for appropriate candidates.

Neuromodulation for Epilepsy Surgery

18% at 7Y

28% at 9Y





HusamEddin Salama, et al. Neurological Sciences 2024



Flavia Venetucci Gouveia, et al. Neurotherapeutics 2024



Abdul K Ghaith, et al. Neurosurgery 2024



Trends of patients with DRE receiving the different surgical treatment



Surgical Treatmets Trends for DRE (2020-2025)

Abdul K Ghaith, et al. Neurosurgery 2024
Qinghua Li, et al. Front Hum Neurosci 2024

FDA 
RNS2013

FDA
ANT-DBS2018VNS 1997



VNS RNS DBS

Neuromodulation for DRE



Chen Zhong, et al. Neurol Ther 2025



HusamEddin Salama, et al. Neurological Sciences 2024



Jianwei Shi, et al. World Neurosurg 2025

DBS VNS RNS



Clinical  approach to Neuromodulation selection

Highly Localized (1-2 foci) Poorly 
Localized or 
Multifocal 
(3+ foci)

Generalized 
Onset

Temporal 
Lobe

Eloquent 
cortex

Primary RNS RNS ANT-DBS CM-DBS

Alternative ANT DBS
HC DBS

ANT-DBS
CM-DBS

RNS 
(Regional)

T J Foutz, 2021





What is your opinion ? 
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Current Guidelines & Trends (2025)

• Early surgical evaluation is now strongly recommended within 2-3 years of 
DRE diagnosis.
• Surgical resection remains the gold standard.
• RNS is increasing used for bilateral or eloquent cortex epilepsy.
• DBS is growing option for patient with no other surgical targets.
• VNS remains a good option for generalized epilepsy in children and 

adults.
• Combination therapies* (e.g. AEDs + DBS, /+VNS/ +RNS )after failed surgery 

are increasingly common.

Siraruj S, 2025



Aspect Surgical Resection Neuromodulation (VNS, RNS, DBS)

Main Goal Cure  or Seizure freedom Reduce Seizure frequency/ Severity

Best Candidates Focal epilepsy with a clearly identified 
seizure onset zone (SOZ)

Multifocal, bilateral, generalized or eloquent 
cortex epilepsy (unresectable)

Effectiveness 60-80% seizure freedom esp.in TLE 50-70% seizure reduction (freedom in 5-20%)

Onset of Benefit immediate or within weeks Gradual (months to years*)

Reversibility Irreversible Reversible

Risks/Side Effect Neurological deficits, invasive Implant side effect,  Stimulation issues

Age Suitability Children & adults Mostly adults: RNS/DBS*, VNS  also in children

Long-term Outcome Strong for sustained seizure free Good long-term seizure control

Device/Follow-up 
Need

Routine High (Programming, battery changes*, monitoring)

When Preferred Clear SOZ , non-eloquent brain Non-resectable cases, Unclear focus, Pt preference

Cost-Effectiveness High (if successful) Higher initial cost; High to moderate (long-term)

SURGICAL TREATMENT FOR DRUG-RESISTANT EPILEPSYSURGICAL TREATMENT FOR DRUG-RESISTANT EPILEPSY
Siraruj S, 2025



Take Home Message

• In focal epilepsy with clear locations:  Surgical resection offers the 
highest chance for seizure free.

• Non-surgical candidates/ diffuse seizure location / eloquent cortex 
epilepsy: Neuromodulation is the best.

• The choice of treatment must be depended on CEP’s team expert and 
based on seizure type, imaging, EEG, risk tolerance and patient’s 
affordable.



Lara Jehi. Annu.Rev.Med.2025

Take Home Message






