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low and make this a very attractive option. The newly 
introduced cardiac monitoring feature with responsive 
changes on the VNS have increased its potential bene-
fits to include lowering the risk of sudden death in epi-
lepsy (SUDEP) even further. Unfortunately, many parts 
of the world outside of Europe and the USA do not offer 
this option regularly and its use is highly uncommon. 
Transdermal VNS remains a less effective option and is 
usually utilized as a research tool only. Improving avail-
ability and access to the use of this device would help 
combat the burden of epilepsy worldwide as the costs 
are quite reasonable and the benefits remain manifold. 
Potential downsides to the use of the VNS device in-
clude its nature as a palliative rather than a curative op-
tion, lack of significant response (< 50% seizure reduc-
tion) in a reasonably higher number of patients (around 
30-40%) and the need to for multiple visits to the phy-
sician making it challenging for patients and families or 
caretakers. Added benefits also include its use for the 
treatment of depression, for which it was approved by 
the FDA in 1999, which makes it a very attractive option 
for multimodal benefit in many epilepsy patients with 
coexistent depression, who make up a large fraction of 
the epilepsy population.

Responsive neurostimulation (RNS) represents a new-
er advancement in the field of neuromodulation for 
epilepsy, with complete FDA approval given in 2013 
after initial trial onset in 2010-2011. The benefits of 
closed loop responsive stimulation for epilepsy have 
been studied in the last few years and significant 
improvements have been noted in seizure control 

Epilepsy is a chronic condition that affects 1-3% of 
the population world-wide [1]. There are 50-65 million 
people worldwide with epilepsy [2]. Approximately two-
thirds of the epilepsy population is well controlled on 
about seizure medications alone, while the remaining 
one-third remains refractory with poor or insufficient 
seizure control on two or more medications [3]. These 
refractory patients are often in desperate need of ad-
ditional therapies besides medications for seizure man-
agement. Epilepsy surgery, trial medications, ketogenic 
diet are some other options, which have shown prom-
ise in a good number of patients. Neurostimulation joins 
the list of available treatments that have helped trans-
form the landscape of treatment of refractory epilepsy.

Vagal nerve stimulation (VNS) represents the earli-
est and longest used method of neuromodulation for 
epilepsy. Implanted and transdermal VNS approaches 
have both been used and the implanted technique has 
been proven to be more superior and has become the 
procedure of choice. VNS implants offer a good treat-
ment option for generalized, multifocal and inoperable 
epilepsies and are often preferred by patients who wish 
to have the least invasive option used in them. The VNS 
also offers relatively good results in patients with focal 
epilepsies that may be unable or unwilling to undergo 
more invasive surgical treatments. VNS implantations 
have been used in Europe since 1994 and the USA since 
1997 with excellent results and rare complications in a 
large cohort consisting of more than 100,000 patients. 
Cost of implantation and up keep of the device, includ-
ing surgeries for revision or battery replacement, are 
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in performing it and costs of surgery may prove to be 
an obstacle. DBS still represents a very reasonable ap-
proach to the management of refractory epilepsy with 
good applicability to a variety of epilepsy syndromes. 
Multifocal or generalized epilepsies would theoretical-
ly represent the best patient types for a DBS implanta-
tion, although focal epilepsies with rapid generalization 
of seizures may be fairly good candidates as well. DBS 
probably represents a network effect of neuromodu-
lation, rather than a targeted treatment like RNS, and 
certainly has widespread applicability in terms of choice 
of patients to perform the procedure in. Potential draw-
backs include the degree of invasiveness, difficulty with 
finding the desired targets, incidence and risk of in-
tracranial hemorrhage and infection as well, while the 
cost of imaging, evaluation and surgical implantation 
always remain prohibitive in many countries. DBS has 
shown great promise in many conditions besides epi-
lepsy and movements disorders (Parkinson’s, dystonia 
and tremor), such as anxiety, depression, OCD, anorex-
ia, addiction and Alzheimer’s disease [4]. The DBS was 
used most recently in Canada to treat a case of alcohol 
dependence and Chinese centers are performing it ex-
perimentally for its use to treat opioid dependence with 
targeting involving the nucleus accumbens and anterior 
limb of the internal capsule, with promising results in 
the early stages [5]. More than 160,000 patients have 
been implanted with DBS worldwide, across all indica-
tions, with good safety profiles being achieved. Most of 
these patients have been implanted for Parkinson’s or 
tremor with current literature reflecting that about 825 
patients having being implanted with DBS for epilepsy 
cross a variety of targets, with the anterior thalamic nu-
cleus being the most popular site.

