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The Salience Network: Integrator of Cognitive, Emotional, and Perceptual Priorities

The salience network (SN) represents a critical neural system responsible for detecting,
filtering, and integrating behaviorally relevant stimuli across external and internal
environments. Anchored by the anterior insula (Al) and dorsal anterior cingulate cortex
(dACC), this network operates as a dynamic moderator of attention, emotional processing,
and interoceptive awareness.

By interfacing with large-scale brain systems-including the default mode network (DMN)
and central executive network (CEN), the SN facilitates adaptive responses to salient
events while maintaining cognitive flexibility. Dysregulation within this network underpins
neuropsychiatric disorders such as schizophrenia and depression, while pharmacological
interventions like psychedelics transiently alter its functional architecture to induce
profound perceptual and cognitive shifts.

This report synthesizes the SN’s anatomical foundations, functional mechanisms, clinical
implications, and role in consciousness-altering states.

Anatomical Foundations of the Salience Network
Cortical and Subcortical Nodes

The SN’s core cortical hubs reside in the anterior insula (Al) and dorsal anterior cingulate
cortex (dACC), regions distinguished by unique cytoarchitectonic features and connectivity
profiles.

The Al, particularly its ventral anterior subdivision, integrates visceral, autonomic, and
emotional signals through reciprocal connections with limbic structures such as the
amygdala and hypothalamus. The dACC, encompassing Brodmann areas 24 and 32,
contributes to error detection, conflict monitoring, and effortful cognitive control.
Together, these regions form a bilateral network linked via the uncinate fasciculus, a white
matter tract enabling rapid communication between frontal and insular cortices.
Subcortical extensions of the SN include the ventral striatum, sublenticular extended
amygdala, and dorsomedial thalamus, which modulate reward processing, threat
detection, and sensory relay.

Notably, the Al and dACC contain specialized von Economo neurons (VENs) — spindle-
shaped cells implicated in social cognition and rapid information transfer. These neurons,
found predominantly in humans and great apes, may enhance the SN’s capacity to
prioritize complex social and emotional stimuli.

Structural and Functional Connectivity

Resting-state fMRI and diffusion tensor imaging reveal robust functional coherence
between Al and dACC, even in the absence of explicit tasks.

This intrinsic connectivity enables the SN to maintain vigilance for salient events while
coordinating responses across distributed brain systems. The Al serves as a causal outflow
hub, directing signals to the dACC and downstream regions to initiate behavioral
adjustments. For instance, during pain perception, the Al amplifies nociceptive signals,
while the dACC mobilizes attentional resources to mitigate discomfort.

Functional Roles in Cognition and Behavior
Salience Detection and Prioritization



The SN operates as a biologically tuned filter, evaluating the relevance of stimuli based on
homeostatic needs, emotional valence, and contextual demands. This process involves:
Bottom-up detection: The Al monitors interoceptive (e.g., heartbeat) and exteroceptive
(e.g., visual threats) signals, flagging anomalies for further processing.

Top-down modulation: The dACC recruits the CEN to allocate working memory and
attentional resources toward salient targets.

For example, in a visual search task, the SN suppresses distractions while enhancing
processing of target stimuli, a mechanism dependent on AlI-dACC synchronization.

Dynamic Network Switching

A hallmark SN function is its role as a toggle switch between the DMN and CEN

The DMN, active during self-referential thought, deactivates during goal-directed tasks,
whereas the CEN supports problem-solving and executive control. The SN mediates this
transition by:

Suppressing DMN activity when external demands arise (e.g., switching from daydreaming
to solving a math problem).

Engaging the CEN to sustain focus on task-relevant goals.

Disruptions in this switching mechanism, as observed in schizophrenia, lead to
perseveration on internal stimuli (e.g., hallucinations) or impaired task engagement.

Emotional and Social Cognition

The SN’s integration of autonomic and affective signals underpins empathy, moral
reasoning, and social decision-making.

Activation in the Al correlates with emotional awareness, such as recognizing disgust in
others, while dACC activity tracks conflict resolution in moral dilemmas. In
neurodegenerative diseases like frontotemporal dementia, SN degeneration precipitates
apathy and loss of social nuance, highlighting its role in sustaining prosocial behavior.

Clinical Implications of Salience Network Dysregulation
Schizophrenia and Aberrant Salience Attribution

The triple-network model posits that SN dysfunction in schizophrenia disrupts
interactions with the DMN and CEN, fostering misattribution of salience to irrelevant
stimuli

Key mechanisms include:

Hyperactive SN-DMN coupling: Excessive connectivity between the SN and DMN
amplifies self-referential thoughts, manifesting as delusions of reference or paranoia
Striatal dopamine dysregulation: Aberrant dopaminergic signaling in the ventral striatum
heightens perceptual salience of neutral events, contributing to hallucinatory experiences
Neuroimaging studies corroborate these findings, showing reduced VEN density in the Al
and dACC of schizophrenia patients, which correlates with negative symptoms (e.g.,
blunted affect) and impaired social functioning.

