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Abstract: Psychosis in Parkinson’s disease (PD) is currently considered as the occurrence
of hallucinations and delusions. The historical meaning of the term psychosis was, however,
broader, encompassing a disorganization of both consciousness and personality, including
behavior abnormalities, such as impulsive overactivity and catatonia, in complete definitions by
the International Classification of Diseases-10 (ICD-10) and the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5). Our review is aimed at reminding that
complex psychotic symptoms, including impulsive overactivity and somatoform disorders
(the last being a recent controversial entity in PD), were carefully described in postencephalitic
parkinsonism (PEP), many decades before dopaminergic treatment era, and are now described
in other parkinsonisms than PD. Eminent neuropsychiatrists of the past century speculated that
studying psychosis in PEP might highlight its mechanisms in other conditions. Yet, functional
assessments were unavailable at the time. Therefore, the second part of our article reviews
the studies of neural correlates of psychosis in parkinsonisms, by taking into account both
theories on the narrative functions of the default mode network (DMN) and hypotheses on
DMN modulation.

Keywords: postencephalitic parkinsonism, Parkinson’s disease, psychosis, default mode
network, atypical parkinsonism

Introduction

Psychotic symptoms have been reported to occur in ~60% of patients with Parkinson’s
disease (PD)' and are even more common in patients with dementia with Lewy bodies
(DLB); for example, visual hallucinations (VHs) and delusions occur in 60% to 70%
of DLB patients, respectively.??

PD, PD with dementia (PDD), and DLB are facets of a disorder whose central
pathology is the deposition of alpha synuclein aggregates (known as Lewy bodies) in
subcortical and cortical brain structures.’

Psychosis in PD, PDD, and DLB is currently rated on the basis of different neu-
ropsychological test scores (eg, mainly by using the Neuropsychiatric Inventory),*
which typically do not include in-depth phenomenological interviews. The result
of this approach is that psychosis in PD and parkinsonisms is currently titrated,
perhaps simplistically, as the occurrence of just two core symptoms, hallucinations
and delusions.! In contrast, the broader definition provided by the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) for psychotic disorder
describes psychosis within the classification item schizophrenia spectrum,’ as being
characterized by abnormalities in one or more of the following five domains: delu-
sions, hallucinations, but also disorganized thinking, grossly disorganized or abnor-
mal motor behavior (including catatonia), and negative symptoms. The International
Classification of Diseases-10 (ICD-10)°® uses the term “psychotic” more widely
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than DSM-5° to include abnormal perceptions, thought
contents, and behaviors, without a constraint to the schizo-
phrenia spectrum.

From a historical perspective, the term psychosis has
received a number of different definitions, ranging from a
broad “impairment that grossly interferes with the capacity
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to meet ordinary demands of life”,” “gross impairment in
reality testing”® to the narrow restriction of prominent hal-
lucinations in any modality.!”

Examining this in more detail, earlier French and German
classifications used the term psychosis in such a broad
sense that it was considered “sufficient to define any mental
disorder”.!” For example, Einheit-psychosis indicated a severe
disorganization of (self) consciousness or personality, while
Névrose-Neurosis indicated lesser disorganizations,!'!* same
as previously reported in ICD-9.6

This review article aimed at challenging the current
restrictive definition of psychosis in Parkinsonisms, and
we posit that a broader psychosis definition might be better
suited for capturing the diversity of behavioral symptoms
observed in these disorders. To show that psychotic and
behavioral symptoms of parkinsonism, which are considered
relatively recently identified clinical entities in the orthodox
approach'* ¥ to these diseases, are in fact not a novelty,
our review opens by reporting an analysis of mental disor-
ders historically described in epidemic encephalitis (Von
Economo disease) postencephalitic parkinsonism (PEP).!°

We will then compare behavioral and psychiatric dis-
orders observed in PD and other parkinsonisms with the
categorization items of DSM-5,° highlighting the incongruity
between observed disorders and categorization items.

Finally, we review potential anatomical circuits and
substrates whose derangement may explain the observed
disorders.

