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Objectives

• Describe	the	scope	of	Epilepsy	surgery
• Discuss	the	recent	advances	in	Epilepsy	Surgery
• Discuss	the	evidence	basis	for	the	efficacy	of	Epilepsy	Surgery



Not	new:	History	of	Epilepsy	Surgery



Penfield’s drawing of  operation
in 1932 to show vascular
features and double excisions,
including his first temporal
lobectomy for posttraumatic
seizures (Wilder Penfield
Archive).
Epilepsia ILAE

Wilder Penfield (sitting) and Herbert Jasper, 1954

Not	new:	History	of	Epilepsy	Surgery



Epilepsy	Surgery

• Surgery	for	Epilepsy	
– when	is	it	indicated	/	Timing
- General	principles	/	Evaluation
- Outcome	(efficacy)

•When	?
•How	?
• Is	it	effective	?



When ?
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Epilepsy	Care

Seizure
Epilepsy	diagnosis

Medication	trials
Imaging	for	pathology

Medical	intractability
Surgical	Consideration

Surgical	workup

Surgery

American Epilepsy Society



How ?



Invasive	Intracranial	Monitoring

Indications:
• nonlesional localization-related	epilepsy,	or	
• in	lesional epilepsy	where	clinical,	
neuropsychological,	EEG	or	imaging	data	are	not	
concordant



Grids and strips, most commonly subdural

Parenchymal “depth” electrodes, especially 
for recording from hipppocampus

Identification of  ictal onset

Brain mapping
cortical stimulation
Phase reversal for mapping the motor cortex
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Surgical	Treatment	of	Epilepsy

Modified	from	McKhann	G.M.	and	Howard	M.A.:		Epilepsy	Surgery:	Disease	Treatment	and	Investigative	
Opportunity,	in	Diseases	of	the	Nervous	System:	Clinical	Neurobiology,	2002.

Curative Palliative

Pathologies

MTS	TLE Non-MTS	TLE
Lesional Frontal	Lobe	epilepsy
- Low	Grade	Glioma SMA/cingulate	epilepsy
- Cav.	Malformation Malformations	of	cortical	development

Procedures

Lesionectomy Hemispherectomy Disconnection	
Lobectomy																		Topectomy (Callosotomy)

MST’s

Figure	2

American Epilepsy Society



Established	Epilepsy	Surgical	Procedures
s Resective	Surgery:	

s Lesionectomy
s Selective	amygdalohippocampectomy
s Corticectomy
s Lobectomy	(e.g.	temporal	lobectomy)
s Multilobar resection
s Anatomic	hemispherectomy

s Disconnective/Palliative	Surgery:		
s Functional	Hemispherectomy
s Corpus	Callosotomy
s Multiple	Subpial Transections
s Vagus Nerve	Stimulator
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“These	changes	in	the	new	era	of	epilepsy	surgery	hinge	primarily	on:
1. the	improvement	or	development	of	minimally-invasive	diagnostic	and	

ablative	procedures
2. the	introduction	of	non-destructive	neurostimulation	techniques.	“
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Personal	Experience

• Functional	and	Stereotactic	Neurosurgery	techniques	becomes	
an	integral	part	of	Epilepsy	Surgery

• The	increasing	use	of	stereotactic	techniques	(typically	minimally	
invasive)	and	brain	stimulation	(neuromodulation)	in	epilepsy	
surgery



Novel	Epilepsy	Surgical	Techniques
s Minimally	Invasive	Epilepsy	Surgery	(MIES)
1.	Stereoencephalography (SEEG)
2.	Stereotactic	MRI-guided	laser	ablation	of	epileptogenic	foci

s Increasing	application	of	Brain	Stimulation	(Electrical	
Neuromodulation)	in	Epilepsy	Surgery
1.	Deep	brain	Stimulation	(DBS)
2.	Responsive	Neurostimulation (RNS)



• Only	a	small	proportion	of	potential	surgical	candidates	with	drug-resistant	
epilepsy	are	operated	each	year.

