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1 Introduction

Major Depressive Disorder (MDD) is a debilitating,
highly prevalent neuropsychiatric disorder and widely
recognized as one of the leading causes of disability
globally (Bains and Abdijadid, 2023). Techniques, such
as transcranial magnetic stimulation (TMS) and deep
brain stimulation (DBS), have been shown to be effec-
tive strategies for treating MDD by modulating dysregu-
lated communication within neural networks. Yet, the
network-level mechanisms underlying their effects re-
main poorly understood.

A connectomic framework provides an opportunity to
examine the network architecture engaged by neuromod-
ulation targets. Understanding whether different stim-
ulation sites influence common or distinct neural net-
works may help explain their therapeutic mechanisms
and inform future target selection. This study aimed to
map the functional connectivity profiles of commonly
used TMS and DBS targets and identify the large-scale
brain networks they engage.

2 Methods

Montreal Neurological Institute coordinates of stimula-
tion sites were extracted from published neuromodula-
tion studies included in a systematic review conducted
as part of this study, comprising cortical targets (left
and right dorsolateral prefrontal cortex and left middle
frontal gyrus) and subcortical targets (nucleus accum-
bens and ventral capsule/ventral striatum).

To examine how each target is functionally connected
to the rest of the brain, seed-based functional connectiv-
ity analyses were performed using a normative resting-
state connectome from the Brain Genomics Superstruct
Project (n = 1,570). Targets were mapped to the Brain-
netome Atlas, and connectivity profiles were summa-
rized across canonical networks defined by the Yeo 7-
network framework, allowing comparison of how stimu-
lation targets engage large-scale functional systems im-
plicated in cognition, emotion, and sensory processing.

3 Results

Comparison of whole-brain connectivity profiles re-
vealed substantial similarity among several neuromod-
ulation targets. The left and right DLPFC exhibited ex-

tremely high similarity in their connectivity profiles (r =
0.947). The two DBS targets namely, nucleus accum-
bens and ventral capsule/ventral striatum, also demon-
strated strong network similarity (r = 0.733). Mean-
while, the left middle frontal gyrus (MFB) showed
weaker relationships with other targets. It demonstrated
moderate negative similarity with both DLPFC targets
(r -0.33) and with NAcc (r = -0.239), but a weak posi-
tive relationship with VC/VS (r = 0.129). These findings
suggest that not all clinically relevant stimulation targets
engage the same network architecture.

Network-level analyses revealed that DLPFC targets
were primarily connected to cognitive control networks,
whereas subcortical targets showed broader connectivity
across multiple networks. These findings suggest that
different neuromodulation targets may influence depres-
sion through overalapping but distinct neural pathways.

4 Discussion

Neuromodulation targets in depression are better defined
by functional connectivity than by anatomy alone. The
high interhemispheric similarity observed between left
and right DLPFC targets suggests that bilateral stimula-
tion does not act on independent or isolated cortical loci
but rather modulates a shared distributed neural network
organization. Such convergence aligns with large-scale
network models of depression, which conceptualize ma-
jor depressive disorder not as a focal lesion but as a dis-
order of distributed circuit dysfunction involving fron-
toparietal control systems, limbic structures, and midline
default mode regions (Mayberg, 1997).

Characterizing the network fingerprints of commonly
used TMS and DBS targets provides insight into how
neuromodulation may exert therapeutic effects and could
support more precise target selection and personalized
interventions for depression.
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