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Abstract

This literature review provides research that looks at the treatment of depressive symptoms with
transcranial magnetic stimulation. Depression affects many people directly by presenting
symptoms that can become debilitating. Between 30% and 50% of people with depression
encounter resistances to treatment, meaning their symptoms do not show improvement (Shanok
et al., 2023). Transcranial magnetic stimulation (TMS) is an alternative treatment for depression
that shows resistance to traditional medications and therapies. TMS utilizes magnetic fields to
affect functions in the brain that can change the way people feel. Some researchers suggest that it
could also be more widely used, even if patients are not showing signs of treatment resistance.
Advancements in this field are possible, and TMS shows signs of further improving upon itself.

Keywords: depression, transcranial magnetic stimulation, major depressive disorder,

treatment resistant depression
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Transcranial Magnetic Stimulation Treatment for Depression

Depression is one of the leading reasons for disability among adults all over the world
and can lead to a number of debilitating symptoms that can sometimes result in a person’s death
by suicide. According to the American Psychological Association (n.d.), depression is “extreme
sadness or despair that lasts more than days [at least two weeks]. It interferes with the activities
of daily life and can cause physical symptoms such as pain, weight loss or gain, sleeping pattern
disruptions, or lack of energy.” Depression affects people of all age groups and backgrounds and
can be difficult to manage, causing difficulties in many aspects of life, including social, familial,
professional, and academic responsibilities. In addition to this, traditional medications used to
treat depression do not work for everyone. These medications also carry a risk profile associated
with a multitude of side effects with the most common being nausea, sexual dysfunction, sleep
disruption, and even new or worsening depressive symptoms. These symptoms can become
difficult to manage, causing further distress and sometimes negating or hindering treatment.
Additionally, the side effects of traditional antidepressants are more severe than those of
Transcranial Magnetic Stimulation (TMS) and often make it difficult for patients to want to
continue their treatment. There is also the possibility of experiencing withdrawal symptoms if a
person discontinues their long-term use of traditional antidepressants. There have been a plethora
of studies on the treatment of depression and depressive symptoms. Transcranial Magnetic
Stimulation is described by the Mayo Clinic (n.d.) as “a procedure that uses magnetic fields to
stimulate nerve cells in the brain to improve symptoms of major depression.” Many studies look
at the treatment of participants through TMS who have treatment resistant depression. This
includes those who do not show improvement after being prescribed medication for their

symptoms.
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Many researchers argue that Transcranial Magnetic Stimulation is an effective treatment
for participants who have treatment resistant depression because of how few side effects and low
medical risks it has compared to traditional medication. Because of this some researchers suggest
it could be used as a first response treatment of major depressive disorder and related symptoms,
even before other treatments are ruled out due to treatment resistance (Sakheim et al., 2020).
Although some risk factors do increase the likelihood of adverse reactions to TMS treatment.
These factors include metal implants in the head or neck area, cochlear implants, a history of
epilepsy or seizures, and substance use disorder (Razafsha et al., 2023). Researchers state that
TMS is cost effective, safe, and available (Bouaziz et al., 2023). This literature review examines
the effectiveness of TMS and how TMS works in the treatment of treatment resistant depression
and related symptoms. Because TMS is most commonly used as a treatment for treatment
resistant depression, the use of TMS as a first line treatment of depression will not be examined.
Additionally, studies on treatments for depression that did not relate to TMS were not examined.

Methods

The research for this literature review was implemented through the tools provided by the
University of California Merced library via the Psycinfo database through proquest. Key search
terms used for the database search included TMS and Depression. Articles selected for this
review were published between 2018 and 2023 with a focus on articles that examined the use of
TMS as a treatment for major depressive disorder and depressive symptoms. There are a total of
12 sources included in this study.

Literature Review
How Does Transcranial Magnetic Stimulation Treat Depression?

TMS is a procedure that stimulates targeted parts of the brain with magnetic fields in
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order to stimulate brain cells that are involved in the biological factors of depression such as
mood regulation (Shanok et al., 2023). In other words, practitioners aim to activate parts of the
brain associated with positive emotions and weaken parts of the brain associated with negative
emotions that are correlated with depression. When used on a regular basis TMS is capable of
making neurons stronger or weaker in order to create a state of plasticity that can have lasting
effects on depression (Gogulski et al., 2023). This describes a possibility of the brain changing
its physical aspects to better facilitate emotions that are associated with a decrease in depressive
symptoms.

One portion of the brain associated with Major Depressive Disorder (MDD) is the
dorsolateral prefrontal cortex. The dorsolateral prefrontal cortex is thought to have a major role
in complex thought and emotion. Researchers have found that stimulating this area with TMS
could allow for a more specific treatment of MDD (Razafsha et al., 2023). Stimulation of the
dorsolateral prefrontal cortex could aid in facilitating stronger emotional regulation, leading to a
decrease in extreme emotions, such as sadness, that are associated with depression. Another
structure in the brain that has been associated with depressive symptoms is the subgenual
anterior geniculate cortex (sgACC) (Raij et al., 2023). The sgACC is associated with the
modulation of emotions including sadness that can become difficult to manage and lead to
symptoms of depression.