Within the neural correlate section, we repropose the
idea of prominent neuropsychiatrists of the past century'
that understanding the possible mechanisms of psychosis
in parkinsonisms might shed light on the mechanisms of
psychosis in other clinical conditions.

Methods

Research on PEP was performed through examination of
historical reports present in our institutional and personal
libraries and the library of the Catholic University, Medical
School of Rome.

Medline research was performed using the following
search terms: postencephalitic parkinsonism/Economo
encephalopathy/dementia with Lewy bodies/Parkinson’s

disease/parkinsonisms and psychosis/behavior/nonmotor
symptoms.

Neural correlates of psychotic symptoms and of impulse
control disorders in Parkinsonism were searched on PubMed
and Scopus databases without any type of date limitations
by using the following keywords acting as search terms:
Parkinson, parkinsonism, nonmotor symptoms, psychosis,
fMRI, MRI, imaging studies, PET, and SPECT.

The mental disorders observed in PEP

The lethargic, epidemic, Von Economo-Cruchet encepha-
litis appeared in Europe as a pandemia in 1916-1917 and
spread to the rest of the world in 1918-1920. The infective
vector, also known as Spanish flu, was lately identified as
HINI1 virus.' Neuropathological lesions due to this disease
affect predominantly the mesodiencephalic regions. The
accompanying characteristic neurological symptoms are
diplopia, oculogyric crisis, parkinsonism and dystonia,
disorders of vigilance and consciousness in the acute phase
(lethargic oneiroid confusion), and complex mental disor-
ders in the chronic phase.?*?> The chronic parkinsonism
induced by lethargic encephalitis was termed PEP. A recent
revision study?* suggests that PEP is a controversial entity,
as the direct relationship of PEP symptoms with epidemic
encephalitis appears weak in some of the described cases,
and it may be argued that some of the cases were affected
by PD or other parkinsonisms.?* This argument does not
impinge on the purpose of our review, which is focused to
evidence that mental disorders, presented in recent articles
and consensus as a novelty, were in fact described in detail
in PEP patients.

According to early French authors, the epidemic encepha-
litis showed, for the first time in history, that a viral infec-
tion could induce a range of psychoses (as outlined in the
following paragraphs), which were, until then, considered
as endogenous or constitutional and interpreted accord-
ing to psychodynamic theories, which were innovative
and prominent at the time.'®? Observations of psychosis
in PEP, including compulsive and conversion symptoms,
according to the broad nosographic definition'*"* prompted
some authors to define the epidemic encephalitis with a,
nowadays inacceptable, term of “maladie expérimentale”
(experimental disease) quoted in detail by Ey et al,'® and by
other authors,?*?%¢ as offering an insight into the possible
mechanisms of mental diseases.

The most frequently described mental disorders observed
in the chronic phase of epidemic encephalitis are listed in
Box 1.
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Box | Mental disorders described in the chronic phase of
epidemic encephalitis

Hysteria — pithiatism, hysteroid disorders
Impulsivity

Perversions (sexual, kleptomania)
Catatonia

Delusions

Hallucinations

Viscosity

As pointed out by ICD-10° and DSM-5° classifications,
hysteria is today considered as an inappropriate or impolite
term, and the use of substitutive terms, ie, somatic symptom
and related disorders, is recommended. Yet, the term hysteria
is still used in several studies,?” > despite attempts to develop
equivalent terms that describe symptoms not fully explained
by organic anatomical and physiological changes. The area
remains unclear and controversial, with “functional” or
“psychogenic” definitions being the focus of a number of
editorial debates.>**

Notably in PEP, “pseudoneurological”, psychogenic
symptoms, including sensory, motor, gait disorders, and
dystonic postures, which should be now classified as con-
version disorders according to DSM-IV-TR** or somatic
symptoms according to DSM-5° or ICD-10° definitions,
were described by several authors.!*?33537 They also clearly
reported patients who were histrionic and displayed the-
atrical behaviors and suggestibility, being suggestibility
the epitome of pithiatism in hysteria.*® For example, Van
Bogaert? pointed out that the symptoms appearing in
chronic epidemic encephalitic evidenced that “hysteroid
symptoms previously attributed to pithiatism or simulation”
could be determined by “undebatable organic disorders”.!**
Thus, somatic symptoms in the context of PEP appear to
have an organic basis that undermines their prior purported
functional etiology.