Depression and Emotional Biases

In major depressive disorder, SN hyperactivity biases attention toward negative stimuli
while dampening reward processing.

The dACC exhibits heightened activation to sad faces, perpetuating rumination, whereas
attenuated connectivity with the ventral striatum undermines motivation. Antidepressants



like SSRIs partially normalize these patterns by modulating serotonergic input to the SN.

Psychedelics and Salience Network Plasticity

Acute Pharmacological Effects

Classic psychedelics (e.g., psilocybin, ayahuasca) acutely reduce SN integrity and
segregation, enabling novel cross-network communication.

Psilocybin administration decreases functional connectivity within the SN and DMN while
increasing integration between the SN and sensory cortices. This desegregation correlates
with subjective reports of ego dissolution and mystical experiences.

Subacute Therapeutic Outcomes

Post-acute phases (24—48 hours post-ingestion) exhibit elevated SN-DMN connectivity, a
putative marker of increased cognitive flexibility

In a randomized trial, ayahuasca enhanced SN-DMN coupling, which predicted
improvements in emotional regulation and self-awareness among depressed participants.
These changes may reflect serotonin 2A receptor-mediated neuroplasticity, fostering
adaptive reweighting of salience priorities.

How is the salience network detected using fMRI

The salience network (SN) is detected using fMRI through several methodological
approaches that analyze functional connectivity patterns between its core nodes-the
anterior insula (Al) and dorsal anterior cingulate cortex (dACC). Below are the primary
techniques and their applications:

1.

ICA decomposes resting-state fMRI data into spatially independent components, isolating
the SN as a coherent network characterized by synchronized BOLD signals between the Al
and dACC:

Researchers select the Al or dACC as a "seed" region and compute temporal correlations
with other brain areas. High correlations between these regions confirm SN integrity

2.

The SN is identified during tasks requiring salience detection (e.g., emotional stimuli,
cognitive conflict). Both Al and dACC show increased activation during such tasks, often
coupled with suppression of the default mode network (DMN).

3.

fMRI data are divided into short temporal windows (e.g., 44.8 seconds) to track time-
varying connectivity. k-means clustering then identifies distinct SN connectivity states
(e.g., sensorimotor vs. frontoparietal coupling)

Measures like network modularity and global efficiency quantify how the SN dynamically
interacts with other networks (e.g., central executive network)

4.

Predefined anatomical regions of interest (ROIs) for the SN, CEN, and DMN are analyzed
for pairwise correlations. Tools like the CONN toolbox compute Fisher-transformed
correlation coefficients to assess SN-DMN and SN-CEN interactions.

5.

White matter tracts (e.g., uncinate fasciculus) linking the Al and dACC are visualized,
corroborating functional connectivity findings:

Tests directional influences between SN nodes, revealing the Al as a causal outflow hub to
the dACC

In summary, fMRI detects the salience network by capturing intrinsic or task-driven Al-
dACC synchrony, often integrated with structural and dynamic connectivity metrics to



reveal its role in cognition and pathology.
Conclusion

The salience network epitomizes the brain’s capacity to navigate competing internal and
external demands through hierarchical integration of sensory, emotional, and cognitive
signals. Its anatomical specialization — marked by VENs and dense subcortical linkages —
enables rapid detection of biologically salient events, from social cues to existential threats.
Dysregulation within this network manifests in neuropsychiatric disorders characterized
by maladaptive salience attribution, while pharmacological interventions like psychedelics
transiently disrupt its modularity to promote psychological healing. Future research must
clarify how SN dynamics evolve across developmental stages and cultural contexts, offering
novel pathways for treating disorders of consciousness and cognition.

What brain regions and nodes are associated
with the salience network

What brain regions and nodes are associated with the salience network

The salience network (SN), also known as the midcingulo-insular network, is anchored by
two primary cortical hubs: the anterior insula (Al) and dorsal anterior cingulate
cortex (dACC)

. These regions integrate sensory, emotional, and cognitive information to detect and
prioritize salient stimuli. The network’s structural and functional connectivity extends to
subcortical and cortical regions, enabling its role in attention, autonomic regulation, and
switching between brain networks

: Detects salient stimuli through multisensory inputs and modulates autonomic reactivity
» Guides behavioral responses and coordinates motor/autonomic output
: Processes emotional salience.

« and ventral striatum: Mediate motivational and homeostatic signals.

* substantia nigra/ventral tegmental area (SN/VTA), and sublenticular
extended amygdala: Facilitate reward processing and arousal

and right temporoparietal junction: Support spatial attention.
* : Involved in cognitive control
» .. Integrates interoceptive signals with the Al to modulate physiological responses

* The Al and dACC are linked via the uncinate fasciculus, a white matter tract.