There are many ways to create a more personalized treatment plan with TMS, including
what part of the brain is being targeted, how many times a day it is being targeted, and the
intensity of the magnetic stimulation (Gogulski et al., 2023). Gogulski et al. suggest the
possibility that the limitations placed on TMS treatment by researchers and clinicians could be

contributing to less than optimal results. These limitations come from existing research that
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shows TMS to be relatively effective in its current state. Because of this, many researchers do
not try to improve upon existing protocols due to the notion that TMS is effective as it is. Raij et
al. (2023) suggest the possibility of targeted treatment of core emotional regions of the brain in
order to more accurately affect networks associated with depression. There are many variations
of TMS that can be tailored to each individual participant using the same equipment. A quick
scan of brain activity with an electroencephalogram (EEG) can help clinicians determine which
parts of the brain in each participant are associated with their specific case of depression (George
et al., 2023). An EEG uses small metal discs, called electrodes, to measure the electrical activity
in the brain. This is often used to create a map of brain activity as neurons, the nerve cells of the
brain, use electricity to communicate with each other. There is also a form of neuroimaging using
a model of the brain that was based on an imaging database that used functional magnetic
resonance imaging (fMRI) that showed some success with predicting targets for TMS treatments
(Raij et al., 2023). Raij et al. suggest the possibility of using this model of the core neuronal
networks associated with depression to form a more general pattern of TMS treatments for
depression. The model showed validity when it was compared to a model of healthy brains and
showed a noticeable difference in activity (Raij et al., 2023). This model also demonstrated the
variability between participants’ brains and the biological factors in the treatment of their
depression (Raij et al., 2023). It is important to consider that each individual brain functions in
similar ways, but not the same. Meaning biological factors of depression can present themselves
differently in each participant.

Another form of TMS treatment involves a deeper stimulation of the prefrontal cortex.
This treatment, deep TMS, consists of a broad stimulation at a greater depth that affects a larger

area of gray matter and has shown strong antidepressant effects (Shanok et al., 2023). It is
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thought that this is accomplished by reducing slow wave activation in the prefrontal cortex while
also facilitating the production of neurotransmitters that help reduce depressive symptoms such
as norepinephrine and serotonin (Shanok et al., 2023). Neurotransmitters are chemical
messengers in the brain that are associated with conveying specific information. They are
thought to influence our behaviors and emotions by signaling what parts of the brain need to be
active and what behaviors are required to facilitate necessary bodily functions. As well as
activating neurotransmitters, deep TMS is thought to effectively reduce depressive symptoms
through stimulation of reward and emotion pathways in the brain (Shanok et al., 2023). iTBS is
another form of TMS that uses intermittent theta burst stimulation to activate parts of the brain
that are usually found to be underactive in participants presenting depressive symptoms (Bulteau
et al., 2022). A study at Stanford University attempted to establish a high dose iTBS treatment
that employed neuroimaging targeting techniques that they called Stanford Neuromodulation
Therapy (SNT). SNT was found to effectively reduce severe depressive symptoms among
participants (Cole et al., 2021). There are many different forms of TMS that function in different
ways, but they are ultimately the same kind of treatment.

TMS is a noninvasive form of neuromodulation, which is a way to alter nerve cell
functioning, specifically in the brain (Schulze et al., 2018). It has very few reported side effects,
with the most common being a headache or scalp irritation that typically resolve within a few
weeks at the latest (Shanok et al., 2023). Researchers call for TMS treatment to be more widely
available to participants who present depressive symptoms as it is an effective, noninvasive
treatment with very few negative consequences (Bouaziz et al., 2023). Additionally, researchers
call for more research to be done on the possibilities of TMS treatment, as there are many

different ways to accomplish this treatment.
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Is Transcranial Magnetic Stimulation An Effective Treatment For Depression?

