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Purpose

Deep Brain Stimulation (DBS)

The purpose of this project was to explore new potential uses for deep
brain stimulation, or DBS. Already, deep brain stimulation is an
effective method of treatment for Parkinson's disease. This project aims
to take that a step further and delve theoretically into the possibilities of
using DBS on different areas of the brain to treat chronic pain and other
neuromuscular diseases.

Deep brain stimulation, or DBS, is a method of treatment that is known
for being coupled with diseases that affect motor function. In DBS, one
or more electrodes are surgically implanted into the brain. These
electrodes will receive stimulation from a pulse generator at the
collarbone, which is similar to a pacemaker. These electrical signals will
trigger neural responses in the brain and mitigate the symptoms of
diseases.

Current Applications for DBS
Currently, DBS is mainly used as a means of reducing shaking and
involuntary movements in patients with nervous system disorders such as
Parkinson's disease, dystonia, and ataxia. It has also been explored as a
means of treating neurological diseases including various forms of
epilepsy and psychiatric diseases such as depression and obsessivecompulsive disorders. Treatments have been effective and over 160,000
patients receive surgical implants for DBS annually in the United States.
DBS provides multiple advantages over other surgical procedures as it is
non-lesional and minimally invasive.
There are two different types of widely used DBS, subthalamic nucleus
(STN) and globus pallidus internus (GPi). At the University of Florida, the
Department of Neurology formulated an investigation that proved the
effectiveness of DBS for Action and Rest Tremor in Parkinson’s Disease.
A total of 88 patients (57 STN and 31 GPi) were going through these trials
for 6-12 months. In conclusion, the STN patients had a larger percentage
of responders after 12 months and were more effective in suppressing the
brain target in management when it comes to AT. AT or action tremor, is
commonly found in all cases of a motion disorder. If it is not treated, 92%
of cases will get worse and worse over time unless not acted upon with a
DBS. The DBS thus concludes to be more effective than therapy when
located in the thalamus.

DBS for Parkinson's disease (https://eliteayurveda.com/blog/wp-content/uploads/2021/03/718030ac9e65bac1b5e83df56bd5380e.jpg)

DBS for Chronic Pain
This project's beginning purpose was to explore the relationship between
using DBS to treat chronic pain. Current treatments for chronic pain
include prescribed pain killers, which can be separated into three main
categories. Pain killers including acetaminophen as an active ingredient
can cause liver damage if taken in excess, especially to children and
infants. NSAIDs can cause stomach bleeding and kidney damage,
especially in the elderly. Finally, opioids can be addictive if the patient is
not cautious and will require increasing doses in order to remain effective
as the body will build up a natural tolerance. DBS will offer an additional
option for patients who have developed a significant tolerance to
traditional prescription pain killers, as well as eliminating some of the
undesirable side effects such as drowsiness that come from taking pain
killers.
In order to be effective against chronic pain, current DBS devices are
being placed in the periaqueductal gray (PAG) and periventricular gray
(PVG) regions of the brain. These continuous areas of gray matter that
surround the midbrain are responsible for coordinating responses to pain.

DBS Effectiveness (https://journals.plos.org/plosone/article/figure?id=10.1371/journal.pone.0159340.g005)

Procedure

Theoretical Applications

The development of this project can be separated into two
phases. In phase one of the project, research was conducted
to obtain knowledge in order to better understand the
potential outcomes of research expanding the uses of DBS.
Examples includes gathering data from past experiments
and labs, as well as basic information to formulate a
hypothesis. In phase two of the project, possible
enhancements to DBS were considered. Most notably,
changing the locations for where the electrodes are placed
could be critical to broadening the uses for this DBS. This
phase was mainly done through the lobster pot model to
brainstorm possible enhancement choices through
deductive reasoning.

As aforementioned, changing the locations for where the
electrodes are placed could be critical to broadening the
uses for DBS. During phase two of the procedure,
theoretical locations for experimenting with new potential
uses of DBS were explored. For instance, placing these
electrodes in the parietal lobe of the brain may also
provide pain management by blocking pain in particular
locations without affecting other parts of the body. In this
way, patients would be able to receive pain relief and still
maintain motor function in other areas where there is no
pain, rather than dealing with the side effects of prescribed
painkillers such as opioids.

Risks
The associated risks with DBS are generally mild and reversible.
These risks include infection, device malfunction, headache,
declining mental status, and brain hemorrhage (1% risk). Other
scientists also suggest that DBS may inhibit action potential by
inducing prolonged depolarization, reduce neural activity by
releasing inhibitory neurotransmitters like GABA, and impede
brain functioning by disrupting abnormal rhythmic neural firing.

In addition to researching the effects of using DBS in the
parietal lobe to manage chronic pain, the project evolved
into the potential of using DBS to explore other medical
conditions and phenomena such as phantom limb
syndrome. Similar to suppressing sensations of pain, it was
theorized that DBS could potentially be used to control the
pins and needles felt by amputees in their non-existential
limb. Additionally, since DBS is already being applied to
psychological conditions such as depression and
obsessive-compulsive disorders, perhaps the device could
also be applied to speech disorders as well by stimulating
the region of the brain involved in speech such as the
Broca's area.

Further Research

https://www.bioworld.com/articles/505022-medtronic-secures-ce-mark-fordirectional-lead-system-for-deep-brain-stimulation?v=preview

Network Modulation by DBS in three major targets: thalamus, subthalamic nucleus, and
nucleus accumbens (https://journals.physiology.org/doi/full/10.1152/jn.00275.2015)

Due to limitations in resources, the project could not be
properly supported with empirical evidence and all theories
constructed are solely hypothetical. However, given a
proper laboratory and resources, further research would be
conducted on the impact of inserting DBS devices in
stimulating different areas of the brain, such as for
management of painful sensations in the parietal lobe, first
on animals subjects and finally in medical trials.
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