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TREATING PARKINSON’S DISEASE WITH
BRAIN-CONTROLLED ELECTRICAL STIMULATION

Coralie de Hemptinne* and Nicole C. Swann*

Department of Neurological Surgery, University of California, San Francisco, San Francisco, CA, USA

REVIEWED BY: In this article, we discuss a treatment for a brain disorder called Parkinson’s
DARILS disease. People with Parkinson’s disease have abnormal movements. One
e @ treatment that improves the symptoms involves sending electricity to deep

parts of the brain. A problem with the treatment is determining how much
electricity to send and when to send it. Without knowing these things,
sometimes too much electricity is used and side effects can occur or too little
stimulation is sent and the patient’s symptoms do not improve. A solution to
this problem would be providing feedback to the device, telling the device
how bad the symptoms are at a certain time, so that the amount of electricity
used can be adjusted. This way the device could send stimulation only when
the patient really needs it (when they have bad symptoms). Scientists think
that brain signals may make a good feedback signal for these devices. Since
Parkinson’s disease is a brain disorder, brain activity during symptoms may
be different from when there are no symptoms.

Imagine you are playing tag with your friends. You see your friend hiding by
a tree about 15 ft away. You start running over to the tree to tag her, but she
sees you coming and suddenly sprints off in the other direction toward the
swing! What do you do? Should you continue running toward the tree like
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Information that is sent
back. This information
can help determine if
behavior or other actions
need to be adjusted.

Example of feedback
signal.

When the hand is too
close to the fire, the
fingers send a signal
telling the brain they are
too hot. Based on that
feedback signal the brain
commands the arm to
move away from the fire.
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you planned, and then run to the swing? Or do you change your plan and
run directly to the swing? Of course, you go straight to the swing if you want
to catch her!

What you did may not seem so hard, but it actually is kind of a big deal! You
first made a plan to run toward the tree, but when you saw your friend change
her hiding spot, you changed your plan. You adjusted your body’s action based
on what you saw your friend do. This is called a “feedback signal,” and we
use these signals all the time to control our behavior, even though we do not
always realize it.

For another example of how you use feedback signals to adjust your behavior,
imagine you are roasting marshmallows by a campfire. You want to get the
perfect marshmallow, so you move your stick as close as you can to the fire.
Suddenly, you feel your fingers heat up. You moved your hand too close! You
quickly move your hand away before you even have to think about it. This is
because your brain received a feedback signal from your fingers that they were
getting too hot. In response to this signal, you changed your plan about how
close to the fire you should get. You originally planned to move your hand
closer, but now your new plan is to move your hand away! (see Figure 1).

Feedback signals are used all the time to adapt our behavior. They can also be
very useful when certain parts of your body are not working well. When this
happens, a doctor may use a small machine to help the broken body parts do
their job, and a feedback signal can be used to tell the machine when to work.
This way, the machine and feedback signal can work together with the rest of
your body to make sure everything is working correctly.

Have you heard of a “pacemaker” for a heart? This is a small machine that
doctors use to help someone whose heart is not working properly. If you put
your ear on your parent’s chest you can hear their heart beating. Do you notice
how regular this beat is? This regular rhythm is very important. Your heart

‘OUCH’

feedback signal

MOVE AWAY

new plan
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A brain disorder that
affects movement.

A treatment for brain
disorders like PD where
electricity is delivered to
structures deep in the
brain.

[llustration of a heart
pacemaker.

A. Tiny electrodes are
placed in the heart and
connected to a small
computer placed under
the skin in the chest. B.
The recording electrode is
used as a microphone to
record the heartbeat. That
heart song is sent to the
computer that calculates
the speed that the heart is
beating. If the heartbeat is
not the correct speed, the
computer sends small
electrical jolts to the heart
through the stimulating
electrode to bring the
heart back into a normal
rhythm.
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needs to beat regularly, with beats evenly spaced in time, so it can pump blood
throughout your body. Unfortunately, some people’s heartbeats beat too fast
or too slow, and this can be very dangerous. One way to fix this problem is to
perform a surgery to place a tiny wire (called an electrode) in the heart and
connect it to a tiny computer that is placed under the skin of the chest (see
Figure 2A). This pacemaker can fix the irregular beating by sending a short
jolt of electricity to the heart when it is not beating at the correct speed. But
how does the pacemaker know when to send the jolt? That is where a feedback
signal comes in. The electrode records the heartbeat, like a microphone, and
sends this heart “song” to the computer. The computer can quickly calculate the
speed that the heart is beating. If the computer notices that heartbeat is too fast
or too slow, it sends a jolt of electricity through the electrode (see Figure 2B).
This “electrical stimulation” helps the heart rhythm return to normal. Think
of this stimulation like the extra push young kids might need from their mom
or dad to help them get up a tough hill when riding their bike. The electrical
stimulation provides a little push to help the heartbeat get back on track.

Sometimes, it is your brain that needs the extra push to get back on track. An
example of when the brain does not work correctly is Parkinson’s disease
(which can be shortened to: “PD”). PD is a brain disease that affects how people
move. It affects mainly older people, and it can make them move very slowly
and have trouble starting to move. It also can cause shaking (this is called
tremor). One treatment for PD is a sort of “pacemaker for the brain” During
asurgery, doctors place small electrodes deep into the brain and connect them
to a tiny computer placed in the chest (see Figure 3A). This computer also
contains a battery, which powers the device and allows electrical stimulation
to be delivered to the deep parts of the brain through these electrodes. This
electrical stimulation actually improves patient’s symptoms! This treatment is
called deep brain stimulation (which can be shortened to: “DBS”).