• Concerns	:	surgical	morbidity,	pain,	recovery.
• Limitations	in	surgical	options	for	seizures	from	eloquent	brain	areas	and	
generalized	epilepsies

• Advances	in	Epilepsy	surgery	are	driven	by	advances	in	surgical	technology	
and	these	patient	concerns	and	demands
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n Most patient preferred MIES as initial intervention when 
offered the option between open or minimally invasive 
surgery (Willie JT, Neurosurgery 2014)

n May increase willingness to access epilepsy surgery
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STEREOencephalography
(Stereo-EEG,	SEEG)



Stereoencephalography (SEEG)

• Stereoelectroencephalography involves	the	strategic	
placement	of	multiple	depth	electrodes	for	invasive	
localization	of	focal	epilepsy



Indications	for	invasive	intracranial	monitoring	
for	localization	of	epileptic	focus

• MRI-negative	epilepsy
• Electroclinical and	imaging	data	discordance
• Multiple	lesions,	discordance
• Overlap	with	functional	cortex

Subdural	grid Stereoencephalography	(SEEG)



Stereoencephalography
• Differs	significantly	from	the	alternative	subdural	grid	
approach	in	2	major	ways:

1.	Conceptualization	of	epileptic	zone	(EZ)	as	a	3-D	
distributed	network,	rather	than	as	focal	pathology	with	
contiguous	spread

2.	The	method	of	sampling	used	which	is	sparse	and	
directed	rather	than	continuous	over	adjacent	brain	areas



n The increasing adoption of stereoelectroencephalography (SEEG) marks
n a significant shift in the practice of epilepsy surgery in the United States



SEEG	versus	SDG



Alomar	s.	et	al,	2016

SEEG	versus	SDG



Specific	Criteria	for	SEEG
• Deep-seated	or	difficult-to-cover	location	of	the	
epilptogeniczone (mesial	structures	of	the	temporal	
lobe,	opercular areas,	cingulate	gyrus,	
interhemispheric	regions,	posterior	orbitofrontal	
areas,	insula,	and	depth	of	sulci)

• Failure	of	a	previous	subdural	invasive	study	
• Extensive	bihemispheric explorations	
• Normal	MRI



Patterns	of	SEEG	Implantation

Gonzalez-Martinez	et	al



Procedure	/Technique



Neurorobotics (	Stereotactic	Robots)





Minimally	Invasive	Laser	Ablation	of	
Epileptogenic	Foci



Workstation
Small	980nm	diode	laser
Readily	interfaces	with	MRI
Software:	real-time	prediction	model	control	
features

Laser	Applicator	
1.65mm	in	diameter	and	includes	a
Cooling	Catheter	and	Laser	Diffusing	Fiber



MRI-guided	laser	ablation	system	allows	for	precise	destruction	of	neurosurgical	
targets.		A	4mm	incision	and	a	3.2mm	drill	hole	are	made	for	placement	of	the	laser	

applicator.		Patient	is	typically	discharged	within	24	hours.







Laser	Ablation	in	Pediatric	Epilepsy	Surgery

- Hypothalamic	hamartoma
- Insula
- Periventricular	nodular	heterotopia
- Tuberous	sclerosis
- Mesial	temporal	sclerosis



- 6 year old girl
- Intractable epilepsy, gelastic seizures since age 3 months



Placement	Verification

Coronal	Oblique		3D	Reconstruction
3mm		Laser	Diffusing	Fiber

Stereotactic	Placement	using	Leksell	G	Frame	and	Stealth	Planning	Software



Temperature	Safety	Markers

Safety markers prevent damage of non-target tissues.  The laser is stopped 
automatically when a selected tissue reaches 47⁰	C.



