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Learning Objectives
• Summarize the epidemiology and the global disease burden of epilepsy
• Describe nonpharmacological options available for treatment resistant epilepsy, 
including vagus nerve stimulation (VNS) and responsive neurostimulation (RNS)  

• Review the short-term and long-term effects of brain responsive neurostimulation
• Discuss the effects of neuromodulation when utilized with antiepileptic drugs  
• Summarize the MOA of deep brain stimulation for the treatment of epilepsy
• Outline future and emerging concepts surrounding neuromodulation for epilepsy 



Epilepsy Background
• About 1% of the population suffers from epilepsy

• Seizures are refractory to anti-epileptic medications (AEDs) in 
30% to 40% of patients

• The global burden of disease is similar to lung cancer in men and 
breast cancer in women

• Many patients with drug-resistant epilepsy can have significant 
improvement in seizures with epilepsy surgery or neurostimulation



What is a Comprehensive Epilepsy Center?

All US Epilepsy Centers

www.naec-epilepsy.org



DBS
Neuromodulation in Epilepsy

RNS

VNS



https://en.wikipedia.org/wiki/The_New_England_Journal_of_Medicine


1795 patients, followed 
until October 2014



Guideline: Patients who have failed ≥ 2 well-tolerated AED 
trials should be referred to a comprehensive epilepsy 
center for evaluation, including consideration of surgery 



Epilepsy Surgery

• Ablative or destructive
• Resection
• Ablation

• Laser interstitial thermal therapy 
(LITT)

• Radiofrequency ablation
• Disconnection 

• Multiple subpial transections 
(MST)

• Corpus callosotomy
• Functional/anatomic 
hemispherectomy

• Neuromodulation
• Vagus nerve stimulation (VNS) – 
FDA 1997

• Responsive neurostimulation (RNS) – 
FDA 2013

• Deep brain stimulation (DBS) – 
FDA 2018



Modified from Englot, 2018, 
Epilepsy Behav

One Possible (Simplified) 
Epilepsy Surgery

Algorithm



Chang et al. Epilepsy Behav 2015 Jun;47:24-33.

Example of Standard Anterior Temporal Lobectomy



Englot et al., Neurosurg Rev. 2017 Apr;40(2):181-194. 

LITT (Laser Interstitial Thermal Therapy)







Randomized Controlled Trials Examining VNS

Englot et al. J Neurosurg. 2011 Dec;115(6):1248-55. 

Class I evidence: blinded, randomized controlled trials

Study N
Seizure 
type

Comparison
Follow-
up

No. 
centers

Mean % 
seizure 
reduction

% patients with 
>50% reduction

Ben-Menachem, 
1994 114 partial high vs low stim

3 
months

multi
25 (high) vs 6 

(low)
31

Handforth, 1998 196 partial high vs low stim
3 

months
multi

28 (high) vs 
15 (low)

23

Nonblinded, randomized controlled trials

Study N
Seizure 
type

Comparison
Follow-
up

No. 
centers

Median % 
seizure 
reduction

% patients with 
>50% reduction

Scherrmann, 
2001 28 mixed 2 stim paradigms NR single 30 (overall) 45

DeGiorgio, 2005 61 partial 3 stim paradigms
3 

months
multi 26 (overall) 29



- 74 clinical studies with 3321 patients suffering from intractable epilepsy

- Seizure frequency reduced by average 45%, with 36% reduction in 
seizures at 3-12 months and 51% reduction after >1 year

- At the last follow-up, seizures reduced by ≥50% in approximately 50% 
of patients

- Complete seizure freedom rarely achieved, and one-quarter of patients 
experienced no benefit



Response and Seizure-freedom Rates with 
VNS from Manufacturer Registry Data 

Englot et al., Neurosurgery. 2016 Sep;79(3):345-53. 

Data from 12,319 
unique provider 
visits among 
5,554 patients. 







Quality of Life Metrics with VNS from
Provider Survey Data

Englot et al., 2017 Epilepsy Behav.





Responsive Neurostimulation (RNS)



Responsive Neurostimulation (RNS)









- Adverse events in the trial included hardware site infection (5.2%), 
headache (10.5%), dysesthesia (6.3%), increase in generalized 
(4.7%) or complex-partial (5.8%) seizures. Other complications 
were rare. 

- Serious adverse event rates did not differ between patients 
receiving therapeutic or sham stimulation.



111 patients, 72% bilateral. Median 70% seizure reduction at mean 6 years



126 patients

At mean 6 years, 70% seizure 
reduction with frontal/parietal, 
58% temporal neocortical, 
51% multilobar.

