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Claustral Delusions

T
he claustrum, a thin strip of neurons located

medially to the insula, is as intriguing as it is

understudied. With a particularly dense reciprocal

connectivity with large swaths of cortex (1), and a

plethora of neuromodulatory inputs, the claustrum has

been the object of a number of hypotheses regarding its

functions. These hypotheses include a role for the

claustrum in integration of sensory information to create

a unified conscious experience (2), cortical synchroniza-

tion (3), modulation of cortical functional networks (4),

saliency detection (5, 6), active sensing (7), and segrega-

tion of attention (8, 9). Interestingly, all these hypotheses

revolve around a common theme, that of enabling the

formation of an accurate and cohesive representation of

the world around us.

In their article ‘A new perspective on delusional states �
evidence for claustrum involvement’, Patru and Reser (10)

hypothesize that disruption of claustral function may

contribute to the pathogenesis of psychotic symptoms,

delusions in particular. The authors’ suggestion is intri-

guing and should spark interest in an understudied and

potentially relevant brain region. Importantly, direct

evidence supporting the hypothesis is lacking, and a

more cautious approach would be to broaden the discus-

sion to psychoses rather than only delusions. The authors

review the anatomy and functional connectivity of the

claustrum, as well as hypotheses regarding its function,

and place it in the context of the broad, yet sometimes

confusing, clinical literature regarding claustral lesions in

patients with delusions or psychotic behavior. A major

confound of these studies is the extent of the lesions, which

in most cases extended well beyond the claustrum. They

then provide a number of intriguing hypotheses for how

the claustrum may be responsible for the formation of

delusions. Interestingly, it has recently been proposed that

salvinorin A, a hallucinogenic kappa opioid agonist, may

be acting on the claustrum, causing a disruption of the

conscious binding of information to form an accurate rep-

resentation of the surrounding world (11). This hypothe-

sis is compatible with the proposal of Patru and Reser, and

both are cohesive with the evolving notion of a potential

role for the claustrum in selective allocation of attention,

potentially through prioritizing salience to selected

objects, reducing the salience of non-prioritized objects.

Delusions are profoundly debilitating psychotic symp-

toms. Although conceptual models for these symptoms are

still highly speculative, it is plausible, as suggested by Patru

and Reser, that a common feature is impairment of the

ability to accurately assess the ‘validity’ of the interpreta-

tion of reality. Breakdown of the assessment process may

lead patients to adopt constructs of reality that contain

implausible characterizations. Altered sensory gating and

perception, reported in patients with major psychoses, may

represent components of such breakdown and resonate

with growing evidence on claustral functions. Several

authors have suggested that aberrant salience, involving

complex neural circuits including the striatum, amygdala,

and several cortical regions, may represent a key element

underlying psychoses (12�16). In a classic treatise, Kapur

(17) proposed that psychosis is a state of aberrant salience,

causing delusions to evolve gradually in schizophrenic

patients. Initially, patients develop heightened sensory

receptiveness and increased awareness of the environment,

in which many individual elements, which were previously

ignored, now gain significant salience. This subtly altered

perception of the world leaves the patients overwhelmed

and confused, and therefore delusions are suggested to be a

‘top�down’ cognitive explanation that the individual

imposes on experiences of aberrant salience, in an effort

to make sense of them. This explanation ties together the

proposed role of the claustrum in mediating selective

attention (8) with the notion proposed by Patru and Reser

(and previously by Cascella (18, 19)) that disruption of the

claustrum could lead to the development of delusions in

schizophrenia. With this perspective, disturbance of claus-

tral function, either through direct disruption of the

claustrum, or by a circuit-level effect on inputs to the

claustrum, would disrupt the appropriate segregation of

salience to distinct objects in the world, overwhelming the

individual with inputs. Interestingly, the most significant

inputs to the claustrum arise from the orbitofrontal cortex

and anterior cingulate (1, 4, 20). Potentially, in the context

of the hypothesis raised by Patru and Reser, these

prefrontal inputs could be defining the ‘attentional strategy’

implemented by the claustrum. Thus, disruption of the

prefrontal inputs to the claustrum may lead to acceptance

of non-conventional and implausible constructs emerging

from the integration of sensory inputs. With this perspec-

tive in mind, similar arguments could be made regarding

expected disruptions of the claustrum in other situations of

attention deficits, such as attention deficit disorder (21�
23). Kapur suggests that dopamine is a major component

defining salience (16). As expression of Drd1dopamine

receptors appears to extend within the mouse claustrum

(www.mouse.brain-map.org), it will be interesting to test
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the prediction that dopamine may modulate transmission

within claustral circuits.

A key objective of Patru and Reser is to provide a primer,

enhancing awareness on the part of clinicians and

researchers regarding the possibility that the claustrum

may play a role in the pathophysiology of psychoses. Their

hope, which we support, is that in the design of future

experiments studying psychiatric conditions, particular

attention will be devoted to the claustrum. The connectiv-

ity of the claustrum positions it as a potential hub in the

vast circuitry controlling sensory processing, salience, and

attention. From a systems-level perspective, there appears

to be good cause to incorporate the claustrum in brainwide

functional and connectivity analyses in normal sensory

processing, as well as in disease. Thus, we may expect

to gain crucial information regarding this intriguing brain

region, as well as hopefully identify underlying causes

of debilitating symptoms of major neuropsychiatric

disorders.
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