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Deep brain stimulation improves cognitive
control in depressed patients

Maxwell Neideigh

New research suggests that increasing “theta” rhythms, frequencies in the brain easily observed
in EEG recordings, provides neurosurgeons and psychiatrists with the consistent, and reliable
feedback needed to calibrate the placement and intensity of Deep Brain Stimulation. Deep brain
stimulation is a method used by neurosurgeons to treat a myriad of neurodegenerative diseases,
that involves the placement of stimulating electrodes to specific brain regions. The greatest
success thus far in the field has been in treating Parkinson’s disease, where patients under the
influence of DBS experience an overall reduction in the amount of tremors they would normally
have as a result of the disease. Present day research has extended the reach of DBS not only as
a treatment for tremors, but as a therapy to treat psychiatric disorders like major depressive
disorder (MDD) and obsessive compulsive disorder (OCD).

Assistant professor of psychiatry at the University of Minnesota Medical School Alike Widge
explains that, one way to alleviate symptoms associated with depression is to induce
synchronized Theta brain wave activity in a brain region called the ventral striatuma. In rats, theta
wave rhythmicity can be observed in the hippocampus, but can also be seen in a number of other
cortical and subcortical brain structures. Ventral Striatum theta waves carry a frequency with a
range of 6-10 Hz, and are predominantly seen when a rat is engaged in locomotion like walking
back and forth in its cage, when a new smell enters its nose, and when the rat is in its deepest
phase of the sleep cycle called REM sleep2.

Widge explains that both MDD and OCD patients are characterized as having a lack of cognitive
control which is needed to interfere with negative thinking patterns and obsessive impulsess.
When it comes to MDD and OCD, evidence for patient improvement is much more subtle than in
the case with Parkinson’s disease, where neurosurgeons can see a reduction in tremors almost
immediately following calibration of the electrodes and stimulatora. One hypothesis for how DBS
can help depressive symptoms presented by Alik Widge, the lead and corresponding author on
the paper, “Deep brain stimulation of the internal capsule enhances human cognitive control and
prefrontal cortex function,” published on April 4th, involves reinforcing theta rhythms in the
prefrontal cortex. DBS has been shown to have an impact on what Widge’s team of researchers
would call “cognitive control,” an ability primarily attributed to the prefrontal cortex, and an ability
most MDD and OCD patients struggle with.

In the April 4th paper published in Nature Communications researchers used 14 patients who
have had previous DBS treatment for their depression. Each participant was faced with a
background image displaying emotionally evocative content, and then were told to complete a
conflict task involving a series of numbers. Participants brain waves were recorded during the
conflict tasks once with DBS turned on and once with DBS turned off (Figure 1c).
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When Theta rhythms in the cortex increased as a result of DBS, depressed patients chose the
correct answer to the conflict task faster and more accurately than when the DBS was absent.

Exploring further into the field of DBS neurosurgeons may discover more effective sites for
stimulation to treat the symptoms associated with depression like habitual negative thinking by
reinforcing theta brain wave activity and improving cognitive control. Obsessive compulsive
disorder is another psychiatric disorder that is characterized by a person having uncontrollable,
reoccurring thoughts or obsessions, that can be interfered with through DBS. Furthermore, DBS
may provide patients who are chronically stuck in compulsive or negative thinking patterns an
alternative to traditional antidepressant medication like serotonin specific reuptake inhibitors
(SSRI's), which are only slightly effective at treating these symptoms in the long terms.

Cognitive control tasks that use DBS typically involve participants viewing an emotionally arousing
image while trying to pick numerical values in a sequence of three that doesn’t fit (Fig. 1a). The
images purpose is to place an emotional “distractor” on to the patient, simulating a real world
situation that requires cognitive control to overcome. Participants performed the cognitive control
task under the influence of DBS and without it. Emotionally arousing images present distractors
to the participants, inhibiting their ability to react quickly and accurately to the series of numbers.
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Figure 1. Experiment Design and Behavior. a,b.) Visual demonstration on participants perspective during multi-
source interference task. Emotionally arousing images are displayed in conjunction with a series of three numerical
values, one of which different from the rest. Distractors like the shark are known to increase cognitive load on
participants. c.) Participants performed the interference task under the influence of deep brain stimulation, then
again following one hour without the stimulation. d.) Brain region being stimulated during MSIT.

Deep brain stimulation improves performance on cognitive control tasks and increases theta
oscillations in the medial, and lateral prefrontal cortex. With DBS on, subjects in-fact made their
choice quicker demonstrating their ability to overcome the interference of the emotional picture,
without sacrificing accuracy.

Previous studies indicate deep brain stimulation (DBS) has proven to be an effective therapeutic
option for alleviating tremors associated with Parkinson’s Disease and now more recently,
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restoring cognitive control. The current study demonstrates that DBS to an FDA approved target
for psychiatric disabilities, is shown to impact a particular symptom, that lies at the root of multiple
psychiatric illnesses.

These findings suggest that DBS may provide patients who are chronically stuck in compulsive
or negative thinking patterns an alternative to prescription medication to treat their symptoms.
DBS therapies that focus on activating theta brain waves can reinforce particular suppressed
neural networks that may be implicated in a range of diseases related to mental health.
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