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Introduction

Neuromodulation techniques have emerged as
promising interventions for individuals suffering
from treatment-resistant depression (TRD), a
debilitating condition characterized by the failure to
respond to at least two adequate trials of
antidepressant medications. Traditional
pharmacological treatments often fail to alleviate
symptoms in a significant subset of patients, leaving
them vulnerable to chronic disability and increased
risk of suicide. Neuromodulation refers to a range of
methods designed to alter neural activity through
targeted delivery of electrical or magnetic stimuli to
specific regions of the brain. These techniques aim to
restore functional connectivity and neurochemical
balance in circuits implicated in mood regulation.
Unlike systemic medications, neuromodulation offers
the advantage of precise, localized intervention,
reducing systemic side effects and offering new hope
for individuals who have exhausted conventional
treatment options [1].

Among the most widely studied neuromodulation
techniques is transcranial magnetic stimulation
(TMS), which involves the application of repetitive
magnetic pulses to the dorsolateral prefrontal cortex
(DLPFC)—a region implicated in emotional
regulation and executive functioning. TMS is non-

invasive, well-tolerated, and has been approved by
regulatory agencies for use in TRD. The mechanism
by which TMS exerts its antidepressant effects is
thought to involve increased cortical excitability,
modulation of synaptic plasticity, and normalization
of dysfunctional neural networks. Clinical trials have
demonstrated that TMS can produce significant
improvements in depressive symptoms, particularly
when administered over several weeks. Functional
imaging studies support these findings by revealing
increased connectivity within the default mode
network and improved activity in the prefrontal-
limbic circuits following TMS therapy [2].

Another  neuromodulation  technique  gaining
prominence is vagus nerve stimulation (VNS), which
involves implanting a device that delivers electrical
impulses to the vagus nerve, thereby influencing
widespread brain regions via ascending projections to
the brainstem and cortex. VNS has been shown to
enhance levels of neurotransmitters such as
norepinephrine and serotonin, as well as to increase
brain-derived neurotrophic factor (BDNF), a protein
essential for neuronal survival and plasticity.
Although its antidepressant effects are typically
gradual and may take several months to manifest,
VNS has demonstrated long-term benefits in a subset
of TRD patients. Importantly, VNS is associated with
sustained symptom reduction and enhanced quality of
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life, particularly in individuals with chronic, severe
depression who have not responded to
pharmacotherapy or psychotherapy [3].

Deep brain stimulation (DBS) represents a more
invasive  but highly targeted approach to
neuromodulation, involving the surgical implantation
of electrodes into specific brain regions such as the
subcallosal cingulate gyrus or the nucleus
accumbens. These regions are critical nodes in the
brain’s mood and reward circuitry and have been
shown to exhibit abnormal activity in depression. By
delivering continuous electrical stimulation, DBS
aims to modulate aberrant neural firing patterns and
restore functional connectivity. Although DBS
remains investigational for depression, early clinical
studies have reported promising results, with some
patients experiencing dramatic and sustained
symptom relief. However, the invasive nature of the
procedure, the need for precise targeting, and
variability in response highlight the importance of
continued research to refine patient selection and
optimize stimulation parameters [4].

In addition to these established methods, newer
techniques such as transcranial direct current
stimulation (tDCS) and focused ultrasound are being
explored for their therapeutic potential in TRD. tDCS
involves the application of weak electrical currents to
the scalp to modulate cortical excitability and has
shown moderate efficacy in enhancing the effects of
antidepressant medications and psychotherapy.
Focused ultrasound, which allows non-invasive
delivery of acoustic energy to deep brain structures,
is being investigated as a way to influence neuronal
activity without the need for surgical intervention.
These emerging modalities hold the promise of
expanding the toolkit available to clinicians and may
offer more accessible and individualized treatment
options for patients with refractory depression.
Importantly, advancements in neuroimaging and
electrophysiological monitoring are enabling more
precise targeting and real-time assessment of
neuromodulatory effects, paving the way for more
personalized and effective interventions [5].

Conclusion

Neuromodulation techniques represent a paradigm
shift in the treatment of depression, particularly for
individuals who have not benefited from
conventional approaches. By directly targeting neural
circuits implicated in mood regulation, these
interventions offer a novel avenue for symptom relief
and functional recovery. Techniques such as TMS,
VNS, and DBS have demonstrated varying degrees
of efficacy and safety, with ongoing research focused
on optimizing protocols, identifying biomarkers of
response, and reducing procedural risks. The
continued integration of  neurotechnology,
neuroimaging, and individualized treatment planning
is expected to enhance the precision and impact of
neuromodulation therapies. As our understanding of
the  neurobiology of  depression deepens,
neuromodulation stands poised to play a central role
in the future landscape of psychiatric treatment.
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