Beyond the psychomotor automatisms consisting of
stereotyped behaviors, echopraxia, and echolalia, the atten-
tion of early authors was mainly focused on the occurrence of
impulse control and sexual behavior disorders. In this regard,
hypersexuality, paraphilias, and changes in sexual orienta-
tion were observed, although undoubtedly some of these
descriptions were driven by the social norms and morality
of the time.!*20-2323353739 Among disorder characterized by
loss of impulse control, kleptomania, mostly defined grossly
as “stealing”, was discussed by several authors, 354 as well
as erratic actions (eg, wandering) and restlessness.*

These symptoms were the focus of several clinical obser-
vations with catatonia classified, mostly with hypertonic-rigid

symptoms, inside the typical negativism of psychosis.'
The chronic hallucinatory psychosis was mostly attributed
to oneirism (dream enactment) or oneiroid status, and this
reflected the different categorization concepts that were
topical at the time.!*2!-22

In contrast with the recent attitude toward VHs in PD, %4
the description of hallucinations was mostly focused on
delusional hallucinations or paraphrenia, ie, complex hal-
lucinations with intrinsic logic and narrative, while there
was little interest in simple hallucinations, which were called
eidolic hallucinations or pareidolias, and attributed to dis-
ordered perception and “compatible with reason, according
to ancient authors”,'? ie, Aristoteles (De Anima), as quoted
by Ey et al.!?

Box 1 also reports viscosity, which was considered
by the different authors among the mood and impulsivity
disorders.!%20353745 Many studies described this disordered
behavior, and Menger* defined it “inopportunité assidue”
(assiduous inopportunity)* by describing it as the relentless
questioning, fixation on topics and clinginess. This aberrant
behavior was lately considered by Waxman and Geschwind*
as one of the psychiatric manifestations of temporal lobe
epilepsy.*® Viscosity has never been listed among the men-
tal disorders in parkinsonism, although every day clinical
practice seems to suggest its presence.

Psychotic symptoms in other

parkinsonisms

It is quite difficult to define properly the “other parkinsonisms™
as the revolution provoked by genetic studies has progres-
sively eroded the concept of idiopathic PD and prompted a
revitalization of the term parkinsonian syndrome.*

It could be relevant to know precisely what is the preva-
lence of the different mental disorders in the different geneti-
cally determined parkinsonisms, but data are insufficient or
incongruent at present.

In Synuclein triplication impulse control disorders,
hallucinations and delusions have been reported as pheno-
typic features.”® Psychiatric disorders are also reported in
patients affected by glucocerebrosidase A (GBA) mutations,
but the description of these are not detailed®"** although in our
local cohorts, we have observed impulse control disorders,
hallucinations, and delusions in 9 of 12 genetically ascer-
tained GBA mutations (25%).> For leucine-rich repeated
kinase 2 (LRRK2) mutation, it is known that the presenting
phenotype may consist of bipolar disorder, dementia, and
schizotypic personality disorder rather than of parkinsonism,
but we do not know clearly about the overlap of mental
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disorders and parkinsonism.** A recent research report
showed high prevalence of nonmotor disorders in LRRK2,
as evidenced by standardized rating scales.*

Hallucinations and impulse control disorders are not
described in multiple system atrophy (MSA) and pro-
gressive supranuclear palsy (PSP), according to cohort
study,> which concludes that the presence of hallucinations
should be considered as an exclusion criterion for MSA
diagnosis, although it is notable that a single case’” and a
cohort study have also described possible hallucinations
in MSA.%® Another study showed that hallucinations are
reported when the apparent MSA phenotype is due to
atypical—atypical variants® arising from genetic or mito-
chondrial diseases.

