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Abstract

Introduction: Different types of hallucinations are symptomatic of different conditions. Schizotypal
hallucinations are unique in that they follow existing delusional narrative patterns: they are often bizarre,
they are generally multimodal, and they are particularly vivid (the experience of a newsreader abusing you
personally over the TV is both visual and aural. Patients who feel and hear silicone chips under their skin
suffer from haptic hallucinations as well as aural ones, etc.) Although there are a number of hypotheses for
hallucinations, few cogently grapple the sheer bizarreness of the ones experienced in schizotypal psychosis.

Methods: A review-based hypothesis, traversing theory from the molecular level to phenomenological
expression as a distinct and recognizable symptomatology.

Conclusion: Hallucinations appear to be caused by a two-fold dysfunction in the mesofrontal dopamine
pathway, which is considered here to mediate attention of different types: in the anterior medial frontal
lobe, the receptors (largely D1 type) mediate declarative awareness, whereas the receptors in the striatum
(largely D2 type) mediate latent awareness of known schemata. In healthy perception, most of the
perceptual load is performed by the latter: by the top-down predictive and mimetic engine, with the bottom-
up mechanism being used as a secondary tool to bring conscious deliberation to stimuli that fails to match
up against expectations. In schizophrenia, the predictive mode is over-stimulated, while the bottom-up
feedback mechanism atrophies.

The dysfunctional distribution pattern effectively confines dopamine activity to the striatum, thereby
stimulating the structural components of thought and behaviour: well-learned routines, narrative
structures, lexica, grammar, schemata, archetypes, and other procedural resources. Meanwhile, the loss of
activity in the frontal complex reduces the capacity for declarative awareness and for processing anything
that fails to meet expectations.
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Introduction And Background

Schizophrenia is a debilitating illness that can strike in any social context, anywhere in the world — although
with enormous epidemiological variation [1]. People suffering schizophrenia lose their ability to interact
meaningfully with society. They lose their connection with the senses that inform them about pain, hunger,
comfort, and other essentials. People with schizophrenia often show bizarre disturbances in thought and
speech, and they also lose their abilities to manage day-to-day tasks. Finally, and most famously, the ability
to perceive the outside world is hampered by interference from delusions and hallucinations [2-3]. The
aetiology of schizophrenia is unknown, but an enormous body of evidence points to neurological
dysfunction, particularly of the mesofrontal dopamine pathway and the N-Methyl-D-aspartic acid (NMDA)
receptors. A Medline search brings up 7,623 articles that focus on deregulation of the mesofrontal dopamine
pathway and another 1,708 on the N-Methyl-D-aspartic acid (NMDA) receptors.

Review
Developing the aberrant salience hypothesis

It is difficult to think of perception in terms of neurotransmitters and receptors. For most of us, we simply
perceive what’s there to be seen, tasted, touched, smelled, and felt. Even so, we know that perception is
somehow mediated by our neurochemistry: this much is demonstrated every time psychotropic drugs distort
a person’s perception. Psychotropics change both the way we experience and what we experience —
sometimes to the point where experience loses its foundation as a basis for ‘common agreement’. Generally
speaking, medications that rein in the psychotic spectra of perception have an antipsychotic action,
meaning that in one way or another they limit the supply of dopamine (DA) to the inhibitory D2 class of
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receptors [4].

Perhaps it is because of this relationship that a number of hypotheses over the last few years have linked D2
receptors to attentional salience [4-5]. These hypotheses find relatively cogent evidence that D2 dopamine
receptors compete to draw attention away from one potential subject to another more salient one. The
failure of this process is the basis of the ‘aberrant saliency’ hypothesis for the positive symptoms of
psychosis: as Kapur, et al. put it, "the dopamine system, which under normal conditions is a mediator of
context-driven novelty/salience in the psychotic state, becomes a creator of aberrant novelty and salience...
independently of cue and context...Hallucinations in this framework are thought to...reflect the abnormal
salience of the internal representations of percepts, language and memories" [4]. Put simply, the idea is that
dopamine dysfunction brings awareness to internal representations without appropriate context. In the
aberrant saliency hypothesis, the striatal dopaminergic pathway is used to mediate the structural
components of thought and behaviour: narrative structures, lexica, grammar, schemata, meanings,
archetypes, routine movements, and other procedural resources. When these are unduly stimulated,
attention is drawn to them, triggering hallucinations and well-learned routines, such as the automatic
actions that drive us to work in the morning or lift a cup to our lips [4, 6].

The automatic functions of the striatum contrast the functions of the anterior medial lobes of the frontal
cortex (especially the highly developed anterior cingulate cortex and prefrontal cortex) further along the
same mesofrontal dopamine pathway. The anterior medial frontal lobes do not process automatic and
established routines but choice, insight, creativity, declarative awareness, and decisions about situations for
which there are no ready responses [7-8]. In humans, the anterior medial frontal lobes are not rich in the
inhibitory D2 receptors that are found in the striatum (or in the frontal lobes of many other mammals) - but
in the human frontal cortex, we will find an abundance of excitatory D1 receptors [9].