Neuromodulation as a whole has taken giant steps 
forward over the last few years due to the change 
in approach to the treatment of epilepsy as a net-
work disorder rather than an isolated seizure focus 
with wide ranging effects. Seizure freedom or sig-
nificant reduction have always represented the pri-
mary objectives of neuromodulation and the devices 
mentioned above achieve fairly good rates of seizure 
freedom ranging from 50-75% over a few years [6]. 
Secondary benefits include improvements in cog-
nition, reduction in depression, anxiety and similar 
psychiatric disturbances and minimal to substantial 
improvements in quality of life, depending on patient 
choice and seizure outcomes. Further uses for neu-
romodulation continue to be explored, especially in 
the fields of psychiatry and addiction medicine, in ad-
dition to the expanding role of neuromodulation for 
epilepsy and other neurological disorders.

Other non-invasive approaches involving transcra-
nial magnetic stimulation (TMS), non-invasive VNS, 
transcranial direct nerve stimulation (tDCS) and tri-
geminal nerve stimulation (TNS), among others, are 
also being investigated but would need more data 

with the use of this device. Chronic electrocorticog-
raphy with closer monitoring and resultant changes 
in treatment also make this a very attractive option, 
especially in patients for whom resection of eloquent 
cortex is not an option. The RNS has been found to be 
the treatment of choice in epilepsy patients with bi-
temporal involvement, eloquent cortical seizure on-
set such as motor, language or visual cortex or large 
networks with multifocal or diffuse involvement, due 
to its network modulating properties. Improvement 
in detection and responsive algorithms has resulted 
in improved detection and treatment rates produc-
ing better seizure outcomes over the last few years. 
While not guaranteeing seizure freedom, it does offer 
substantial seizure reduction in many patients with 
an improvement in cognitive and quality of life mea-
sures as well. The restrictive cost of implanting and 
maintaining the RNS device does make it a less attrac-
tive option in many parts of the world and its current 
usage is restricted to the United States only. Produc-
ing a cheaper version or a less complicated version of 
the device with more simplistic algorithms may result 
in the creation of a device that may offer benefit for a 
large cohort of patients worldwide at the expense of 
a certain degree of sophistication or accuracy. Draw-
backs of using this device include its highly invasive 
nature, exorbitant cost of implantation and mainte-
nance, need for high quality technical support and as-
sistance, potential risks for infection and hemorrhage 
and the need for a high level of technical, radiological 
and surgical accuracy to ensure proper and effective 
implantation. The device has however, continued to 
show increasing popularity with about 1800 patients 
implanted in the USA thus far with an expected large 
increase in numbers over the next few years. Ancil-
lary benefits also include decrease in anxiety and de-
pression, similar to the VNS device, although there is 
no specific FDA approval in place for such an indica-
tion. The RNS has been found to show good results in 
patients with a previously implanted VNS device as 
well, reflecting their combined effects on the epilep-
tic networks of the brain.

Deep brain stimulation (DBS) represents the latest 
modality in the field of neuromodulation for epilepsy. 
While the technology itself is not entirely new, in that 
it has been used for the treatment of Parkinson’s dis-
ease and tremor for upwards of 20 years, its application 
to the field of epilepsy is relatively novel. Initial trials 
for DBS started in 2010 (SANTE), before the FDA finally 
gave approval in 2018, after years of analyzing SANTE 
follow up data. The anterior nucleus of the thalamus 
represents the most common target for the treatment 
of epilepsy while alternative approaches have included 
targeting the dorsomedial and centromedian nuclei, 
the cerebellum or the hippocampi for certain subtypes 
of epilepsy. While availability of technique and knowl-
edge of the procedure are present worldwide, expertise 
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as a whole and offer neurostimulation a unique and 
special place in the lineup of epilepsy treatments and 
scientific developments of the medical profession.
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and greater numbers to determine efficacy and appli-
cability of use worldwide. The numbers available for 
these modalities are quite small with initial results 
being unimpressive with less than 30% seizure reduc-
tion seen in most case series. Improved techniques 
or stimulation parameters may offer better results 
in future, but the current interest in these devices is 
dwindling, especially since the previously mentioned 
options are quite popular and reasonably effective.

Cost and availability of surgical equipment and 
techniques currently represent the greatest obsta-
cles in widespread use of these techniques, but these 
can be overcome with concentrated efforts targeting 
financial and infrastructural investment and aware-
ness towards the field of epilepsy as a whole. Neuro-
modulation is a relatively nascent field with many ad-
vances expected in this field over the next few years, 
resulting in many significant improvements and mod-
ifications to current treatment protocols over time. 
These changes are expected to benefit scientific 
knowledge, medical practice, patients, and humanity 
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