Laser	Ablation	– Dual	Plane	Monitoring	Videos

Test	Dose

2	Watts	for	31	seconds
3	Watts	for	18	seconds																			

Treatment	Dose
5	Watts	for	44	seconds

Visualase	Treatment	Monitoring	Videos



Laser	Ablation	– Dual	Plane	Monitoring Treatment	Temperature	&	Damage	Maps

Test	Dose

2	Watts	for	31	seconds
3	Watts	for	18	seconds																			

Treatment	Dose
5	Watts	for	44	seconds



Post-Ablation	Imaging



Insula	Ablation



Post	ablation	brain	MRI	scan	+	gadolinium



Tao	et	al



Periventricular nodular
heterotopia

Mesial Temporal Sclerosis

Cortical tuber





Brain	Stimulation	(Electrical	Neuromodulation)	in	
Epilepsy	Surgery



Neuromodulation

Vagus Nerve Stimulator
FDA: 1997

Responsive Neurostimulator (RNS)
FDA: 2013

Anterior Thalamic Deep Brain Stimulation
FDA: 2018



(Electrical)	Neuromodulation	for	Epilepsy	– Brain	Stimulation	for	
Epilepsy

• Two	therapeutic	strategies

• 1.	Deep	brain	Simulation	– electrical	
stimulation	of	remote	“pacemaker”	
structures	of	an	epileptogenic	network.	
Usually	“Open	loop”	Stimulation

• 2.	Responsive	Neurostimulation (RNS);	
direct	stimulation	of	the	ictal	onset	
zone	(neocortex,	hippocampus	in	
medial	temporal	lobe	epilepsy).	Usually	
“Closed	loop”	Stimulation



Responsive	Neurostimulation (RNS)

• Components:	Cranially	seated	
neurostimulator connected	to	1	or	2	
depth	or	cortical	strip	leads

• Each	lead	can	be	used	for	both	sensing	
and	stimulating.	

• The	physician	programs	detection	and	
stimulation	settings	and	retrieves	and	
reviews	data	provided	by	the	
neurostimulator



RNS
• Closed-loop	responsive	direct	
brain	stimulation	

• Components:	The	cranially	
seated	neurostimulator
connected	to	1	or	2	depth	or	
cortical	strip	leads	that	are	
surgically	placed	in	the	brain	at	1	
or	2	seizure	foci.	

• Each	lead	can	be	used	for	both	
sensing	and	stimulating.	

• The	physician	programs	detection	
and	stimulation	settings	and	
retrieves	and	reviews	data	
provided	by	the	neurostimulator



Electrical	Neuromodulation
• In	general,	neuromodulation	therapies	have	excellent	
safety	profiles

• Not	expected	to	provide	freedom	from	seizures	or	
antiepileptic	medications.	

• Aim	is	palliative:	reduce	seizure	frequency	or	prevent	
secondary	generalization.



DBS



Does it work ?

Yes



Explosion	in	publications	related	to	Epilepsy	surgery

• Challenging	to	stay	current	in	the	
field	of	expertise	

• Foundation	for	clinical	practice	
and	future	research.	

Engel	J,	Epileptic	Disord 2019



Bibliometrics	and	Citation	Frequency

Dearholt SL	et	al



• Resective Epilepsy	Surgery
• Stereotactic	Radiosurgery	(SRS)
• Deep	Brain	Stimulation	for	Epilepsy
• Responsive	Neurostimulation	(RNS)
• Stereoencephalography (SEEG)	
• Laser	Interstitial	thermal	therapy	(LITT)



Resective Epilepsy	
Surgery



Google	Scholar	Citation:	3173

Google	Scholar	Citations:	253

Google	Scholar	Citations:	850

Resective Epilepsy		Surgery



§ 80 patients randomized: 40 to surgery, 40 to AED
§ Primary	outcome	:	freedom	from	seizures

§ Results:
§ At one year, 58% in surgical group versus 8% in medical group (p<0.001)
§ One	patient	in	the	medical	group	died.

§ )
free from seizures



Article	is	termed	a	“Citation	Classic”	once	it	has	accumulated	more	than	400	citations.



Kellogg	et	al.	Epilepsy	Currents	2018



Design:
• Multicenter,	controlled,	parallel-group	clinical	trial	
• 16	US	epilepsy	surgery
• 38	participants	with	mesial	temporal	lobe	epilepsy	(MTLE)	for	no	more	than	2	consecutive	

years	following	adequate	trials	of	2	brand-name	AEDs
• Participants	were	randomized	to	continued	AED	treatment	or	AMTR	and	observed	for	2	

years.	