NMDA dysfunction

Before discussing the role of dopamine receptors in hallucinations, it is important to note that the aberrant
salience hypothesis (while cogent and popular) is disputed by competing theories. The foremost of these is
the glutamate hypothesis: advocates of this theory argue that NMDA dysfunction precedes dopaminergic
dysfunction, and therefore is likely to be a more primary causal factor in schizophrenia and schizotypal
disorders than dopamine [10]. As we shall see, the subcortical confinement hypothesis appears to reconcile
the early involvement of NMDA receptors with the dopamine-based aberrant saliency hypothesis.

Dopamine-moderated perception

To understand hallucinations, we must understand the schizotypal dopamine dysfunction with greater
nuance. Kapur and colleagues state that the structural components of thought (which are mediated by the
dopaminergic activity of the striatum) become aberrantly salient in psychosis. Under normal circumstances,
the structural elements of thought only ever require only a minimal ‘latent’ level of awareness. No more
than the subtle-most intention is required to initiate a routine process [11]. We are generally aware of what
we want to say (for instance), but the words tumble out quite automatically. We are aware of where we want
to drive, and if we know the basics (how to drive and where to go), we do not have to give a great deal of
attention to get there. But exceptions can occur when automatic processes receive too much attention. This
may cause stuttering or ‘performance choking’ [12] - thus, aberrant salience may cause mildly ‘disorganised’
symptoms, but the link between these and the vivid hallucinations experienced by schizophrenic patients
and recounted by Kapur and colleagues is unclear.

It is important to understand that the neurons of the mesofrontal dopamine pathway are not maintained in
fixed relationships but are interconnected in bistable mosaics. These are subject to switch rapidly from one
maintainable state to another [13]. If the D1 receptor in a D1/D2 mosaic fires first, the coupled D2 receptor
will drop its dopamine affinity by a factor of about 10 (to a state known as D2Low), and in the presence of
certain environmental stimulants, it will turn back to the high affinity state (D2High) in a fraction of a
second [14] (Figure 1).
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FIGURE 1: A simplified model of a D1/D2 heteromer of the mesofrontal
pathway

A simplified model of a D1/D2 heteromer of the mesofrontal pathway. Heteromers are bistable - they
modulate two functional outcomes [13]. The D1/D2 heteromer modulates sensitivity to dopamine (that is, the
high affinity state (D2High) to low switch: D2Low) the same action also modulates where dopamine is
synthesized in the neuron - cortically or subcortically. The transformation is rapidly triggered by external
stimulation (either through direct chemical stimulation or indirectly through interneuronal connections) [15]. In
this diagram, a voltage gated N-Methyl-D-aspartic acid (NMDA) afferent is shown. This is stimulated by
perceptual input prior to the engagement of working memory — and therefore prior to declarative awareness
[16]. Here, it is proposed that the D2Low configuration allows greater declarative awareness to be brought to
events by engaging the frontal neocortex. This is useful for figuring things out, considering implications,
developing normative stances on ideas, and other learning tasks. The D2High, on the other hand, inhibits the
same awareness, enabling the conditions for automatic action by engaging subcortical regions, especially
the striatum. The activation of automatic processes follows via other neurotransmission systems (largely
glutamate, gamma-aminobutyric acid, acetylcholine, and serotonin).

The heteromer and attention

The bistability of the mesofrontal dopamine pathway allows for two types of perceptual attention, which
conveniently match those of the perceptual psychology canon: top-down and bottom-up.

Top Down intention is the latent ‘feed-forward” mode of attentional awareness, which is given to matches
between expectations and experience — that is, the attention that is given to memorised details, likes,
dislikes, familiar narrative patterns, and other routines. When I drive, the attention I give to the vehicle’s
controls and other traffic is top-down [17]. It is likely that top-down intention is mediated by tonic firing of
the D2 receptors of the striatum (Figure 2). This is because top-down intention involves more or less
constant engagement with established schemata and the latent level of attention that is given to automatic
processes [18].

The term bottom-up attention is frequently used to refer to the response to any distracting stimuli [17], but
because attentional drift can be captured by familiar interests, in this article, the term bottom-up attention
is defined as the attention given to the aberrant, unexpected and unknown - to mismatches [19]. Instead of
triggering memories and automatic behaviours, bottom-up attention triggers inquiry: ‘what’s this?” As such,
it serves a very important function in perceptual feed-back from the area of the brain that is associated with
conscious attention - the medial anterior frontal lobe where D1 receptors are ubiquitous.

The phasic bursting of the D1 receptors (Figure 2) is ‘critically linked’ to afferent inputs [18], such as
afferents from the glutamatergic cells which, among other tasks appear to moderate the pre-attentive phase
of bottom-up perception [16]. These cells function tonically until errors or perceptual aberrance occur, at
which point glutamate cells have their own feedback mechanism - the phasic voltage-gated NMDA receptors
(Figure I). These receptors require a significant voltage increase to fire, but when they do, they trigger an
event potential. NMDA firing will engage the bottom-up attentional system - a rush of declarative
awareness. But the ‘declarative awareness’ feature of an event potential cannot be a product of NMDA,
because NMDA will fire even occur during coma, vegetative states and other periods of very low arousal [16].
Dopamine activity, on the other hand, is severely reduced during vegetative states. It is also unlikely that
dopamine phasis can occur except during a state of consciousness [20]. Yet when dopamine phasis occurs, it
does so with a significant increase in awareness [5]. It is reasonable to speculate then, that the ‘awareness’
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feature of attention, is likely to be mediated by dopamine.
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FIGURE 2: The proposed features of dopamine reactions