A Picture of a heart pacemaker B How does it work?
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[llustration of a brain
pacemaker (DBS).

A. Tiny electrodes are
placed in the brain and
connected to a small
computer placed under
the skin in the chest.

B. This figure shows that
the amount of
synchronization is much
higher in PD compared to
controls (people without
PD). In PD, the “brain
song” is unbalanced
because neurons are too
synchronized.
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During DBS, very short rectangular pulses of current are sent to the brain
(about 130 pulses per second or 130 Hz). DBS current alternates between
negative and positive directions, but the shape of the pulses and speed that
they change direction is different than the alternating current (AC) that comes
from plugs in your wall.

Where the doctors decide to put the electrodes for DBS depends on the patient’s
symptoms, but for PD, usually the electrodes are lowered into part of a small
group of structures in the middle of the brain called the basal ganglia (you
can see a picture of this in Figure 3A).

Deep brain stimulation works really well to control the abnormal movements in
many PD patients. However, it is not perfect. One problem is that DBS does not
have a feedback signal to turn off stimulation. This means that the stimulation
is on all the time. The problem is that patient’s symptoms change throughout
the day. Sometimes, they shake a lot or move very slowly, and sometimes, they
teel pretty good. But, the stimulation cannot adapt to these changes because
it does not have feedback about how the patient is feeling. This means that
sometimes the electrical stimulation is too strong and can cause side effects and
other times it is too weak and does not improve symptoms very much. Think
back to the example of playing tag with your friends. Having no feedback in
that situation would be like trying to chase your friends with your eyes closed.
How would you know where to run? Do you think you would be very good
at the game? This is the problem with DBS without feedback.

One way to improve DBS is to add a feedback signal. The best feedback sig-
nal would be one that is related to a patient’s symptoms, so that stimulation
could be used when the symptoms are bad and be stopped or reduced when

A Picture of DBS B Abnormal brain signal in PD
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Occurring at the same
time. In this article we
discuss how brain cells
can have too much
synchronization in PD,
meaning that their
activity at each moment
is too similar to one
another.
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the symptoms go away. The problem is that brain activity is more complicated
than heart activity, so we are not yet sure what feedback signals would work
the best. Many scientists are working on that problem right now! To find the
best feedback signal, they record the activity of the brain using electrodes
placed in or on the patient’s brain. Scientists’ record brain signals when PD
patients are feeling good and compare this to when the patients are feeling bad
because of their symptoms. Scientists can also compare brain signal recorded
in PD patients to those recorded in healthy people (they call them controls).
These experiments help scientists decide on a brain signal that shows when
patients are having bad symptoms, and this signal can be used as feedback to
tell the DBS machine when to turn on.

Recently, using these techniques, scientists have made some important discov-
eries. They have found that in PD the neurons are excessively “synchronized”
[1, 2]. This means that the neurons always “sing” together, at the same time,
and are unable to listen to each other. You can think of the healthy brain as
being like a choir. The conductor tells the singers (called the brain cells or
neurons) when to keep the same rhythm (or tempo) and tells them when
they need to change tempo or be quiet. The choir singers also listen to each
other to make sure that none of them sings louder than the others and that
they are all responding to changes in each others tempo. This can be thought
of as a “balanced choir,” or balanced brain activity (“balanced brain song”).
In the brain, changes in rhythms or tempo relate to changes in behavior. For
example, if you want to move your arm, the rhythm of the neurons (tempo of
the choir) will change, and then you will move. In PD patients, movements
may be abnormal because the rhythms of the neurons are too strong, and so
they do not change easily. This may cause the patient to be “stuck” or have
difficulty starting to move. It is like some of the singers in the choir are singing
all together at the very same time, and not listening to the conductor or other
singers, when it is time to change the tempo. This small group may become
louder and louder and keep the whole choir from being able to work together.
It could be thought of as an “unbalanced song,” unbalanced brain activity.
This may be why PD patients cannot move normally. The stronger the voice
or loudness the worse the PD symptoms are. You can see an example of this
abnormal synchronization in Figure 3B.

This gave scientists the idea that the amount of synchronization might be a
good feedback signal for DBS. Changes in the feedback signal could be used
to decide when to stimulate the brain. The way this would work is very similar
to the heart pacemaker. The small electrodes placed in the brain will record
the brain “song,” like a microphone, send this “feedback signal” to the small
computer which will calculate how synchronized the neurons are and use that
to decide when to change the amount of electricity sent to the brain. When
the patient feels bad because synchronization is very strong, the computer
will send a jolt of electricity to the brain through the small electrodes. When
a patient feels good and the synchronization is normal, the stimulation will be
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lllustration of DBS using
“brain song” as a
feedback signal.

The recording electrode is
used as a microphone to
record the brain song and
sends it to the computer
that calculates the amount
of synchronization. If too
synchronized, the brain
song is unbalanced and
patient is not feeling good.
Then, the computer sends
small electrical jolts to the
brain through the
stimulating electrode.
Once the brain song is
nice and balanced, the
patient feels good and

the stimulation can be
turned off.
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Nice
brain song!

Turn the
Stimulation
off!

Turn the
Stimulation
on!

turned down or even stopped (you can see a picture of Figure 4). In this way,
the symptoms can be controlled in a smarter way, which could help improve
symptoms and avoid side effects. Scientists are working on testing their idea
right now! More testing is still needed, but early experiments have shown that
using the amount of synchronization as a feedback signal does actually help
patient’s symptoms [3]. This is very exciting because it means that soon PD
patients will have better treatment!
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DARIUS, 10 YEARS OLD

| am 10 years old and in fifth grade. In my free time, | enjoy reading and computer
programming. As a hobby, | make useful objects and experiment with devices.
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