Research shows that TMS treatment is correlated with a reduction in depressive
symptoms. Razafsha et al. (2023) describe a correlation between a reduction of depressive
symptoms and a number of TMS sessions. The standard TMS procedure lasts for 36 sessions
spread out over the course of six weeks. As participants increase their number of sessions, their
depressive symptoms show more significant improvement on a clinical scale of measurement
(Razafsha et al., 2023). In addition to this, a different study done by Hutton et al. (2023) showed
that participants who had undergone less TMS sessions showed less significant reduction of
depressive symptoms when compared to participants that had more treatment sessions Hutton et
al. (2023) also state that TMS showed no signs of becoming less effective as treatment was
prolonged. Rates of remission, as well as rates of response showed a tendency to increase over
time without reaching a high point (Hutton et al., 2023). This implies the possibility of extended
or indefinite treatment to further improve cases of depression that require more care. In addition
to improving with the number of sessions, it was also found that TMS treatment can be done
effectively in less time if the participant undergoes up to ten sessions in one day (Gogulski et al.,
2023). Additionally, researchers found that participants that underwent TMS treatment twice a
day showed improvement in half as much time as those who underwent treatment once daily,
even when the amount of treatment stayed the same (Schulze et al. 2018). This leads to the
possibility of more rapid improvement of severe cases of depression through an increased dose
and frequency of TMS treatment.

When compared to other treatments for treatment resistant depression, TMS was shown
to be more effective overall. These findings were based on both clinician and participant ratings

(Sackheim et al., 2020). Sackheim et al. (2020) found that the comparisons favored TMS
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strongly and suggested that it could be used as a first line treatment for depression. TMS can also
be effective in treating treatment resistant depression when comorbidities are present (Bouaziz et
al., 2023). This could potentially be a treatment for depression that does not interfere with other
mental illnesses in ways that other treatments, such as medication, may interfere. However,
Razafsha et al. (2023) found a possible limitation in that non-responders to TMS treatment in
their study presented more comorbidities than those that did respond to the treatment. In other
words, there was a correlation between participants who did not respond to TMS treatment and
participants who had multiple mental illnesses. More research should be conducted on the
possibility of TMS treatment in clinical populations presenting comorbidities. The iTBS branch
of TMS treatment has shown effectiveness in treating depression as well as the stabilization of
symptoms once the treatment course was concluded (Bulteau et al., 2022). In addition to iTBS, a
follow up conducted on participants of the SNT trial at Stanford University showed significant
reduction of severe depressive symptoms (Cole et al., 2021).
Conclusion

The literature states that TMS is an effective treatment for depression, especially in cases
that are resistant to traditional medication. Participants of TMS show statistically significant
improvement of depressive symptoms. TMS also carries a lower risk profile with minimal side
effects compared to many traditional antidepressants with the most commonly reported side
effects of TMS being scalp irritation and headaches, though most of these symptoms are shown
to subside within a few weeks (Shanok et al., 2023). In addition to a low risk profile, TMS has
not been shown to interfere with daily life, with research suggesting that TMS becomes more
effective the more it is applied.

Researchers are looking to find ways to make TMS even more effective than it already is.
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The literature suggests that using TMS alongside brain imaging techniques may increase the
effectiveness of this treatment. Many researchers question why TMS is used as a last line
treatment of depression when it has a significant rate of success. More research is required on
TMS being used alongside other treatments of depression. Additionally, there is a lack of
research on the use of TMS for depression that is not treatment resistant. TMS is often not
prescribed unless a participant is presenting a resistance to the traditional course of treatment.
While many researchers agree that TMS effectively reduces symptoms of depression,
more research is required on if it can be more effective. TMS can be used in many different
ways, however most clinicians only use the basic, surface level functions of the machines
(Gogulski et al., 2023). Future research should be undertaken to examine the possibilities of
TMS treatment including pairing it with imaging technology, trying different functions of the
TMS machines, and higher frequency of treatment sessions. These parameters may lead to future

breakthroughs in the field of depression treatment.



TMS TREATMENT FOR DEPRESSION 11
References

Bouaziz, N., Laidi, C., Bulteau, S., Berjamin, C., Thomas, F., Moulier, V., Benadhira, R.,
Szekely, D., Poulet, E., Galvao, F., Guillin, O., Castillo, M.-C., Sauvaget, A., Plaze, M.,
Januel, D., Brunelin, J., & Rotharmel, M. (2023). Real world transcranial magnetic
stimulation for major depression: A multisite, naturalistic, retrospective study. Journal of

Affective Disorders, 326, 26-35. https://doi.org/10.1016/j.jad.2023.01.070

Bulteau, S., Laurin, A., Pere, M., Fayet, G., Thomas-Ollivier, V., Deschamps, T.,
Auffray-Calvier, E., Bukowski, N., Vanelle, J.-M., S¢ébille, V., & Sauvaget, A. (2022).
Intermittent theta burst stimulation (iTBS) versus 10 Hz high-frequency repetitive
transcranial magnetic stimulation (rTMS) to alleviate treatment-resistant unipolar
depression: A randomized controlled trial (THETA-DEP). Brain Stimulation, 15(3),

870—-880. https://doi.ore/10.1016/1.brs.2022.05.011

Cole, E. J., Phillips, A. L., Bentzley, B. S., Stimpson, K. H., Nejad, R., Barmak, F., Veerapal, C.,
Khan, N., Cherian, K., Felber, E., Brown, R., Choi, E., King, S., Pankow, H., Bishop, J.
H., Azeez, A., Coetzee, J., Rapier, R., Odenwald, N., & Carreon, D. (2021). Stanford
Neuromodulation Therapy (SNT): A Double-Blind Randomized Controlled Trial.

