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TAKE HOME POINTS

• epilepsy is common neurological ailment with tremendous global impact leading to significant morbidity, 

mortality, and healthcare costs

• for over 1/3 of those afflicted, medical therapy does not afford good control of seizures, and early surgical 

referral is recommended

• repeated seizure activity (and in some circumstances, the medicines used to control them) may be 

damaging to the developing brain and lead to impaired cognitive and psychosocial development 

• MRI negative epilepsy may still be amenable to tailored resections (and potential cure); but finding the 

epileptogenic focus is complicated and requires multiple types of imaging studies and icEEG

• while no AED developed in the last ~30 years has had an impact on the incidence of MRE, three separate 

randomized control trials and experience with tens of thousands of patients has shown that surgery is a 

relatively safe and highly effective treatment for focal epilepsy

• the community caring for patients with medically-refractory epilepsy has failed to develop systems that 

promptly and consistently identify patients who might benefit from existing technologies - new paradigms of 

care are needed



50 M AFFECTED GLOBALLY!



SURGERY FOR EPILEPSY

• goal of surgery: to characterize and, when possible, fully resect and/or 

disconnect the epileptogenic cortex (EZ) while preserving adjacent 

eloquent tissue

• to achieve seizure freedom or significant improvement in severity 

and/or frequency of seizures

• to avoid adverse effects of AEDs and continued seizures on the 

developing brain and facilitate normalization of psychosocial 

development

• Where are the seizures coming from?

• Can I resect the epileptogenic focus with acceptable morbidity?



• NNT = 2         

(NNT for CEA in 

high grade carotid 

stenosis = 12)





• N = 116, age < 18

• Primary outcome: seizure freedom at 12 months

• Secondary outcomes: Hague Seizure Severity Scale, Child 

Behavior Checklist Inventory, Pediatric QOL Inventory, 

Vineland Social Maturity Scale, Binet-Kamat IQ

• The surgery performed ranged from temporal lobectomy to 

focal cortical topectomy to hemispherotomy based on 

pathology



• patients were evaluated with inpatient video-EEG with the 

standard 10-20 scalp electrode montage

• 3T MRI with epilepsy protocol: T1W sagittal 3D and 3D FLAIR 

sequences (1mm slices without a gap); coronal T2 and FLAIR 

sequences (2.5mm without a gap); axial susceptibility weighted 

images

• functional imaging to localize the site of epileptogenicity (ictal 

and interictal SPECT, PET, or MEG) was performed in the 

following situations

• no lesion, lesion with poorly-defined margins, mult lesions on 

MR

• no definite localization on video-EEG

• discordance between localization of EEG and MRI
• Dwivedi R. et al; NEJM 377;17, October 2017



SURGERY TYPE

• no patients underwent phase I evaluation with placement of intracranial grids and/or depth 

electrodes

• patients with concordant EEG localization and lesion on MRI underwent resection of 

abnormal tissue

• those with multiple, subtle, or absent lesions underwent resection of region of brain that 

was concordant between EEG and PET, SPECT, or MEG

• 14 temporal lobe resections, 12 extratemporal resections, 6 hypothalamic hamartoma 

rsxn

• patients with multiple seizure types (including drop attacks) and had multiple bilateral 

lesions and/or seizure foci underwent corpus callosotomy [10]

• those with extensive lesions confined to a single hemisphere with significant weakness of 

contralateral limbs (weak pincer grip or worse) underwent hemispherotomy [15] 

• Dwivedi R. et al; NEJM 377;17, October 2017



OUTCOME

• complete seizure freedom at 1 year was reported in 77% of patients in the 

surgical arm as compared to 7% of those in the medical arm (P < 0.001)

• the surgical group as compared to the medical group showed significant 

improvements in all of the secondary endpoints except for IQ

• adverse events occurred in 33% of the surgical group (hemiparesis in all 

15 patients who underwent hemispherotomy, mono paresis in two patients 

who underwent focal temporoparietal resections, and mixed aphasia in a 

patient who underwent dominant frontal resection)

• in the medical group, 1 patient had adverse event to AED, one developed 

autism in the observation period, and 10 had cuts, burns, fractures related 

to a seizure event; there was also a significant reduction in IQ over the 

course of a year in the medical group

• Dwivedi R. et al; NEJM 377;17, October 2017











EPILEPSY SURGERY IN 
CHILDREN



- - “... earlier reduction in burden of chronic epilepsy should 

confer improved psychosocial benefit and improve quality of life 

in children … surgical intervention at an earlier age would be 

expected to have a greater role in preventing cognitive 

regression.”