The proposed features of dopamine reactions: D2High is proposed as the primary mediator of tonic
dopamine - the regular a - B frequency dopamine reaction patterns (cell-specific bursts) associated with
specific routine tasks (a) D2Low is proposed as the primary mediator of phasic bursting - irregular,
unexpected stimulus induced and high amplitude bursts (b) [5]. Phasic reactions bring attention from a latent
state (the grey background) to declarative awareness (white background). Tonic depressions (c) are periods
with very low dopamine activity. These follow unmet expectations.

Where the D2High receptors appear to mediate latent attention, the D1Low receptors are well placed to
mediate declarative attention because of the D1 receptors are ubiquitous in the anterior medial frontal lobe,
an area with established links to declarative awareness [21] and with bottom-up attention [22]. Bottom-up
attention needs a lot more stimuli than top-down to ‘cut through.’ The D1 receptors are appropriate for the
task: approximately 10 times more dopamine is needed to fire in a phasic action. But dopamine is in limited
supply at any given moment, and thus, when the D1 receptors fire before the deeper D2 receptors, the
stimuli quite literally takes possession of the mind - at the expense of routine perceptions and tasks [5] and
presynaptic dopamine supply. This can be very specific: a selective D1 agonist (SKF38393) severely
attenuates D2 moderated tasks such as the instinct to return an eye to its natural direction of gaze [9]. For
each D2Low heteromer that is activated, there will be a significant decrease both in D2 availability and of
dopamine itself.

It appears that in schizophrenia, the D1 receptors are depleted - thereby disabling the D2Low functional
state. With this atrophy, the ability to process aberrance and to experience declarative awareness may also
be lost - resulting in many common symptoms, including ipseity disorders (loss of a sense of self) [23-24]
and mismatch negativity failures (loss of awareness of aberrant perceptual cues) [16]. Meanwhile, as Kapur
and colleagues suggest, the D2High state becomes over-excited [4, 25-26], suggesting that routine and
automatic functions may become aberrantly stimulated. Effectively, awareness is increasingly confined to
the subcortical latent state and salience (as in declarative awareness) is decreased.

Confirmation bias

One of the strands of the subcortical confinement hypothesis for schizotypal hallucinations is a
phenomenon known as a confirmation bias and the closely related tendency to jump to conclusions. ‘A
confirmation bias is the seeking or interpreting of evidence in ways that are partial to existing beliefs,
expectations, or a hypothesis in hand’ [27]. In other words, a confirmation bias occurs because a subject
favours the perceptual feedback mechanism that notices positive feedback (what I say/think/do is
right/acceptable/likely, etc.) over the mechanism that notices negative feedback (what I say/think/do is
wrong/awkward/unlikely, etc.). A person with a confirmation bias checking a lottery ticket against published
results would be inclined to notice the positive matches but not that the recognisable digits are in the wrong
order. (Note that in this context, positive and negative are not necessarily related to affective or hedonic
associations — but to perception of support (positive) or invalidation (negative)).

Despite employing the same perceptual apparatus (eyes, nerves, etc.) and neurotransmitter (dopamine)
positive and negative feedback employ different attentional systems. Top-down intention is used to process
positive feedback and trigger mimetic perception, while bottom-up attention is used to process negative
feedback and trigger deeper consideration and questioning.

Top-down intention is fast because it is predictive: it literally ‘jumps to conclusions’ on available evidence
[28-29]. These conclusions are resources that are already stored in memory and do not need to be
reprocessed, except when experience differs from expectations (a bottom-up feedback process) [30].
Bottom-up attention is usually only engaged when something’s amiss, when events are not as predicted and
do not ‘ring true’, and this process is used to resolve discrepancies and to ‘patch’ the epistemological model
of the subject.

Either the overstimulation of the top-down perceptual apparatus or the under-engagement of bottom-up
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attention should be sufficient to cause confirmation biases, but the combination will make the problem
worse and may easily lead to delusional ideas. In fact, the ‘jumping to conclusions’ trait is common to the
point of being ubiquitous [27], suggesting that it is part of a normal process. But because this trait is
significantly more common among paranoid schizophrenic patients than healthy controls (OR 1.54, p=0.004)
[31], it seems that this mechanism is over-regulated in schizophrenia. If the scantest shred of evidence is
taken as sufficient to make a judgment, bizarre ideas will be supported by ‘evidence’, and these can pretty
quickly become delusional beliefs. Unsurprisingly, delusions are the single most common (but not
compulsory) symptom in schizophrenia [32].