In contrast, in frontotemporal lobar degenerations
(FTLDs) with parkinsonism, the hallucinatory, delusional,
and impulse control disorders symptoms are clearly
described.®® In particular, hallucinations and delusions
are prominent in chromosome 9 open reading frame 72
(C90ORF72) mutation, which is the most common cause of
FTLD phenotype occurrence.®¢2

Impulsive—compulsive disorders consisting of, for
example, recycling metal and plastic, stomping ants, solitaire,
crosswords and puzzles playing, weeding, collecting coins,
dish washing, searching family photographs, cataloguing
daily events, and skipping pavement cracks have all been
reported in COORF72 and transactive response DNA-binding
protein 43 (TDP-43) and fused in sarcoma (FUS) genetic
mutations. % ¢

Mental disorders in PD
Table 1 lists the mental disorders described in PD, in compar-
ison with DSM-5-based classifications of similar disorders.

From the comparisons of the two lists, it is evident that
disorders observed in parkinsonisms do not match DSM-5
classifications.’

The incongruence is evident, for example, for impulse
control disorders of PD (PD-ICD), that are not listed in
DSM-5, despite the fact that they appeared in the previ-
ous DSM-IV-TR revision, which included only intermittent
explosive disorder, kleptomania, pyromania, pathological
gambling, and trichotillomania.>* The same disorders are
listed in ICD-10.¢

In DSM-5,° some impulse control disorders now appear
under the obsessive—compulsive disorder categorization,
yet the specifier, reported in Table 1, is that the key factor is
obsession, as persistent ideas, thoughts, and impulses that are
experienced as intrusive and inappropriate and cause marked

Table | Mental disorders described in PD, in comparison with
DSM-5-based classifications of similar disorders

Mental disorders described DSM-5-based classifications

in PD

Impulse control disorders:
— Gambling

Obsessive-compulsive and

related disorders

— Dopa dysregulation syndrome

— Punding,* including hoarding,
collections

— Obsessive—compulsive
disorders including recurrent
and persistent thoughts and

— Hypersexuality, including repetitive behaviors which are

paraphilias aimed at preventing anxiety
— Wandering (procursivity) — Body dysmorphic disorder
— Exercising — Hoarding disorder
— Binge eating — Trichotillomania
— Compulsive (impulsive) shopping — Excoriation
— Aggressive driving — Substance induced obsessive—
— Collections compulsive and related

disorders
— Obsessive—compulsive and
related disorders due to
another medical condition
Schizophrenia spectrum and
other psychotic disorders
Delusional disorder: erotomanic,

Hallucinations

Delusions — jealousy, somatic,
other

Catatonia grandiose, jealous, persecutory,
somatic, mixed, unspecified
Somatoform disorders Somatoform disorders

— Somatic symptom disorder

lliness anxiety disorder

— Conversion disorder

— Psychological factors affecting
other medical conditions
Factitious disorder

— Other specified and

unspecified somatic symptom
and related disorders
Depression Depressive disorders**
Apathy — Disruptive mood
dysregulation disorder
— Major depressive disorder
— Persistent depressive disorder

(dysthymia)

Notes: *Danish term, initially devised to indicate the repetitive behaviors due to
amphetamine or cocaine addiction, then translated to PD. **Notice that a specifier
is provided for psychotic symptoms in depressive disorders and bipolar disorders.
Abbreviations: PD, Parkinson’s disease; DSM-5, Diagnostic and Statistical Manual of
Mental Disorders- Fifth Edition.

anxiety or distress.> Compulsions are repetitive behaviors,
the goal of which is to prevent anxiety or distress.’

The recent history of PD-ICD is initially characterized by
case reports describing those disorders as secondary to dop-
amine agonist administration or to L-DOPA treatment.*! #6768
Later on, systematic studies evidenced a presence of this
disorder in 5%-8% of untreated PD patients,** with a
prevalence only slightly higher than the prevalence obtained
in control population. However, the increased prevalence and
occurrence of PD-ICD due to dopamine agonist treatment
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appears today undebatable.*' #6768 What remains undescribed
is whether the obsession present in PD or the impulses are
irresistibly enacted upon without the conscious perception
of anxiety as a driver.

The presence of obsession would frame PD-ICD in the
categories of DSM-5° and ICD-10,5 but its absence would
assimilate these disorders to the impulsivity described in
PEP where a clouding of conscience and surrendering to the
impulse drive was clearly described by the neuropsychiatrists
Of the time.10,20—23,25,35—37,39

Furthermore, most of the PD-ICD presentations described
in parkinsonism do not appear in DSM-5 psychiatric clas-
sifications, and hypersexuality, gambling, wandering, and
repetitive activities are framed by DSM-5° under different
categories, than obsessive—compulsive disorder.