- - the double argument of plasticity: “brain plasticity [in children] 

facilitates neurologic reorganization after surgery and may 

trigger deviant or delayed development in early-onset epilepsy” 



PRE-SURGICAL EVALUATION

• Does the patient truly have epilepsy?

• What is the etiology?

• Are the seizures refractory or should other medicines/dosages and 

therapies be considered before surgery?

• Given the seizure type and epilepsy syndrome, is surgery warranted or 

is there possibility of remission?

• Are the patient and/or family prepared for surgery; do they understand 

the risks and psychological aspects of invasive monitoring and 

subsequent resection; have they been counseled on the possibility of 

failure?



ASSEMBLING A TEAM

• pediatric or adult neurologist / epileptologist

• neurosurgeon

• neuropsychologist

• neuroradiologist / nuclear medicine

• developmental (adolescent) pediatrician / psychiatrist

• nutritionist (ketogenic diet)

• neuropathologist

• neurophysiologist (EEG montage)

• MEG-physicist

• physical/occupational/speech therapist

• geneticist



SOME CHILDREN WITH SEIZURES 
MAY NOT BE SURGICAL 
CANDIDATES

• childhood absence seizures (primary generalized)

• juvenile myoclonic epilepsy (primary generalized)

• benign epilepsy with centrotemporal spikes (benign 

Rolandic epilepsy)

• early onset childhood epilepsy with occipital spikes 

(Panayiotopoulos type)



SURGICAL EPILEPSY 
SYNDROMES

• lesional epilepsy (e.g. associated with tumor, cavernoma, AVM)

• mesial temporal sclerosis (MTS)

• focal cortical dysplasia (FCD)

• post-stroke, post-infectious, post-traumatic

• hemispheric syndromes (e.g. SWS, Rasmussen)

• epileptic encephalopathies of infancy

• schizencephaly, polymicrogyria



Brain Injury

traumatic brain injury (TBI): a blow or jolt to the head (eg. 

MVA, sports injury) or penetrating injury (eg. GSW) often 

designated mild, moderate, or severe

acquired brain injury: includes stroke (eg. ischemic, 

hemorrhagic, SAH), metabolic disorders, meningitis (post-

infectious), encephalitis (eg. Rasmussen’s encephalitis), or 

brain tumors  



- 3-6% of new onset epilepsy is due to TBI (eg. MVA, blunt 

trauma, etc); however trauma is the most common cause of 

remote symptomatic epilepsy in those aged 15-34 years

- up to 10% of epilepsy may be related to prior 

cerebrovascular event (eg. stroke, ICH, SAH)

- epilepsy can occur after meningitis/encephalitis or other 

infection/inflammation of the brain











CASES



BRAIN TUMORS





• 1-3% of children with epilepsy have an associated tumor on MRI; very 

often, these are focal seizures that are medically refractory

• Typically these are low grade tumors (e.g. LGG, DNET, ganglioglioma) and 

epileptic considerations may outweigh oncological considerations

• 80-90% of patients with tumor and epilepsy have good seizure outcomes 

with lesionectomy alone; fMRI/MEG/invasive monitoring may play a role in 

various situations (e.g. close to eloquent brain, surrounding T2 signal)