The frontal dopamine neurons in schizophrenia patients are found to be thin or atrophied, but whether this
is causal or a corollary effect is unknown [9, 21, 33]. These neurons are active only when the dopamine
heteromers are in the D2Low state, and processing bottom-up attention or otherwise providing high-order
attention to cognitive or perceptual task. Meanwhile, in the same pathways, mesofrontal dopamine is
moderately upregulated subcortically — most notably in the striatum. This imbalance potentially explains
some challenging mixed findings of dopamine synthesis levels in schizophrenia: most studies find
moderately more dopamine synthesis in schizophrenic subjects, but some find that dopamine synthesis
remains the same [34-35]. This appears to depend on methods and the schizophrenic subtype - if
researchers were to study dopamine synthesis in the frontal lobes, hypothetically, it would indeed be low,
whereas the opposite would be true for striatal dopamine synthesis, particularly in the paranoid
schizophrenic sub-classification (DSM-IV type: 295.30), a condition that presents hallucinations and
delusions as the dominant symptoms.

The imbalance described above makes the jump-to-conclusions trait understandable, and this in turn may
lead to delusions. But how the same neurological imbalance may cause hallucinations is still more complex.

Hallucinations

A dysfunctional perceptual feedback system is already implicated in ‘the corollary discharge error
hypothesis’ for hallucinations: a popular hypothesis which was first published in 1978 [36] and is still a
useful model today. The idea, put simply, is that people must have some kind of feedback mechanism to
inform them of their own corollary role in perception. If I watch a moving train, my eyes and head move too,
thereby allowing me to fixate my gaze as if the train were stable - but if I were to ‘lose track’ of my body
movement, I would experience the train as static, rather than as moving. There’s some evidence that this
hypothesis has some validity, because empirical studies have located the mediator for corollary discharge. It
is the D2 receptors with prefrontal afferents (i.e. the dopamine heteromers) [9].

The problem with the corollary discharge error hypothesis is that schizophrenic hallucinations are often
truly bizarre and are not just illusions (the kind of errors that corollary discharge errors easily explain). In
apparent opposition to this hypothesis, paranoid schizophrenic patients are actually less likely to fall prey to
simple illusions than controls by at least one standard degree of deviation [37]. It is therefore not logical that
the misplacement of corollary effort will make a TV broadcast personal messages or similarly bizarre
symptoms in paranoid schizophrenia.

To take the next step in understanding bizarre hallucinations, it is important to first recognise that it is not
the presence of, but the nature of hallucinations, that should be a concern. The differences between
psychotic experiences and those experienced by healthy people (and also from those with other mental
illnesses) are quantitative and qualitative and not absolute. When perceiving, we seem to predict using
existing schemata and then recognise matches, much as computer recognition software does [28, 38-39]. We
cannot conceivably recognise every object that we perceive afresh, because many objects are unique in one
way or another, and the processing power that such a system would require would be phenomenal in any
case. Predictive perception is led by the automatic intention to understand, and therefore, by the subcortical
systems thought to be responsible for mimetic pattern recognition: the hippocampus/amygdala couplings
[40], the striatum, and the dopamine heteromers in the D2High state. But predictive perception needs a
backup attentional system to identify and process gross errors and genuine novelty; this requires the D2Low
state to engage the frontal neocortex to process information is a bottom-up way.

Because the subcortical D2 receptors are inhibitory, the moderate excess of dopamine caused by the failure
of the D1 mechanism should mean an increased potential for latent attention. As this is brought to the
structural elements of thought and perception, these will be activated. These are predicted to follow the
basic patterns and structural resources of thought: ‘voices’, the visuo-spatial sketchpad, and familiar
storylines — even in unfamiliar situations. However, because these occupy the latent attention system, yet
they are not-intended, they are likely to appear invasive, as if they were intended by someone else: as if
someone else was in control.

Hebb’s law of synaptic plasticity will only compound the problem. Synapses that fire together bind together.
In normal circumstances, this strengthens the synapses of natural associations, but when there’s a surplus of
subcortical dopamine, synapses may fire without intrinsic associations, thereby strengthening lateral and
very obscure or personal associations. Ultimately, this will cause the personal epistemology of resources to
lateralize, so that bizarre linguistic and visuo-spatial definitions and associations will end up becoming as
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important as primary ones. It’s already known that regular challenges to schemata are required to maintain
the differentiation between concepts (which otherwise have a tendency to blur when unchallenged over
periods) [41], but the combination of decreased bottom-up attention, and with it, reductions in frontal
processing and an increase of D2High firing is predicted to speed up the process and effectively scramble the
epistemology - even over a relatively short time period.

In keeping with this hypothesis, schizophrenic hallucinations are not particularly creative. They are
tediously repetitive, familiar to the point of utter impoverishment and return to the same delusional
meanings regardless of circumstances [42]. Thus, the experience of having the TV deliver personal messages
is likely to be followed by the same narrative apparently from the mouths of radio DJs and random
pedestrians on the street: the messages in all these circumstances are the same because they are predictive
representations of the same schemata, the different sources reflect the diminished input of ‘reality’.
Hallucinations of this pattern are commonly reported with paranoid psychosis [32, 43].

Bottom up attention triggers creative consideration rather than action. It therefore requires both the
inhibition of action and the inverse - the excitation of attention. In contrast, automatic action requires the
inhibition of attention to a latent level (because too much awareness prohibits automatic fluency - the
choking phenomenon). It is cogent that that the D1 receptors of the frontal cortex are excitatory, where the
D2 receptors of the striatum are inhibitory: dopamine neurons do not directly moderate behaviour, they
mediate attention. (Actions are largely modulated by the excitatory glutamate receptors.)