Hallucinations in PD have been extensively studied.*¢%-7
However, it is important to remind the reader that hallucina-
tions in PD appear in two formats, one is early, consisting of
misperceptions/illusions (also termed pareidolias), or simple
hallucinations or moving hallucinations, which are recognized
by the patient as unreal and that disappear when the patient
focuses his attention.” The other type is instead consistent of
complex visual experiences, which are often not recognized as
hallucinations and are associated with dementia.*¢%-%° Cohort
systematic studies evidenced that the two types of hallucina-
tions cannot be considered as separate clinical entities, in
opposition to the concept of benign vs malignant hallucina-
tions, as the occurrence of the first type is mostly a harbinger
to occurrence of the second type.” These second “complex
hallucinations” match with the description of hallucinatory
psychosis (or paraphrenia) described earlier in PEP.

Delusions in parkinsonism are less frequently described
than PD-ICD, and the prevalence of VHs greatly varies
between 2% and 16% of patients, according to different
studies,!””* probably due to different disease durations in
the described cohorts or because the reported data were not
controlled for pharmacological management of psychosis.
In this regard, a recent cohort study reported that delusions
of sin/guilt or grandiosity were relatively frequent (35% of
delusional patient), as well as delusions of reference (30%),
while delusions of jealousy were less frequent (13%).! Other
studies instead reported that delusion of jealousy was more
common than the other types.®"* Delusion of infestation
was also recently reported as a novelty,””* although it was
described in prior studies.®>*” Somatic delusions in PEP were
described as hysteria—pithiatism, while in PD were discussed
in comparison with somatoform disorders, with the purpose
to highlight the psychotic characteristics of symptoms that

did not conform to any known anatomical pathways and
physiological mechanisms.®-%

In a PD cohort study, somatic delusions accounted for
justa 4% of cases,' this evidencing furthermore that different
prevalences emerge from different cohort or case series.

Somatoform disorders alternatively termed as functional
or psychogenic symptoms were only recently described in
L-DOPA-responsive parkinsonism,® in a comparative study
including MSA, PSP, frontotemporal lobe degeneration
(FTLD), Alzheimer’s disease (AD), and DLB.* This introduc-
tory study was followed by several confirmatory reports,'#-%7
concluding that, after all, “functional overlap in Parkinson
disease can commonly be seen in clinical practice”.’!

A careful search of historical literature, however, showed
that somatic disorder (ie, somatization) or hysteria was also
described in PD at the dawn of the L-DOPA era.?® 1!

Neuropsychological scale-based studies have demon-
strated a high incidence of somatization and alexithymia
in PD, reaching a prevalence of 40%,%!> whereas in our
cohort study of somatoform disorders, the effort to classify,
confidently, different motor, and nonmotor symptoms, as
functional, and specifically differentiating them from motor
and nonmotor symptoms in PD, resulted in a much lower
incidence in PD of 7%-9% and 15%—19% in DLB.%

Somatoform disorders were not observed in FTLD,
AD, and MSA and appeared in 1 of 17 patients with PSP.%
Absence of somatoform disorders in MSA is intriguing, as
MSA patients do present with high anxiety (trait and state)
scores, similar to PD patients without hallucinations or
delusions.®!% This finding may suggest that somatization
is not an output of anxiety. The absence of VH and somato-
form disorders in MSA may suggest, inversely, that a com-
mon mechanism underlying the occurrence of both VH and
somatic symptom disorders could not be present in MSA.

The presence of somatoform disorders in PD and DLB
is predictive of cognitive decline, which is correlated with
hallucinations.” In contrast, the absence of these disorders in
AD, FTLD, and PSP was puzzling, and in counterdistinction
to what is observed in PD and DLB, it has been suggested that
in these disorders, severe cognitive decline is incompatible
with the production of functional symptoms. Clearly, dif-
ferent patterns of neurodegeneration influence the profile of
symptoms, and this needs to be taken into account.

