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What is Neuromodulation?

➢ Neuromodulation is the process by which 
nervous activity is regulated by way of 
controlling the physiological levels of several 
types of neurotransmitters.

➢ It is defined  by the International 
Neuromodulation Society as 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





The brain’s 
neuromodulators 
are:

Serotonin
Acetylcholine
Dopamine
Noradrenaline



Pharmalogical
➢ Prescription 

Medication

Other Types of 
Neuromodulation

Direct Stimulation
➢ Spinal Cord Stimulators
➢ Deep Brain Stimulators
➢ Cochlear implants
➢ Sacral Nerve Stimulator
➢ Vagus Nerve Stimulator
➢ Responsive Nerve Stimulator



Neuromodulation in the 
treatment of Epilepsy

❖ Neuromodulation devices are used in the treatment of 
medically refractory epilepsy. This has been defined as epilepsy 
with persistent seizures despite adequate trials of at least two 
anti-epileptic drugs 

❖ The first choice of treatment is resective surgery if the seizure 
focus can be definitively localized and if surgery can be safely 
performed without causing intolerable neurologic deficits. 

❖ Patients with medically refractory epilepsy who are not 
candidates for potentially curative surgery may benefit from the 
implantation of a neuromodulation device.



Vagus Nerve Stimulator
VNS

prevents seizures by 
sending regular, mild 
pulses of electrical energy 
to the brain via the vagus 
nerve. 

These pulses are supplied by a 
device something like a 
pacemaker.

When activated, the device 
sends electrical signals along 
the vagus nerve to your 
brainstem, which then sends 
signals to certain areas in your 
brain.



The VNS 
Therapy 
System 
consists of an 
implanted 
pacemaker-lik
e  generator 
and nerve 
stimulation 
electrodes, 
which deliver 
intermittent 
stimulation to 
the patient’s 
left vagus 
nerve that 
sends signals 
to the brain 



Why 
does it 
Work?

Doctors don’t know for sure. They do know that the 
vagus nerve is an important pathway to your brain. 
They think stimulating the nerve sends electrical energy 
into a wide area of the brain. That disrupts the 
abnormal brain activity that causes seizures. Another 
theory suggests that stimulating the nerve makes your 
brain release special brain chemicals that lower seizure 
activity.



How Does IT Work?
• The neurologist programs the strength and timing of 

the impulses according to each patient's needs. 

• For all patients, the device is programmed to go on 
(start stimulation)  for a certain period and then to 
go off (stop stimulation) for another period

• The device is set to give stimulation at regular 
intervals during the day, usually with 30 seconds of 
stimulation alternating with 5 minutes of no 
stimulation. The patient is usually not aware that it's 
operating.

• Holding a special magnet near the implanted device 
(generator) triggers the device to deliver another 
burst of stimulation, outside of the programmed 
intervals. For people with warnings (auras) before 
their seizures, activating the stimulator with the 
magnet when the warning occurs may help to stop 
the seizure. 



Who can use VNS?

• People with partial epilepsy aged 12 and older
• People whose seizures are not helped enough by AEDs •
Adults (aged 18 and older) with depression that is not helped 
by other treatments 

 Patients who: 
∗ Are refractory to medications
∗ Experience severe medication side effects
∗ Are not candidates for resective surgery 



 ∗ Hoarseness
 ∗ Cough
 ∗ Paresthesia
 ∗ Shortness of breath
 ∗ Notably ABSENT side effects:

 ∗ “Medication” adverse effects
 ∗ Eg. sedation or dizziness, cognitive     

effects, drug interactions, bone loss,     
teratogenicity 
 

VNS Side Effects



Resonsive Nerve Stimulator
RNS

A “closed loop” system  monitors EEG and detects 
seizure   onset  delivers electrical impulse to site of   
seizure origination  requires identification of the 
focus  and programming to set parameters  for 
detection and impulse delivery 



Responsive Nerve 
Stimulator
RNS

A “closed Loop” system that 
monitors EEG and detects 
seizure onset

These pulses are supplied 
by a device something like 
a pacemaker

When abnormal activity is 
detected, the Neurostimulator 
delivers electrical stimulation to 
the brain through the leads to 
prevent seizures.



The RNS 
system 
monitors 
brainwaves 
to detect 
seizures 
and sends 
an electrical 
impulse to 
disrupt the 
abnormal 
brain 
activity 
before the 
seizure can 
occur



How Does IT Work?
• Neurostimulator is placed under the scalp and 

within the skull by a surgeon. One or two leads are 
then placed at the seizure target and connected to 
the neurostimulator. 

• The neurostimulator continuously monitors the 
brain’s activity and is programmed by the epilepsy 
doctor to detect and record specific patterns that 
could lead to a seizure. 

• When these patterns are detected, the 
neurostimulator responds with brief pulses of 
stimulation intended to disrupt the abnormal brain 
activity before a seizure occurs. Detection and 
stimulation settings are individualized for each 
patient’s patterns and so that stimulation is not felt. 

• Patient gets a take-home monitor so that brain 
activity data can be sent to the epilepsy doctor 
between office visits.



Who can use RNS?

• People with partial epilepsy aged 18 and older 
• People whose seizures are not helped enough by AEDs 

 Patients who: 
∗ Are refractory to medications
∗ Experience severe medication side effects
∗ Are not candidates for resective surgery
* Patients have one or two seizure onset zones.



Benefits
Provides stimulation only 
when triggered by early 
seizure activity, the brain 
receives less stimulation 
than it would with earlier 
types of neuromodulation, 
which deliver constant 
stimulation

Stimulation is targeted 
only at the seizure focus. 
By isolating the seizure 
focus, normal parts of the 
brain are left alone and the 
chance of side effects is 
further reduced This reduction in 

stimulation dose also 
helps the battery last 
longer



Deep Brain Stimulator
DBS
DBS therapy is a fairly new treatment for epilepsy and has been 
shown to be helpful for some people whose seizures cannot be 
controlled with other treatment.

Trigeminal nerve stimulation 
TNS

A non-invasive medical device used for the treatment of 
epilepsy and depression. It is designed to stimulate the 
trigeminal nerve by placing electrodes of the surface of 
the skin typically while a patient sleeps



Future

➢ The rise of new technologies will only improve our 
ability to create a more effective neurostimulators. 

➢ Improved wireless transmission of high quality 
data would significantly reduce the amount of 
hardware that needs to be implanted.

➢ Future applications of may also be able to track the 
levels of certain chemicals in the brain. 

➢ This information could be used independently or 
along with EEG data in predicting brain states 
consistent with activity prior to or during a seizure



THANKS!

The End