Main	Outcome	Measures	
• Primary	outcome	variable	was	freedom	from	disabling	seizures	during	year	2	of	follow-up.	

Results
• 0	of	23	participants	in	the	medical	group	and	11	of	15	in	the	surgical	group

were	seizure	free	during	year	2	of	follow-up	(odds	ratio=;	95%	CI,	11.8	to	;	P.001).

Engel	et	al,	JAMA	2012



DESIGN:	
• Single-center	trial
• Random	assignment	of	116	pediatric	patients	(18	years	of	age	or	younger)	with	drug-resistant	epilepsy	
• 57	assigned	to	brain	surgery	versus	59	patients	to	receive	medical	therapy	alone.	
• Primary	outcome:	freedom	from	seizures	at	12	months.	

RESULTS
• At	12	months,	freedom	from	seizures	occurred	in	44	patients	(77%)	in	the	surgery	group	and	in	4	(7%)	in	the	
medical-therapy	group	(P<0.001).	

Google	Scholar	Citations:	253

N	Engl	J	Med	2017;377:1639-47



Stereotactic	
Radiosurgery	(SRS)



Design:
• 58	patients	randomized	(31	in	SRS,	27	in	ATL).	
• Sixteen	(52%)	SRS	and	21	(78%)	ATL	patients	achieved	seizure	remission	

(difference	=	26%,	P	value	at	the	15%	noninferiority	margin	=	.82).	

Significance: These	data	suggest	that	ATL	has	an	advantage	over	SRS	in	terms	of	proportion	of	seizure	remission

Google	citation:	55

Stereotactic	Radiosurgery	(SRS)



Deep	Brain	Stimulation	



Evidence	for	Anterior	Thalamic	Nucleus	Stimulation	in	Epilepsy	(SANTE	Trial)

• Multicenter,	double-blind,	randomized	trial		- bilateral	AN	of	thalamus	DBS
• 110	participants	randomized
• 3	month	blinded	phase,	then	unblinded stimulation
• In	the	blinded	phase,	patients	with	active	AN	stimulation	reported	a	40%	decrease	
in	seizure	frequency,	versus	a	15%	decrease	in	the	stimulation	OFF	group,	a	
significant	difference	(P	=	.002).

• In	long-term	(5	year)	follow-up,	the	mean	reduction	in	seizure	frequency	was	69%,	
and	68%	of	patients	reported	50%	or	better	reduction	in	seizure	frequency.

Google	Scholar	Citation:	1309



Responsive	
Neurostimulation



Evidence	for	Efficacy	of	Responsive	Neurostimulation

Google	Scholar	Citations:	440



Responsive	Neurostimulation

• Median	percent	
reduction	in	seizures	was	
66%	by	year	six.	

• As	with	other	stimulation	
approaches,	responder	
rates	improved	over	time	
(Morrell,	M.R.	Investigators	Nine-year	Prospective	Safety	
and	Effectiveness	Outcomes	from	the	Long-Term	Treatment	
Trial	of	the	RNS®	System.	Brain	Stimul.	2019,	12,	469	)



Google	Scholar	Citation:	35



Stereoencephalography



• No	prospective	controlled	clinical	trials
• Robotic	trajectory	guidance	systems	
• Supporting	evidence	is	limited	to	class	3	

only.

SEEG:	Technique	&	Electrode	Placement	Accuracy





Outcomes:	SEEG	versus	Subdural	Grids





Laser	Interstitial	Thermal	
Therapy











Conclusions
• Epilepsy	Surgery	continues	to	evolve
• Major	advances:	Minimally	Invasive	Epilepsy	Surgery	
(Stereoencephalography,	Laser	ablation)	and	
increasing	use	of	Brain	Stimulation	(Responsive	
Neurostimulation,	Deep	Brain	Stimulation)

• Increasing	number	of	cases
• HIFU	is	a	technology	to	watch	out	for	(FDA	approved	
for	functional	neurosurgery	but	still	in	research	for	
epilepsy)

• Challenge	may	be	in	how	to	integrate	the	old	with	the	
new



Thank	you


