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Innovations in epilepsy surgery
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Epilepsy patients remain surgically underserved

• Candidacy for surgery
• Persistent focal* seizures despite 2 or 

more appropriate AEDs at therapeutic 
dosages 

• More than 1 million patients in the US 
meet this definition 

• Only about 1% of these receive surgery at 
a comprehensive epilepsy center annually 

• ~3000 epilepsy surgeries performed 
annually 

• Quality of life scores improve when 
patients are treated earlier in their disease 
course (<10 years) 

Loring 2021



Overview 

• Lesional or non-lesional? 
• If lesional, does EEG and semiology correlate? 
• If non-lesional (or lesional without definitive concordance), must 
perform localization surgery 

• Once seizure-onset zone is identified, we can: 
• Surgically excise (craniotomy) 
• LASER ablate 
• Offer neuromodulation 

• If no seizure-onset zone can be identified, neuromodulation may be 
considered 



Localization

• Epileptogenic zone
• The goal of any seizure surgery is to destroy only the epileptogenic 
zone and no additional tissue  

• Tissue may be destroyed through ablation or resection, or 
temporarily disrupted via neuromodulation 



Preoperative workup 

• Phase I scalp EEG/EMU 
• MRI brain, epilepsy protocol 
• Neuropsychological evaluation 
• Single-photo emission computerized tomography (SPECT)/positron 
emission tomography (PET) 

• Magnetoencephalography (MEG) 
• Functional MRI 
• Wada testing**



Traditional epilepsy surgery 

• Historically reliant on being able to localize 
a lesion 
• Unilateral mesial temporal sclerosis 
• Other lesion, such as cavernoma 

• Resect lesion or perform multiple subpial 
transections if lesion in eloquent cortex 

Rhoton



Localization surgery: sEEG

• Multiple depth electrodes used to create 3D map of seizure-onset 
zone in brain 

• More popular historically in Europe 
• In lieu of traditional subdural grids 
• Fewer complications than grids 
• More difficult to interpret
• Better spatial resolution  
• Each bolt is 2.4 mm diameter 



Role of stereotactic robot 

•The robot acts as a trajectory guide to help minimize operative 
time 

•Stereotactically precise way to insert the electrodes and reach 
target 

•Does not function in lieu of surgeon 

Rhoton



sEEG leads 



Localization hospitalization 

• Patient is monitored in neuro ICU for 1-2 weeks with sEEG
electrodes in place 

• Returned to OR for removal once sufficient electrographic 
data accrued 

• Patient brought back for sEEG data review with 
epileptologist and neurosurgeon approximately 2 weeks 
postop 

• Definitive surgical options discussed 

Rhoton



Definitive surgical therapy 

• Once seizure onset is localized, the region 
may be:

• Cut out (traditional method) 
• Burned (ablated) with a LASER
• Temporarily interrupted with electrical 

stimulation (neuromodulation**)

Rhoton



LASER ablation 

•LASER catheter is inserted 
stereotactically in the brain, then 
used to ablate a region under 
direct MRI visualization 

•May also be used for 
lesionectomy, tumor, etc.  



LASER amygdalohippocampotomy



LASER amygdalohippocampotomy



LASER amygdalohippocampotomy
• Seizure-freedom rates are about 3-10% points lower than traditional anterior 

temporal lobectomy 
• Improving now that we understand which structures must be included for optimal 

outcomes (piriform cortex) 
• Ongoing studies: 

• Neuropsychological outcomes (82% naming deficit with ATL versus none in 
laser) 

• Visual fields 
• Complication rates 



What is neurostimulation? 
• Application of electrical current to neural circuit
“the alteration of nerve activity through targeted delivery of a stimulus, such as electrical stimulation or 
chemical agents, to specific neurological sites in the body”

• Open loop 
• Tonic stimulation set regardless of whether patient is seizing 

• Closed loop (dynamic) 
• Stimulation is offered in response to a biomarker rather than at a set interval 

• Neuromodulation in epilepsy may be applied: 
• Cranial nerve 

• Vagal Nerve Stimulation (VNS)
• Brain

• Responsive Neurostimulation (RNS)  
• Deep Brain Stimulation (DBS)  

Price 2020



Vagal nerve stimulator  

• Lead that wraps around the vagus nerve 
and connects directly to a generator 
placed in the chest  

• ~50% of patients experience a 50% 
improvement in seizure frequency and 
severity at 2 years 