Aloss of frontal connectivity will have other phenomenological outcomes also: affective flatness and the
phenomenal loss of gross awareness. This is because attention is more or less confined to a latent state in
the striatum. And other bizarre experience, because of having ones’ attention more or less confined to the
striatum, is that occasional flashes of lucidity may reveal that ones’ actions are going on automatically, as if
the body were a puppet of an invisible puppeteer or being run by a machine perhaps. All these symptoms are
very common and frequently the most terrifying for schizophrenia patients. They are classed as ‘bizarre
delusions,” and are considered to be especially characteristic of schizophrenia [3].

Schizotypal focus, noise theories, and delusions of control

Kapur, et al. suggest [4, 26] that the overexcitement of D2 (overactive D2 is linked to D2High functional
states [15]) may cause distraction, which in turn causes many positive symptoms. This is unlikely, because it
is hypothesised that it is D2Low and NMDA (not D2High) that moderates the attention given to aberrant and
distractible stimuli. Furthermore, it is proposed that D2High mediates the attention that is given to normal,
intended and expected routines, so if anything, the opposite should be true: In schizophrenia, patients are
predicted to a) experience diminished declarative awareness, b) have a diminished ability to notice aberrant
distractions (due to a reduction of bottom-up attention), and c) feel that expected routines seem to function
more autonomously (due to an increase of top-down intention).

This prediction is in keeping with the known phenomenology of schizophrenia: patients frequently report
that during entrenched schizophrenia they experience an erosion of awareness [23]; while delusions of
external control are very common: patients are able to do routine tasks, but feel as though they are being
controlled autonomously - as if they were a robot [42, 44]. Many bizarre hallucinations can be traced back to
these delusions: the feeling that ‘T am not in control’ of my own actions and thoughts. Symptoms like this
are distinctly bizarre, and may also be classed as somatic delusions.

It is not only Kapur, et al. [4, 26] who assert the common heuristic belief that schizophrenic symptoms may
be caused by distraction — whether it be the distraction of neural ‘noise’ or of internal stimuli (a cursory
Medline review turned up 2,000 papers referring to similar ideas, including the 1994 edition of the DSM).
However, under close examination, it seems that this is possibly not a symptom of schizophrenia: When
tasks are a) well-defined, b) contain no unexpected challenges, and c) do not require insightful solutions or
otherwise engage the bottom-up attentional system, tasks should be and are easier for paranoid
schizophrenic patients. The relative increase in D2High should mean improved directed, top-down intention
than for controls, and this means that paranoid schizophrenics should be less distractible than controls. In
support, there is a growing body of reports of better performance by the paranoid schizophrenic patients
than controls for simple, well-defined perceptual tasks [37, 45-46].

Conclusions

Hallucinations vary from condition to condition. Even in healthy populations, hallucinatory experience is
relatively common. Healthy hallucinations tend to be non-invasive, single-modal and generally affectively
positive [47]. Hallucinations in dementia have similar profile but are generally less ephemeral and more
complex [48]. Manic hallucinations appear to be triggered by events and opportunities that have a real basis
[6] and schizotypal hallucinations are distinguished by their intensity, multimodality and by the repetitive
and delusional nature of their themes and narratives. This last type hallucination may be explained by the
relative overstimulation of the striatal D2 vs. the frontal D1 receptors within in the D1/D2 heteromers of the
mesofrontal dopamine pathway.

2013 Golembiewski et al. Cureus 5(5): e118. DOI 10.7759/cureus.118 6 of 8



Cureus

This kind of hallucination is the product of an increased tendency to accept erroneous perceptions combined
with a decreased ability to spot and process errors in perception, poor fact checking processes, and a loss of
definition in the patient’s epistemology. This pattern causes a range of bizarre experiences, all of which are
very familiar symptoms of schizophrenia. Among these is a tendency to perceive what a patient most
expects. These expectations only become more distorted as the epistemology loses definition.

The fact-checking mechanism (bottom-up attention) is one of the functions of the frontal region of the
dopamine pathway. This mechanism involves the activation of the low-affinity mode of the D1/D2
heteromers, which draw approximately 10 times the amount of available dopamine. When this system shuts
down or slows, the heteromer is left in a stable high affinity state, and with a surplus of dopamine to
synthesize. This causes top-down attention to become upregulated, resulting in the over-stimulation of
familiar and expected schemata (phonological and visuo-spatial resources). This causes primary perceptual
errors. With the loss of the fact-checking feedback system, perceptual errors are met with an increased sense
of surety, even though they are false. The result is that experience genuinely becomes at once familiar,
repetitive and bizarre.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

This work was supported by the Schizophrenia Research Institute, utilizing infrastructure funding from NSW
Department of Health.