In studies following the initial cohort analysis, 3% the
psychotic traits accompanying functional disorders in par-
kinsonism were underlined by evidencing that some of the
bizarre symptoms needed a proper classification as somatic
delusions, rather than as somatoform disorders.%¢%’
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Finally, we must underline a relevant innovation intro-
duced by DSM-5,° which includes a helpful new diagnostic
categorization element, that being, “somatic disorders in
a coexisting medical disease”.’ This is a new and a much
needed classification item, where the functional-psychogenic
overlaps in PD could be usefully framed and categorized.

PD-ICD can be extremely disruptive of previous per-
sonality traits and behavioral aspects; impressive examples
can be found not only in scientific literature but also in
websites reporting personal experiences and results of legal
actions. The disruption of personality and the resistance
to reality testing constitute the reasons to introduce ICD®
in a discussion of psychosis in parkinsonisms. Similar to
delusions and complex hallucinations, the disruptive effects
of ICD on personality and on failures on insight and real-
ity testing suggest that some ICDs might be more easily
framed into the notion of psychosis, as used by pre-DSM
psychiatrists.!%-20-23

The unorthodox question derived from the first two
sections would be thus summarized as: Is it acceptable
to frame the complex mental and behavioral disorders of
PD into categories resulting from the reduction of DSM
guidelines into simplified questionnaires?

We would argue that the older, etymologically, and
historically accepted meaning of psychosis could be better
suited to encompass the complexity of mental disorders in
parkinsonisms.

At least its use would remind us of the long and rich
intellectual history of discussions that have helped frame
the current study of mental disorders, when neurology and
psychiatry were structuring their identities, and would under-
line the differences between the mental disorders observed
in PD and those analyzed by DSM systems, which, useful to
remind, quote Parkinson only in the Dementia chapter.’

Neural substrate of psychosis in

parkinsonisms
The reward system, including orbitofrontal (OF) projection
to striatothalamic circuit, was the main focus of studies on
PD-ICD.!*1% We will not describe these aspects in the pres-
ent report. We mentioned those disorders just to underline
the altered mentation that accompanies these symptoms. In
brief, studies on ICD posit the centrality of the dopaminergic
reward system, of projections to striato-pallidal structures,
and of the effect of long-term potentiation on the aforemen-
tioned circuits.!07-1%

Primary idiotypic and associative visual cortex and
temporal lobes have been the target of studies on VHs.

These studies however considered pareidolias, ie, illusions
or misperceptions, as their main target.'**!1

In “Conclusion” section we will discuss, instead, only the
possible substrates of complex hallucinations, in particular,
those endowed with narrative characteristics, ie, those in
which there is a contextual meaning of the perceived hal-
lucination, or secondary delusions, and of somatization
symptoms of which, in previous studies,**’ the delusional
characterization was evidenced.

Even though the complex, kinematic hallucinations are,
apparently, less frequent than illusions and simple hallu-
cinations, the intrinsic narrative linked to these hallucina-
tions is an intriguing phenomenon.***"”* For hallucinations
associated with narratives, there appears to be an intrinsic
logic that structures the hallucinatory perceptions, and one
which is often overlapping with dream themes.*¢-70.111.112
For example, in several studies, funerals, fighting demons,
theatrical performances of Lilliputian personages, and danc-
ing figures are clearly described as hallucinations and with
secondary delusions.¥-112-114

We postulate that the structure providing this narrative is
probably the default mode network (DMN). Figure 1 repre-
sents DMN regions activation during resting state.

DMN has emerged as an evolutionary novel functional
network in human brains as shown in studies comparing with
lower order primates.'" It consists of a set of cortical regions
including medial prefrontal, posterior cingulate, lateral
inferior parietal cortex, and medial temporal lobes. As pos-
terior cingulate cortex (PCC) is anatomically framed inside
the limbic structures and because of its possible functions,
DMN is considered part of the limbic system, as a system
driving memory, emotions, and behavior.!'® Figure 2 shows
a schematic representation of the limbic areas.

