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Introduction

Depression, particularly Treatment-Resistant Depression (TRD), remains
a significant global health challenge. Affecting millions of individuals
worldwide, depression is a complex and multifactorial disorder marked by
pervasive feelings of sadness, hopelessness, and a lack of interest in daily
activities. It can also lead to profound cognitive dysfunction, such as
difficulties in concentration and memory, as well as somatic symptoms like
sleep disturbances and fatigue. Although numerous treatment options are
available, including various antidepressant medications and
psychotherapies, a substantial portion of individuals with depression do not
respond adequately to these interventions. When traditional therapies fail,
patients often face prolonged suffering and deteriorating quality of life.
Treatment-resistant depression is thus one of the most significant
challenges in the mental health field, prompting the search for novel
therapeutic approaches. Among the emerging treatments, transcranial
direct current stimulation (tDCS) has gained attention for its non-invasive
nature and potential to offer relief to patients who do not respond to
conventional treatments [1].

Description

tDCS is a form of neuromodulation that uses a low-intensity electrical current
applied to specific areas of the scalp to modulate neuronal activity. By altering
the excitability of cortical neurons, tDCS has the potential to enhance or inhibit
neural activity in targeted brain regions. For depression, the dorsolateral
prefrontal cortex (DLPFC) is often the primary target. The DLPFC plays a
critical role in emotional regulation, cognitive control, and executive functions,
all of which are impaired in individuals with depression. Research has shown
that individuals with depression often exhibit reduced activity in the left DLPFC,
and this hypofrontality is thought to contribute to the emotional and cognitive
deficits seen in the disorder. Anodal stimulation, typically applied over the left
DLPFC, is believed to enhance cortical excitability in this area, potentially
alleviating depressive symptoms by improving the functioning of the prefrontal
cortex and restoring its regulatory influence over mood-related brain regions
such as the amygdala and ventral striatum [2].

Over the past decade, several studies have examined the efficacy of tDCS
for Major Depressive Disorder (MDD), with a particular focus on its potential in
patients with treatment-resistant depression [3]. The results have been
promising, with numerous trials showing that tDCS can significantly reduce
depressive symptoms, improve mood, and even enhance cognitive functioning
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in individuals who have not responded to conventional treatments. Moreover,
tDCS is a relatively safe and well-tolerated intervention, with the most common
side effects being mild and transient, such as scalp irritation or headaches.
Compared to other neuromodulation techniques, such as Electroconvulsive
Therapy (ECT) or repetitive transcranial magnetic stimulation (rTMS), tDCS is
less invasive, more affordable, and easier to administer, making it an attractive
option for many patients [4].

Despite these encouraging findings, several important questions remain
regarding the overall effectiveness and optimization of tDCS for depression
treatment. One of the primary challenges is the variability in treatment
response. While some patients experience substantial benefits, others show
minimal or no improvement, which suggests that factors such as individual
differences in brain structure, connectivity, and neurochemical systems may
influence outcomes. As a result, there is a growing need for personalized
treatment protocols, as well as for biomarkers that can predict which patients
are most likely to benefit from tDCS. Additionally, the optimal parameters for
tDCS, including electrode placement, current intensity, and duration of
treatment, remain subjects of ongoing investigation. Research efforts are
focused on refining these parameters to ensure that tDCS is delivered in the
most effective and consistent way [5].

Conclusion

In conclusion, transcranial Direct Current Stimulation (tDCS) represents a
promising non-invasive treatment option for individuals with treatment-
resistant depression. With its ability to modulate brain activity and induce
neuroplastic changes, tDCS has the potential to provide significant relief for
patients who have not responded to conventional therapies. The growing
body of evidence supports its efficacy and safety, particularly when applied
to the left dorsolateral prefrontal cortex, and the technique's non-invasive
nature, affordability, and ease of use make it an attractive option for many
patients. However, further research is needed to optimize treatment
protocols, understand the underlying mechanisms of tDCS, and identify
biomarkers that predict treatment response. By addressing these questions,
tDCS could become an integral part of a more personalized, effective
approach to treating depression, offering hope to individuals with treatment-
resistant depression who have few other options.
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