References

1. Golembiewski J: Are diverse factors proxies for architectural influences? A case for architecture in the
aetiology of schizophrenia. Curéus. 2013, 5:e106.
2. Fletcher PC, Frith CD: Perceiving is believing: A Bayesian approach to explaining the positive symptoms of
schizophrenia. Nat Rev Neurosci. 2009, 10:48-58.
3. American Psychiatric Association: Diagnostic and Statistical Manual (DSM-IV-TR) 4th, Text Revision .
American Psychiatric Association, Arlington; 2000.
4. Kapur S, Mizrahi R, Li M: From dopamine to salience to psychosis-linking biology, pharmacology and
phenomenology of psychosis. Schizophr Res. 2005, 79:59-68.
5. Schultz W, Romo R: Dopamine neurons of the monkey midbrain: Contingencies of responses to stimuli
eliciting immediate behavioral reactions. ] Neurophysiol. 1990, 63:607.
6.  Golembiewski J: All common psychotic symptoms can be explained by the theory of ecological perception .
Med Hypotheses. 2012, 78:7-10.
7. Dietrich A: The cognitive neuroscience of creativity. Psychonomic Bulletin & Review. 2004, 11:1011.
8. Northoff G, Heinzel A, de Greck M, Bermpohl F, Dobrowolny H, Panksepp J: Self-referential processing in
our brains; A meta-analysis of imaging studies on the self. Neuroimage. 2006, 31:440-57.
9. Wang M, Vijayraghavan S, Goldman-Rakic PS: Selective D2 Receptor Actions on the Functional Circuitry of
Working Memory. Science. 2004, 303:853-6.
10.  Javitt DC: When doors of perception close: bottom-up models of disrupted cognition in schizophrenia . Ann
Rev Clin Psych. 2009, 5:249-75.
11. BarghJA, Gollwitzer P, Lee-Chai A, Barndollar K, Trotschel R: The automated will: Nonconscious activation
and pursuit of behavioral goals. ] Pers Soc Psychol. 2001, 81:1014-27.
12.  Baumeister RF, Showers CJ: A review of paradoxical performance effects: Choking under pressure in sports
and mental tests. European Journal of Social Psychology. 1986, 16:361-83.
13.  Fuxe K, Marcellino D, Guidolin D, Woods A, Agnati L: Dopamine Receptor Oligomerization. The Dopamine
Receptors. Neve KA (ed): Humana Press, New York; 2010. 255-80.
14. Seeman P: Historical Overview: Introduction to the Dopamine Receptors. The Dopamine Receptors. Neve
KA (ed): Humana Press (Springer), New York; 2010. 1-21.
15.  Seeman P: All psychotic roads lead to increased dopamine D2High receptors: A perspective . Clinical
Schizophrenia & Related Psychoses. 2008, 1:351-5.
16.  Garrido MJ, Kilner JM, Stephan KE, Friston K: The mismatch negativity: A review of underlying
mechanisms. Clin Neurophysiol. 2009, 120:453-63.
17.  Theeuwes J: Top-down search strategies cannot overide attentional capture . Psychonomic Bulletin &
Review. 2004, 11:65-70.
18.  Grace AA, Floresco SB, Goto Y, Lodge DJ: Regulation of firing of dopaminergic neurons and control of goal-
directed behaviors. Trends Neurosci. 2007, 30:220-7.
19. Theeuwes J, Kramer AF, Hahn S, Irwin DE: Our eyes do not always go where we want them to go: Capture of
the eyes by new objects. Psychol Sci. 1998, 9:379-85.
20. Lieberman AN, Korein ], Freedman L, Siegel K: Changes in serum dopamine beta hydroxylase activity related

2013 Golembiewski et al. Cureus 5(5): e118. DOI 10.7759/cureus.118 7 of 8


https://scholar.google.com/scholar?q=intitle:Are diverse factors proxies for architectural influences%3F A case for architecture in the aetiology of schizophrenia
https://scholar.google.com/scholar?q=intitle:Perceiving is believing%3A A Bayesian approach to explaining the positive symptoms of schizophrenia
https://scholar.google.com/scholar?q=intitle:Diagnostic and Statistical Manual %28DSM-IV-TR%29 4th%2C Text Revision
https://scholar.google.com/scholar?q=intitle:From dopamine to salience to psychosis-linking biology%2C pharmacology and phenomenology of psychosis
https://scholar.google.com/scholar?q=intitle:Dopamine neurons of the monkey midbrain%3A Contingencies of responses to stimuli eliciting immediate behavioral reactions
https://scholar.google.com/scholar?q=intitle:All common psychotic symptoms can be explained by the theory of ecological perception
https://scholar.google.com/scholar?q=intitle:The cognitive neuroscience of creativity
https://scholar.google.com/scholar?q=intitle:Self-referential processing in our brains%3B A meta-analysis of imaging studies on the self
https://scholar.google.com/scholar?q=intitle:Selective D2 Receptor Actions on the Functional Circuitry of Working Memory
https://scholar.google.com/scholar?q=intitle:When doors of perception close%3A bottom-up models of disrupted cognition in schizophrenia
https://scholar.google.com/scholar?q=intitle:The automated will%3A Nonconscious activation and pursuit of behavioral goals
https://scholar.google.com/scholar?q=intitle:A review of paradoxical performance effects%3A Choking under pressure in sports and mental tests
https://scholar.google.com/scholar?q=intitle:Dopamine Receptor Oligomerization
https://scholar.google.com/scholar?q=intitle:Historical Overview%3A Introduction to the Dopamine Receptors
https://scholar.google.com/scholar?q=intitle:All psychotic roads lead to increased dopamine D2High receptors%3A A perspective
https://scholar.google.com/scholar?q=intitle:The mismatch negativity%3A A review of underlying mechanisms
https://scholar.google.com/scholar?q=intitle:Top-down search strategies cannot overide attentional capture
https://scholar.google.com/scholar?q=intitle:Regulation of firing of dopaminergic neurons and control of goal-directed behaviors
https://scholar.google.com/scholar?q=intitle:Our eyes do not always go where we want them to go%3A Capture of the eyes by new objects
https://scholar.google.com/scholar?q=intitle:Changes in serum dopamine beta hydroxylase activity related to coma