Imaging studies found brain regions with highly cor-
related activity during rest and deactivation during task,

Figure | Default mode network (DMN) spatial map obtained from independent
component analysis (ICA) on healthy subjects.

Note: Yellow-red and green-blue areas indicate positive and negative correlations
with the independent component (IC) waveform, respectively.

Abbreviations: DLPFC, dorsolateral prefrontal cortex; vmPFC, ventromedial
prefrontal cortex; IPL, inferior parietal lobule; IPS, inferior parietal sulcus; PCC,
posterior cingulate cortex; MPF, medial prefrontal cortex.
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LIMBUS

Figure 2 Schematic representation of the structures composing the limbic system
and elements of the default mode network embedded in it (ACC and PCC).
Abbreviations: ACC, anterior cingulate cortex; PCC, posterior cingulate cortex;
A, amygdala; AnTh, Anterior nucleus of thalamus; EC, enhtorinal cortex; F, fornix;
Fi, fimbria; H, habenula; Hi, Hippocampus; MB, mammillar body; OfC, orbitofrontal
cortex; Th, thalamus; Un, uncus.

which were named DMN, and showed that DMN has roles
in imagery production and incorporation of self-referential
information into consciousness.!!”!1¢

The original DMN role in self-referential information
production has been reconsidered in theoretical studies that
seek to explain the occurrence of hallucinations by suggest-
ing that DMN could introduce self-referential information
into misperceptions. %11

From a broader network perspective, the DMN is believed
to act in balance with the attentional control networks, ie, the
dorsal attentional network (DAN), consisting of dorsolateral
prefrontal cortex (DLPFC), posterior parietal cortex, and
corpus striatum, as well as the ventral attentional network
(VAN), consisting of the basolateral amygdala, lateral and
inferior prefrontal cortex, temporoparietal junction, and
ventral striatum.''® Cortical and subcortical structures now
considered as pertinent to the DAN and VAN networks were
previously named as salience network or Petersen cingulo-
opercular task control network'"® (Table 2).

Table 2 Networks and their role

Network Cortical areas involved Role

Default mode
network (DMN)

Posterior cingulate
Medial prefrontal
Hippocampus
Ventral attention Superior frontal
network (VAN)

Task-independent thought
Mind wandering

Contributes to activation
Temporoparietal junction of the other networks
Anterior insula Engages attention to
salient stimuli

Dorsal attention

network (DAN)

Frontal eye fields Voluntary orienting

Superior parietal Processing of cognitive

Extra visual information

According to a recent hypothesis and theory paper, entry
into an oneiric, consciousness clouding, by dreaming or
transliminality state,'? depends on collapse of the normally
highly organized activity within the DMN and decoupling
between the DMN and other cerebral structures. !

This model suggests that the oneiric state is due to DMN
decoupling and represents an entropic, and thus highly
disordered, state of the brain as opposed to the tendency
of entropy suppression, which typifies normal working
consciousness with a constrained (ordered) quality and
associated metacognitive factors, including reality testing
and social awareness.'!

In the highly entropic state, DMN functional connectiv-
ity is poised at a critical point, with connectivity motifs that
form and fragment across time.!?!

This hypothesized model rehabilitates many Freudian
metapsychology concepts'? and defines the DMN decoupling
state as a primitive or primary state of consciousness, ie, the
one that preceded the development of the modern, adult,
linear, and normal working consciousness.'?!

Envisioning energy states, with representation of low
entropy/high entropy states, can be assimilated to the
Freudian metapsychology frames,'?? depicting shifts of
energy from conscious to unconscious activities; in particu-
lar, the DMN-driven entropic states may be analogous to the
activities of subconscious structures, variably defined as “es”
or “id” by Freudian psychoanalysts, who always depicted a
preserved consciousness of the individual identity for this
metapsychological structure, despite the lack of control by
the “adult, linear normal waking consciousness” defined by
the same authors as “ego”.!?!1%2

Similar concepts were exposed in studies suggesting that
the brain is in a metastable condition but can easily reenter
into entropic states if required. In normal function, return to
stable motifs can occur rapidly.'?>-12¢ The study by Carhart-
Harris et al'?! has the merit of pointing to DMN with clarity
and of evidencing the similarities of possible DMN functions
with Freudian metapsychology.'?