• Better outcomes with more years of 
stimulation 

• FDA-approved for partial epilepsy (non-
unilesional) since 1997

• Left side preferred so as not to cause 
effect on the sinoatrial node 



VNS
• Improvement in SUDEP 
• Improvement in mood 
• Improved cognition, memory, and quality of life
• Reduced daytime sleepiness 
• Improved verbal communication and school 
performance 

• Thought to be due to locus coeruleus and 
noradrenergic effects via the nucleus tractus 
solitarius (norepinephrine, likely serotonin) 

• Also FDA-approved for depression (but not CMS: 
RECOVER coverage with evidence study) 

Giordano 2017



Responsive neurostimulation 

• Recording and directed stimulation at or between two electrodes (strips or 
depths with 4 contacts each) 

• FDA-approved in 2014 for patients >18 with partial-onset seizures with no 
more than two epileptogenic foci 

• Frequent and disabling seizures despite 2+ AEDs 
• Skull-mounted IPG lasts ~10 years 



RNS

• “Closed loop” system 
• Daily patient download of data to patient 
remote monitor 



RNS

• Can be used for long-term monitoring and 
modulation
• Bilateral mesial temporal sclerosis 
• Sometimes leads to resection/ablation of 
one side 

• Eloquent cortex 
• Adjuvant to resection or ablation 

• Multifocal epilepsy 
• About 60% improvement in recent UCSF 
study (57 patients) 

Krucoff 2020



SUDEP rates reduced in RNS  



Long-term outcomes 



Ongoing applications of closed loop neurostimulation



Deep brain stimulation for epilepsy

• Electrodes implanted bilaterally in the anterior 
nucleus of the thalamus

• Cranial leads are connected to pulse generator 
in the chest via extension cables

• Gold-standard practice since 1993 and FDA-
approved in 1997 for movement disorders 

• FDA-approved for epilepsy in 2018 
• IPG 4-7 years



SANTE trial 



SANTE 
• Failed three AEDs 
• 18-65 years old 
• Three-month double-blinded phase (after which all participants 

received neurostimulation) 
• 40.4% reduction in stimulated versus 14.5% reduction in non-

stimulated group (p=0.0017) 
• Efficacy is held/improves over the course of 5 years of follow-up
• Improvement in executive function and attention at 7 years  
• Thought to be most effective in patients with temporal-onset seizures



Recommend surgical protocol  
• Asleep placement (robot-assisted or direct targeting in MRI) 
• 15% lead repositioning rate if cannula not brought fully to 

target  
• Recommended because: 

• Very close to thalamostriate vein 
• Must pass through and through the ventricle (high rate 

of deflection)  
• Full-body MRI-conditional compatible



Intracranial targets for neuromodulation  

• ANT is FDA-approved 
• Centromedian nucleus 
• Hippocampus  

Klinger 2018, Vetkas 2021



Defining success in epilepsy surgery

• Traditionally, “success” has been 
measured according to Engel 
outcomes 

• As neuromodulation improves, 
“success” is being defined in terms of:
• Improving quality of life 
• Reducing seizure frequency/severity 

(and changing natural history of 
disease) 

• Reducing rate of SUDEP
• Important to understand each patient’s 
goals and set expectations realistically 
and accordingly 

• Neuromodulation allows options for 
patients who would not benefit from 
traditional surgical options  

Engel Outcomes 
I Free of all seizures, nondisabling simple 

partial seizures after surgery but 
seizure-free x2 years, convulsions only 
off meds 

II Initially seizure-free, rare disabling 
seizures since surgery, more than rare 
seizures initially post-op but now 
seizure-free x2 years, or only nocturnal 

III Worthwhile seizure reduction or >50% 
seizure-free over follow-up period (<2 
years)

IV No worthwhile improvement 



Barriers to access 
• Referring physicians (PCP, community neurologists) 
• Patients’ and families’ fear of surgical intervention  
• Cost (though actually less than that of continued 
lifetime seizures)

• Family support in perioperative period 
Recommendation: 
• All patients with drug-resistant epilepsy should be 
referred to an interdisciplinary epilepsy treatment 
center 

• The center should carefully consider each patient for 
surgical candidacy, and, as an informed source, talk 
with each patient individually about risks, benefits, and 
outcomes



Conclusions

• Epilepsy remains a significant public health burden that is surgically 
underserved 

• Neuromodulation offers an exciting alternative or adjunct to 
resective/ablative seizure surgery 

• Need head-to-head comparison data of one system versus another *
• Multiple systems may have synergistic effect (Khankhanian 2021)
• Closed-loop and/or less predictable programming may result in better 
efficacy 



Thank you 
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Landon Landry video 
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