The rates of infection 
(0.017 per patient implant year) 
and perioperative hemorrhage 
(0.8%) similar to other 
neurostimulation devices.



73% achieved ≥50% 
seizure reduction at year 9

28% had at least 1 period 
of ≥6 months without 
seizures

75% median seizure reduction at year 9

Nair D. et al, American Epilepsy Society Poster, 2018

Long-Term 9 Year RNS Outcomes

Lobe Median % 
Reduction

Responder 
Rate

MTL (n=66) 73% (58-96%) 77%

Neocortical 
(n=70)

81% (34-100%) 70%

35% achieved ≥ 90% 
seizure reduction in most 
recent 6 months





These findings suggest that RNS 
effectiveness may be explained by long-term, 
stimulation-induced modulation of seizure 

network activity rather than by direct effects on 
each detected seizure.









• N = 256 implanted subjects, 1895 device years experience
• 75% median decrease seizure frequency at 9 years
• (67.2% using last observation carried forward)
• 30% with 6-month, 19% with 12-month seizure free period
• No device related serious adverse events



Deep Brain Stimulation (DBS)

Courtesy of Medtronic

1997: DBS for tremor 
symptoms in PD

2002: Advanced PD

2003: Dystonia: humanitarian 
device exemption

2016: Earlier PD

2018: Epilepsy







110 patients implanted and randomized to stimulation or no 
stimulation for 3 months, then all received stimulation for 2 years



Fisher et al., Epilepsia. 2010. 51(5):899-910.

By 2 years, 56% 
median reduction in 
seizure frequency

54% of patients had a 
seizure reduction of at 
least 50%

Biggest impact on 
consciousness-
impairing seizures 
(CPS, GTCS)



• N=50 of original 110
• 75% median seizure frequency decrease at 7 years
• 70% using last observation carried forward
• 74% responder rate (>50% decreased frequency)
• 18% with at least one 6-month seizure-free interval
• 9 subjects seizure free for preceding year
• Quality of life measure (QOLIE-31) showed significant 
improvements



• Improved scores on executive function and attention with 
stimulation

• No declines in cognitive or depression scores across a 
broad array of cognitive tests

• Some subjective memory and depression complaints



• N = 110 implanted subjects, 938 device years experience

• No serious adverse events related to stimulation

• Two SUDEP deaths (2 per 1000 patient years), which is 
comparable to or better than historical controls



What are the 
mechanisms 
of ANT DBS?



Yu et al., Brain 2018. 141(9):2631-2643. 
15-45 Hz stim: synchronized hippocampal activity; >45 Hz stim: desynchronized.



Yu et al., Brain 2018. 141(9):2631-2643. 

Reciprocal Connectivity Between 
Hippocampus and the Ipsilateral ANT











Current and Future Directions
• Improved patient selection: not one-size fits all

• VNS (open loop)
• Evaluation of closed-loop stimulation (?EEG driven)
• Improved stimulation paradigms

• RNS
• Improved detection and stimulation algorithms: Is it the responsive stimulation or cumulative stimulation?
• Additional electrodes
• Closed loop subcortical stimulation

• DBS 
• Improved targeting, relating outcomes to placement
• Comparison of different targets
• Study in generalized epilepsy syndromes
• Further studies of mechanisms



VNS: Advantages and Disadvantages

• Advantages
• Least invasive (not intracranial)
• Shortest recovery
• Relatively easy to program and easy to manage
• Does not require localization

• Efficacy in generalized and multifocal epilepsy

• Disadvantages
• Seizure reduction rates appear lower 
• Most stimulation side effects, particularly at higher currents
• Room for innovation may be more limited
• No data output to improve therapy



DBS: Advantages and Disadvantages
• Advantages

• Greater seizure reduction rates with brain stimulation
• Relatively easy to program and easy to manage
• Does not require localization

• Efficacy in multifocal epilepsy (generalized?)

• Disadvantages
• Less data vs RNS is recent studies
• No data output to improve therapy
• More invasive than VNS



RNS: Advantages and Disadvantages

• Advantages
• Greater seizure reduction rates with brain stimulation
• Data output provides feedback and guides therapy
• Greater potential to innovate with closed-loop stimulation

• Disadvantages
• Requires localization hypothesis
• Requires more effort from patient and physician programmer
• More invasive than VNS



Thanks!
Dario.Englot@vumc.org
     @englot

mailto:Dario.Englot@vumc.org

