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Epilepsy is a disorder in which abnormal electrical signals between
brain cells lead to seizures. Seizures can cause people to shake,
blank out, or even lose consciousness. When medications cannot
prevent seizures and there is no brain area that can be removed to
solve the problem, a procedure implanting a vagus nerve stimulator
(VNS) can be an option. VNS machines send electrical pulses up to
the brain through a major nerve connecting the brain to the rest
of the body—the vagus nerve. These signals calm the brain down,
making intense seizures less likely. Since a racing heartbeat often
comes before intense seizures, new cardiac VNS machines that listen
to a patient’'s heart can send a burst of electricity to calm the brain
down during a seizure. This article reviews how this revolutionary
technology works, compares it to previous types of VNS and
describes how it could help people who suffer from epilepsy.
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NEURONS

Brain cells that
communicate via
electrical and
chemical signals.

SEIZURE

Seizures are when a
problem in the brain

causes people to shake,

experience funny
feelings, blank out, or
even lose
consciousness against
their own will.

EPILEPSY

Epilepsy is a disorder in
which abnormal
electrical signals
between brain cells
lead to seizures.

WHAT ARE SEIZURES AND WHY DO THEY HAPPEN?

The brain is made up of billions of cells that constantly communicate
with each other. Signals between specialized brain cells called neurons
allow us to do everything, from walking to talking to thinking. To do
these things, neurons must be able to turn “on” (send signals to other
neurons and to the body to make things happen), but they also must
be able to turn “off” (stop sending those signals). For example, to walk,
you need to pick up a foot, but you also need to put it down. Seizures
happen when neurons do not turn off when they are supposed to,
causing a person’s brain and body to be stuck in a loop. Think about a
cellphone or a computer that has glitched!

WHAT CAUSES MALFUNCTIONS IN ELECTRICAL BRAIN
SIGNALING?

Malfunctions in brain signaling happen when neurons do not turn
off/on at the right time. This can be because there is damage to an
area of the brain (like a light switch that is damaged and will not turn
off) or if the regular on/off rhythms glitch (like if an automatic light
switch glitched and started turning on and off every minute instead of
every 12 h). Infections, genetic conditions, abnormal structures in the
brain (like tumors), and trauma can all cause seizures.

HOW CAN WE TELL WHEN A SEIZURE IS OCCURRING?

In the movies, seizures are often shown as violent, uncontrollable
shaking, and sometimes with a loss of consciousness. However, there
exist many types of seizures depending on which brain location is not
working as it should. Sometimes seizures can consist of a few seconds
of staring or blinking, in which a person appears to “freeze up” or if
they come from just one part of the brain, seizures can involve just
one part of the body. Most of the time, all of a person’s seizures will
look the same as their previous seizures. The best way to know what
type of seizures a person with epilepsy has is to ask the person (or their
parents) what their seizures look like.

WHY DOES THIS MATTER, AND WHAT CAN WEDO TO
HELP?

Seizures and epilepsy are very common! About 1 in every 10 people
will have a seizure in their life. Epilepsy, which is a condition in which
a person who has had at least one seizure is more likely to have future
seizures, affects 1 in 100 people. Most people with epilepsy can take
medication to prevent seizures. However, roughly 1 in 3 people will
continue to have seizures despite taking medications. These seizures
can be life-threatening and cause injury. Even short seizures can
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VAGUS NERVE
STIMULATOR (VNS)

A machine that sends
electrical signals to the
brain via the vagus
nerve, to help end a
seizure and return the
brain to normal.

VAGUS NERVE

A bundle of neurons
that connects the brain
to many of the body's
organs, like the heart or
the gut.

EEG

An EEG
(electroencephalogram)
is a test that measures
the brain’s electrical
activity by placing small
sensors on the head.

Figure 1

The vagus nerve
connects the brain to
many of the body'’s
internal organs. Image
credit: Quyen Nguyen.

affect people’s ability to participate in normal activities like driving or
going swimming by themselves. Epilepsy can also be embarrassing or
frightening since it can be hard to explain to other people.

For people who have epilepsy that does not respond to medications
(also called refractory epilepsy), surgery is one treatment option.
Sometimes, brain surgeons can take out the part of the brain that is
malfunctioning. However, sometimes the malfunctioning parts of the
brain are too large to remove or involve either the whole brain or parts
too important to remove. In these cases, devices called vagus nerve
stimulators (VNS) can be an option.

WHAT IS THE VAGUS NERVE AND WHY DO WE STIMULATE
IT?