» Cortico-striatal-thalamic loops connect subcortical nodes to cortical hubs, enabling
rapid salience processing.

The SN acts as a "switch"” between the default mode network (self-referential
processing) and the central executive network (goal-directed attention)

. This is mediated by Granger causality interactions, where the Al initiates top-down
control signals to reallocate attentional resources.

« Specialized von Economo neurons in the AI/dACC enable rapid signaling for
salience detection.

» Dysregulation of the SN is implicated in schizophrenia, depression, and autism,
often due to altered connectivity between its nodes.



In summary, the SN’s architecture combines cortical precision with subcortical breadth,
allowing it to prioritize biologically and cognitively relevant stimuli across diverse contexts.

Locus coeruleus salience network

The locus coeruleus (LC) and salience network (SN) interact critically to regulate attention
and prioritize biologically relevant stimuli. The LC, a brainstem nucleus producing
norepinephrine, modulates arousal and cognitive focus, while the SN (anchored by the
anterior insula and dorsal anterior cingulate cortex) detects salient events and initiates
network switching. Their functional connectivity underpins adaptive behavior, with
disruptions linked to attentional deficits, particularly in aging.

The LC exhibits strong resting-state functional connectivity with SN hubs, including the
anterior insula (Al) and dorsal anterior cingulate cortex (dACC).

This coupling enables the SN to prioritize stimuli requiring immediate attention.

Norepinephrine from the LC enhances SN-mediated filtering of irrelevant sensory inputs,
facilitating efficient network switching between the default mode and frontoparietal
networks

Older adults show reduced LC-SN connectivity, correlating with increased distractibility.
This decline impairs the SN’s ability to suppress the default-mode network (DMN) during
attention-demanding tasks, leading to inefficient resource allocation.

Compensatory hyperconnectivity between the SN and frontoparietal network (FPN) in
older adults suggests a failure to disengage task-positive networks even at rest.

Weaker LC-SN connectivity predicts poorer sustained attention and slower reaction
times.

For example, LC dysfunction disrupts SN-guided suppression of the DMN during goal-
directed tasks, exacerbating attentional lapses.

The LC’s broad noradrenergic projections to the SN enable rapid arousal responses to
salient events.

LC activation strengthens SN connectivity via a2-adrenergic receptors, enhancing signal-
to-noise ratios in sensory processing.

LC-SN dysregulation is implicated in neuropsychiatric disorders (e.g., Parkinson’s
disease, ADHD).

In Parkinson’s, LC degeneration precedes SN connectivity loss, exacerbating cognitive
decline

In summary, the LC-SN axis integrates neuromodulatory arousal signals with salience
detection, ensuring adaptive attention. Age-related declines in this system highlight its role
in mitigating distractibility and maintaining cognitive flexibility

Locus coeruleus raphe nuclei

The locus coeruleus (LC) and raphe nuclei are interconnected brainstem structures that
regulate arousal, stress responses, and sensory processing through norepinephrine (LC)
and serotonin (raphe) signaling. Their interaction modulates pain perception, attention,
and emotional states.

Located in the dorsolateral pons, it synthesizes norepinephrine and projects widely to
the cortex, thalamus, and spinal cord, Integrates stress signals and mediates arousal via



the reticular activating system.

The dorsal raphe nucleus (DRN) sends serotonergic projections to the LC,
influencing its activity.

LC neurons receive excitatory inputs from the hypothalamus and inhibitory signals from
the DRN.

Noxious stimuli activate LC neurons, but DRN stimulation suppresses this response via
serotonin.

This inhibition is blocked by serotonin synthesis inhibitors (e.g., PCPA) or serotonin
antagonists (e.g., methysergide).

LC-DRN crosstalk balances noradrenergic arousal and serotonergic calming effects.

For example, LC hyperactivity during stress is tempered by DRN-mediated serotonin
release, preventing excessive sympathetic activation.

Dysregulated LC-DRN communication is linked to mood disorders. Drugs like SNRIs
(e.g., fluoxetine) target both systems.

Combining fluoxetine with olanzapine enhances LC firing, improving norepinephrine
release in bipolar depression.

LC degeneration precedes cognitive decline in Alzheimer’s and Parkinson’s diseases,
exacerbating serotonin-norepinephrine imbalance can track LC integrity, offering early
diagnostic potential.

LC hyperactivity during withdrawal is mitigated by clonidine (an a2-adrenergic agonist),
which dampens noradrenergic signaling

The LC-DRN axis optimizes survival by prioritizing salient stimuli (via LC) while
maintaining emotional equilibrium (via raphe)

Their synergy enables adaptive shifts between focused attention (LC-driven) and relaxed
states (raphe-mediated)

In summary, the LC and raphe nuclei form a dual-monamine system critical for balancing
alertness and emotional stability. Their dysfunction underpins numerous neuropsychiatric
conditions, highlighting therapeutic targets for modulating norepinephrine-serotonin
crosstalk.