Cureus

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

to coma. Dis Nerv Syst. 1976, 37:490-2.

Goldman-Rakic P, Castner SA, Svensson TH, Siever L], Williams GV: Targeting the dopamine D1 receptor in
schizophrenia: Insights for cognitive dysfunction. Psychopharmacology (Berl). 2004, 174:3-16.

Hickey C, Chelazzi L, Theeuwes J: Reward changes salience in human vision via the anterior cingulate . ]
Neurosci. 2010, 30:11096.

Kean C: Silencing the Self: Schizophrenia as a Self-disturbance. Schizophr Bull. 2009, 35:1034-6.

Sass L, Parnas J: Phenomenology of Self-Disturbances in Schizophrenia: Some research findings and
directions. Philosophy, Psychiatry, & Psychology. 2001, 8:347-56.

Seeman P, Kapur S: Schizophrenia: More Dopamine, More D2 Receptors . Proceedings of the National
Academy of Sciences. 2000, 97:7673-5.

Kapur S: Psychosis as a State of Aberrant Salience: A Framework Linking Biology, Phenomenology, and
Pharmacology in Schizophrenia. A ] Psychiatry. 2003, 160:13-23.

Nickerson RS: Confirmation Bias: A Ubiquitous Phenomenon in Many Guises . Review of General
Psychology. 1998, 2:175-220.

Clark A: Whatever Next? Predictive Brains, Situated Agents, and the Future of Cognitive Science . Behav
Brain Sci. 2013, 36:181-204.

Grossberg S: Cortical and subcortical predictive dynamics and learning during perception, cognition,
emotion and action. Philosophical Transactions of the Royal Society B: Biological Sciences. 2009, 364 :1223-
34.

Rumelhart DE, McClelland JL, UCSD PDP Research Group: Parallel distributed processing: Explorations in
the microstructure of cognition, 2 Vol. MIT Press, Cambridge, Mass; 1986.

Freeman D, Pugh K, Garety P: Jumping to conclusions and paranoid ideation in the general population .
Schizophr Res. 2008, 102:254-60.

McGrath JA, Avramopoulos D, Lasseter VK, Wolyniec PS, Fallin MD, Liang K-Y, et al.: Familiality of Novel
Factorial Dimensions of Schizophrenia. Arch Gen Psychiatry. 2009, 66:591-600.

Meyer-Lindenberg A, Miletich RS, Kohn PD, Esposito G, Carson RE, Quarantelli M, et al.: Reduced prefrontal
activity predicts exaggerated striatal dopaminergic function in schizophrenia. Nat Neurosci. 2002, 5:267-71.
Fusar-Poli P, Meyer-Lindenberg A . Epub 2012/01/28: Striatal Presynaptic Dopamine in Schizophrenia, Part
I: Meta-analysis of Dopamine Active Transporter (DAT) Density. Schizophr Bull. 2013, 39:22-32.

Fusar-Poli P, Meyer-Lindenberg A: Striatal Presynaptic Dopamine in Schizophrenia, Part II: Meta-Analysis
of [18F/11C]-DOPA PET Studies. Schizophr Bull. 2013, 39:33-42.

Feinberg I: Efference copy and collorary discharge: the implications for thinking and its disorders .
Schizophr Bull. 1978, 4:636-40.

Brennan ], Hemsley D: Illusory correlations in paranoid and non-paranoid schizophrenia . Br J Clin Psychol.
1984, 23:225-6.

Grossberg S: Linking attention to learning, expectation, competition, and consciousness . CAS/CNS
Technical Report Series, 7, 2003.

Mechelli A, Price C, Friston K, Ishai A: Where bottom-up meets top-down: Neuronal interactions during
perception and imagery. Cereb Cortex. 2004, 14:1256-65.

Le Hunte B, Golembiewski J: Stories have the power to save us. A Neurological Framework for the
Imperative to Tell Stories. Storytelling, Self, Society. 2013, (in review):

Johnson Abercrombie M: The Relation between Inside and Outside Worlds: Seeing Pictures . The Anatomy of
Judgement. Johnson Abercrombie M (ed): Hutchison, London; 1960.

Coltheart M, Langdon R, McKay R: Schizophrenia and Monothematic Delusions. Schizophr Bull. 2007,
33:642-7.

Chadwick P: Borderline: A Psychological Study of Paranoia and Delusional Thinking. Routledge, London,
New York, Canada; 1992.