American Journal of Psychiatry, 179(2). https://doi.org/10.1176/appi.ajp.2021.20101429

George, M. S., Huffman, S., Doose, J., Sun, X., Dancy, M., Faller, J., Li, X., Han, Y., Goldman,
R. L., Sajda, P, & Brown, T. R. (2023). EEG synchronized left prefrontal transcranial
magnetic stimulation (TMS) for treatment resistant depression is feasible and produces an
entrainment dependent clinical response: A randomized controlled double blind clinical

trial. Brain Stimulation, 16(6), 1753—1763. https://doi.org/10.1016/1.brs.2023.11.010



https://doi.org/10.1016/j.jad.2023.01.070
https://doi.org/10.1016/j.brs.2022.05.011
https://doi.org/10.1176/appi.ajp.2021.20101429
https://doi.org/10.1016/j.brs.2023.11.010

TMS TREATMENT FOR DEPRESSION 12

Gogulski, J., Ross, J. M., Talbot, A., Cline, C. C., Donati, F. L., Munot, S., Kim, N., Gibbs, C.,
Bastin, N., Yang, J., Minasi, C., Sarkar, M., Truong, J., & Keller, C. J. (2022).
Personalized Repetitive Transcranial Magnetic Stimulation for Depression. Biological

Psychiatry: Cognitive Neuroscience and Neuroimaging.

https://doi.org/10.1016/i.bpsc.2022.10.006

Hutton, T., Aaronson, S. T., Carpenter, L. L., Pages, K., Krantz, D. S., Lucas, L., Chen, B., &
Sackeim, H. A. (2023). Dosing transcranial magnetic stimulation in major depressive
disorder: Relations between number of treatment sessions and effectiveness in a large
patient registry. Brain Stimulation, 16(5), 1510-1521.

https://doi.ore/10.1016/1.brs.2023.10.001

Raij, T. T., Komulainen, E., Dogu Baran Aydogan, Siina Pamilo, Erkki Isometsd, & Tommi Raij.
(2023). Depression core network-based individualized targeting for transcranial magnetic
stimulation. Brain Stimulation, 16(2), 619—627. https://doi.org/10.1016/;.brs.2023.03.005

Razafsha, M., Barbour, T., Uribe, S., Behforuzi, H., & Camprodon, J. A. (2023). Extension of
transcranial magnetic stimulation treatment for depression in non-responders: Results of a
naturalistic study. Journal of Psychiatric Research, 158, 314-318.

https://doi.ore/10.1016/i.jpsychires.2022.12.038

Sackeim, H. A., Aaronson, S. T., Carpenter, L. L., Hutton, T. M., Mina, M., Pages, K., Verdoliva,
S., & West, W. S. (2020). Clinical outcomes in a large registry of patients with major
depressive disorder treated with Transcranial Magnetic Stimulation. Journal of Affective

Disorders, 277, 65-74. https://doi.org/10.1016/].jad.2020.08.005

Schulze, L., Feffer, K., Lozano, C., Giacobbe, P., Daskalakis, Z. J., Blumberger, D. M., &

Downar, J. (2018). Number of pulses or number of sessions? An open-label study of


https://doi.org/10.1016/j.bpsc.2022.10.006
https://doi.org/10.1016/j.brs.2023.10.001
https://doi.org/10.1016/j.jpsychires.2022.12.038
https://doi.org/10.1016/j.jad.2020.08.005

TMS TREATMENT FOR DEPRESSION 13

trajectories of improvement for once-vs. twice-daily dorsomedial prefrontal rTMS in
major depression. Brain Stimulation, 11(2), 327-336.

https://doi.org/10.1016/i.brs.2017.11.002

Shanok, N. A., Rodriguez, S., Muzac, S., Pino, C. J., L. David Brown, & Rodriguez, R. (2023).
Deep transcranial magnetic stimulation alters resting-state neurophysiological traits in
major depressive disorder. Journal of Affective Disorders, 337, 104—111.

https://doi.org/10.1016/j.jad.2023.05.066

Zhang, B. B. B., Stohrmann, P., Godbersen, G. M., Unterholzner, J., Kasper, S., Kranz, G. S., &
Lanzenberger, R. (2022). Normal component of TMS-induced electric field is correlated

with depressive symptom relief in treatment-resistant depression. Brain Stimulation,

15(5), 1318-1320. https://doi.org/10.1016/1.brs.2022.09.006



https://doi.org/10.1016/j.brs.2017.11.002
https://doi.org/10.1016/j.jad.2023.05.066
https://doi.org/10.1016/j.brs.2022.09.006