The vagus nerve is a bundle of neurons that connects the brain to
the internal organs, to control involuntary (automatic) functions like
heartbeat and breathing (Figure 1). In the 1930s, researchers found
that when the activity of the vagus nerve increased, there were also
changes in brainwaves that could be seen by using a test called EEG.
By the 1980s, scientists found that stimulating the vagus nerve could

Figure 1
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Figure 2

A VNS device consists
of tiny electrodes

that are attached to the
vagus nerve, which in
turn has multiple
connections to the
brain. A pulse generator
sends a burst of
electricity that can
stimulate the vagus
nerve and help to stop
seizures or prevent
them from getting
worse. Image credit:
Quyen Nguyen.

HEART RATE

Your heart rate is the
number of times your
heart beats in a minute.

CARDIAC
Relating to the heart.

stop seizures in dogs. After further studies showed that stimulating
the vagus nerve could also help people, doctors started using VNS
to treat patients with refractory epilepsy—to stop seizures or prevent
them from getting worse. While there are many theories, scientists and
doctors still do not know for sure why VNS works (Figure 2).

BRAIN

VAGVYS

/ NERVE
jECRODES

Figure 2

Amazingly, newer VNS models with better technology do not even
need to wait for the seizure to be obvious to help stop it, since they
can listen to the heart as well as the brain. How do they do that and
why does it help?

LISTENING TO THE HEART CAN HELP US TAKE CARE OF THE
BRAIN

Seizures can affect the whole body, including the heart. They can
cause the heart to start beating faster and in a more irregular rhythm.
Usually, this change in heart rate happens right before seizures [1].
Scientists developed a cardiac-based VNS machine that listens to the
patient’s heart to look out for a fast heart rate. When a fast heart rate
is detected, the VNS sends an extra electrical pulse up to the brain
through the vagus nerve [2-4]. This signal can calm the brain down
and could help prevent seizures, though this has only been shown in
adults and not yet in children. This is very exciting because the cardiac
VNS machine could help stop seizures early, instead of stopping them
once they are already obvious (Figure 3).

In our study, we looked at how the new cardiac VNS compares to the
older version. After an average of 6 years of using the first model of the
VNS machine, 30 teenage epileptic patients in two medical centers
replaced their classic VNS machines with the new cardiac version.
We checked up on the teenagers for about a year after the change.
About a quarter of teens reported that their seizures were 80% less
frequent. That means 1 in 4 teens could significantly reduce their
seizure frequency by switching to cardiac VNS. We determined that
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Figure 3

To attach a VNS device,
a brain surgeon makes
an incision in the skin
of the neck to wrap the
electrodes of the VNS
around the vagus
nerve. These electrodes
are connected to the
pulse generator, which
is placed under the skin
on the upper left part of
the chest. Image credit:
Quyen Nguyen.

ELECTRODES

Figure 3

about half of the teens ended up having the same number of seizures
with the new machine as with the old system. Unfortunately, about a
quarter of teens experienced slight discomfort while using the cardiac
stimulation mode of the new VNS device and so opted for the classic
non-cardiac stimulation they were used to [5].

SUMMARY

In this article, we explained that epilepsy is a brain disorder that causes
seizures. Seizures are caused by malfunctions in how brain cells called
neurons communicate with each other, through electrical signaling.
Seizures often begin with changes in heart rate—the patient’s heart
beats faster and more irregularly. Since 1 in 3 epilepsy patients
continues to have seizures despite medications, VNS can be an option
for those patients. Scientists and engineers have developed new
VNS machines that listen to the patient's heart, which can help to
stop seizures earlier. We studied 30 teenage epileptic patients who
replaced their classic VNS machines with the new cardiac version
and found that a quarter of patients experienced 80% fewer seizures
than before. These promising results show us that for certain children
suffering from epilepsy, cardiac VNS may be the best treatment option
available, however, more research is needed to figure out how to
eliminate discomfort, increase efficacy and learn more about how this
technology helps children in particular.
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YOUNG REVIEWERS

EMILY, AGE: 8
Emily is in 3rd grade. She enjoys swimming and math. She likes science because she
enjoys doing experiments at home with her friend.

VRINDA, AGE: 10

Vrinda is in 5th grade. She likes reading books, biking, running, hiking, swimming, arts
and watching movies. Water parks, trails, beaches are the places where she always
wants to be. Reading fiction, learning about science facts and its relevance in our lives
keeps her excited. Her favorite books are Wings of Fire, Adventures Guide, Bad Guys.
She loves exploring different cultures, understanding their values, learning about
similarities and differences. Vrinda loves eating 2 things—sweet and sweet.
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