• temporal lobe tumors are more often associated with “dual-pathology”; 

some studies have shown that up to 50% of patients with DNET of 

temporal lobe may be associated with a second area of FCD or 

gliosis/sclerosis that if not resected may result in continuing seizures













http://www.radiologyassistant.nl/data/bin/a509797acae957_4-dual-

pathology.jpg

http://www.radiologyassistant.nl/data/bin/a509797acae957_4-dual-pathology.jpg


What if there’s no lesion?
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HEMISPHERIC SYNDROMES

• conditions characterized by diffuse damage to a single hemisphere resulting in 

treatment refractory epilepsy

• acquired: peri-natal stroke

• developmental: hemimegancephaly

• progressive: Rasmussen’s encephalitis, Sturge Weber syndrome

• anatomic hemispherectomy done throughout the 1950s and 1960s was 

associated with a high complication rate including hydrocephalus and superficial 

cerebral hemosiderosis

• functional disconnection of the epileptogenic cortex of one hemisphere from 

deeper brain structures and the contralateral hemisphere



PERISYLVIAN FUNCTIONAL 
HEMISPHEROTOMY



• 29 studies in children (<20y) undergoing hemispherectomy were 

reviewed, including 1161 total patients

• 73.4% rate of seizure freedom at 1 year follow-up; patients with 

acquired and progressive variants of hemispheric pathology had 

better seizures outcomes than those with “developmental” 

pathologies

• 14% rate of shunt dependent hydrocephalus

• 1.3% rate of mortality assessed at 30 day postoperatively











IF THE PATIENT IS NOT  CANDIDATE FOR FOCAL 
RESECTION ….

• GOAL #1: RESECTION OF EZ FOR CURE 

• corpus callosotomy

• VNS

• DBS??

• RNS??



VAGUS NERVE STIMULATION



DRAVET SYNDROME



CORPUS CALLOSOTOMY

• a palliative surgical option for patients 

with generalized or multifocal refractory 

epilepsy

• indications for this surgery are not 

rigorously standardized

• anterior 2/3 callosotomy does not afford 

as good seizure outcomes as total 

callosotomy but is also much less likely 

to result in postoperative “disconnection 

syndrome”



CORPUS CALLOSOTOMY





MRLITT DISCONNECTION





DBS - SANTE TRIAL



A SYSTEMIC RETICENCE 
TOWARD SURGICAL 
THERAPY
• About 15 years ago, the American Epilepsy Society (AES), the American 

Academy of Neurology (AAN), and the AANS put forth a joint statement 

recommending early surgical referral for any patient with medically refractory 

epilepsy

• Beyond seizure freedom, numerous studies document the improvement in 

cognition and QOL measures in pediatric patients undergoing resective 

surgery

• Despite this recommendation, a US population-based study showed no 

increase in epilepsy surgery from 1990 to 2008, and surgery continues to be 

profoundly under-utilized

• Average elapsed time between seizure onset and surgery is 17-23 years

• What explains the continued under-utilization of surgery?



“A NATIONAL DISASTER”





A SYSTEMIC RETICENCE







NEUROSURGEONS

• changing attitudes of patients and fellow health-care 

professionals

• empower patients to be more involved in management of 

their condition

• knowledge gap / lack of proactive behavior

• the neurosurgeon as the technician >>> the neurosurgeon 

as key player in multi-disciplinary teams for patients with 

MRE 



THE FUTURE

• continued development of drugs and technologies

• development of advanced imaging (e.g. EEG-fMRI, ESI, PET, 

SPECT, MSI)

• device implantation (e.g. VNS, Neuropace, DBS, grids and 

depths)

• radio-frequency and laser thermoablation (e.g.  PVNH, 

hypothalamic hamartoma)

• robotic surgery (e.g. ROSA)

• endoscopic techniques                                   



MOVING 
FORWARD?

• building a truly multi-disciplinary team clinical 

care and research

• implement a process for periodic 

neuropsychological assessments

• structured guidelines to trigger advanced 

imaging in children with epilepsy (HD-

EEG/ESI, PET, ictal SPECT,  MEG); we won’t 

find a focus if we never look

• internet-based tools for patients

• out-reach to pediatricians, ED physicians 

• research: ED, volumetry, underutilization, FH