Frith CD: The self in action: Lessons from delusions of control. Conscious Cogn. 2005, 14:752-70.

Dakin S, Carlin P, Hemsley D : Weak suppression of visual context in chronic schizophrenia . Curr Biol. 2005,
15:R822-4.

Shergill SS, Samson GB, Bays PM, Frith CD, Wolpert DM: Evidence for Sensory Prediction Deficits in
Schizophrenia. A ] Psychiatry. 2005, 162:2384-6.

Honig A, Romme M, E E, Escher S, Pennings M, Devies M : Auditory hallucinations: A comparison between
patients and nonpatients. The Journal of Nervous and Mental Disease. 1998, 186:646-51.

Collerton D, Perry E, McKeith I: Why people see things that are not there: A novel perception and attention
deficit model for recurrent complex visual hallucinations. Behav Brain Sci. 2005, 28:737-94.

2013 Golembiewski et al. Cureus 5(5): e118. DOI 10.7759/cureus.118

8of8


https://scholar.google.com/scholar?q=intitle:Targeting the dopamine D1 receptor in schizophrenia%3A Insights for cognitive dysfunction
https://scholar.google.com/scholar?q=intitle:Reward changes salience in human vision via the anterior cingulate
https://scholar.google.com/scholar?q=intitle: Silencing the Self%3A  Schizophrenia as a Self-disturbance
https://scholar.google.com/scholar?q=intitle:Phenomenology of Self-Disturbances in Schizophrenia%3A Some research findings and directions
https://scholar.google.com/scholar?q=intitle:Schizophrenia%3A More Dopamine%2C More D2 Receptors
https://scholar.google.com/scholar?q=intitle:Psychosis as a State of Aberrant Salience%3A A Framework Linking Biology%2C Phenomenology%2C and Pharmacology in Schizophrenia
https://scholar.google.com/scholar?q=intitle:Confirmation Bias%3A A Ubiquitous Phenomenon in Many Guises
https://scholar.google.com/scholar?q=intitle:Whatever Next%3F Predictive Brains%2C Situated Agents%2C and the Future of Cognitive Science
https://scholar.google.com/scholar?q=intitle:Cortical and subcortical predictive dynamics and learning during perception%2C cognition%2C emotion and action
https://scholar.google.com/scholar?q=intitle:Parallel distributed processing%3A Explorations in the microstructure of cognition%2C 2 Vol
https://scholar.google.com/scholar?q=intitle:Jumping to conclusions and paranoid ideation in the general population
https://scholar.google.com/scholar?q=intitle:Familiality of Novel Factorial Dimensions of Schizophrenia
https://scholar.google.com/scholar?q=intitle:Reduced prefrontal activity predicts exaggerated striatal dopaminergic function in schizophrenia
https://scholar.google.com/scholar?q=intitle:Striatal Presynaptic Dopamine in Schizophrenia%2C Part I%3A Meta-analysis of Dopamine Active Transporter %28DAT%29 Density
https://scholar.google.com/scholar?q=intitle:Striatal Presynaptic Dopamine in Schizophrenia%2C Part II%3A Meta-Analysis of %5B18F%2F11C%5D-DOPA PET Studies
https://scholar.google.com/scholar?q=intitle:Efference copy and collorary discharge%3A the implications for thinking and its disorders
https://scholar.google.com/scholar?q=intitle:Illusory correlations in paranoid and non-paranoid schizophrenia
https://scholar.google.com/scholar?q=intitle:Linking attention to learning%2C expectation%2C competition%2C and consciousness
https://scholar.google.com/scholar?q=intitle:Where bottom-up meets top-down%3A Neuronal interactions during perception and imagery
https://scholar.google.com/scholar?q=intitle:Stories have the power to save us. A Neurological Framework for the Imperative to Tell Stories
https://scholar.google.com/scholar?q=intitle:The Relation between Inside and Outside Worlds%3A Seeing Pictures
https://scholar.google.com/scholar?q=intitle:Schizophrenia and Monothematic Delusions
https://scholar.google.com/scholar?q=intitle:Borderline%3A  A Psychological Study of Paranoia and Delusional Thinking
https://scholar.google.com/scholar?q=intitle:The self in action%3A  Lessons from delusions of control
https://scholar.google.com/scholar?q=intitle:Weak suppression of visual context in chronic schizophrenia
https://scholar.google.com/scholar?q=intitle:Evidence for Sensory Prediction Deficits in Schizophrenia
https://scholar.google.com/scholar?q=intitle: Auditory hallucinations%3A  A comparison between patients and nonpatients
https://scholar.google.com/scholar?q=intitle:Why people see things that are not there%3A A novel perception and attention deficit model for recurrent complex visual hallucinations

	The Subcortical Confinement Hypothesis: A Neurological Model for Schizotypal Hallucinations
	Abstract
	Introduction And Background
	Review
	Developing the aberrant salience hypothesis
	NMDA dysfunction
	Dopamine-moderated perception
	FIGURE 1: A simplified model of a D1/D2 heteromer of the mesofrontal pathway

	The heteromer and attention
	FIGURE 2: The proposed features of dopamine reactions

	Confirmation bias
	Hallucinations
	Schizotypal focus, noise theories, and delusions of control

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