The concluding parts of the present review focus on
three hypotheses: role of DMN, possible driver of DMN,
and mechanisms of somatic delusions.

Hypothesis |
The first hypothesis of the present review suggests that
DMN disinhibition is key mechanism for psychosis in
parkinsonisms.

This hypothesis is also supported by data suggesting
that DMN hyperactivity has been shown in other psychotic
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manifestations and in psychotic depression with suicidal
behavior. 2”132

The existence or predisposition for a DMN disinhibited
entropic state in Parkinsonisms is difficult to evidence, as
evidence would require a clear cut definition of what is a
normal activity for DMN. Most of the studies involving
DMN activity were actually exploiting the property of
DMN, consisting of being active in resting state, without the
requirement of performing any task, and thus investigated
connectivity mostly as related to motor symptoms or motor
phenotypes. 33134

Nevertheless, increased activity or connectivity of DMN,
or preserved activity and connectivity compared with other
nonpsychotic conditions, has been reported as C9orf72
mutation carriers®? in Lewy body dementia and'*>!*® in
parkinsonism with hallucinations in comparison with other
disorders without hallucinations. 03139140

Several articles showed increased DMN connectivity or
activity in PD,'%13:140 while the articles focused on motor
symptoms reached different conclusions, 331341417146 Tt jg
notable that in PD without VH and in parkinsonisms without
VH, similar to MSA, DMN activity and connectivity are
significantly reduced.'®

Increased activity is undoubtedly evidenced by the so-
called “cingulate island sign”, now considered a diagnostic
marker of DLB.! The sign indicates preserved activity of the
PCC, a main hub of DMN, as observed with PET,'¥ in the
comparison between DLB and controls or other conditions
characterized by cognitive decline.'” Figure 3 shows an
example of intense activity of PCC in a DLB patient.

From task-based dynamical studies, altered DMN inhibi-
tion during a visual-attention task was described in DLB,** and
increased coupling between DMN and visual networks, during
a cognitive task, has been described in PD with VH.'*

In AD patients without VH, it is well established that
DMN activity and connectivity are reduced.!!7-148-17

Figure 3 Sagittal images of single fluorodeoxy-glucose-photon emission tomography
showing in one of our DLB patients, preservation of PCC metabolism, the so called
“cingulate island sign”.

Abbreviations: DLB, dementia with Lewy bodies; PCC, posterior cingulate cortex;
S, sagittal; A, anterior; P, posterior.

The reduction of DMN activity in AD has been related to
a lack of compensatory mechanisms, which may depend on
the greater cellular loss that occurs in this disease'” in poste-
rior cortex, which is supposed to be one of the main targets of
amyloid pathology (of note, a recognized AD variant consists
specifically in prominent posterior cortical atrophy).!

Similarly, altered and reduced connectivity has been
described in PSP, '*° a disease without VH, also characterized
by significant brain atrophy in posterior cortex.

In the study on MSA, decreased DMN activity, which was
similar to reductions observed in AD, was observed, yet no
cellular loss was evidenced as demonstrated by preservation
of a normal cortical thickness.'” This finding suggests that
functional modulatory mechanisms rather than structural
differences are relevant.

Table 3A and B shows the results of different studies on
the activation/connectivity of DMN in different neurodegen-
erative diseases. Table 3A reports findings in AD patients;
Table 3B reports findings in different parkinsonisms.

Therefore, the comparison between different diseases,
with different etiologies, suggests that DMN enhancement
or inhibition is not a disease-related process but rather is an
aspect linked to the expression of clinical phenotypes.

This hypothesis expands the possible role of DMN,
by considering that DMN enhancement may underlie the
expression of VH (with extreme manifestations including
psychosis and delusions), while DMN inhibition might be
linked to a phenotype characterized by hyperarousal or
increased anxiety (with extreme manifestations including,
for example, akathysia).!*!3 In conclusion, it might be
hypothesized that a phenotype characterized by fluctuations
in alertness and oniroid hallucinations and imagery might
be linked to persistent DMN activity, while a phenotype
characterized by increased arousal and severe anxiety
(eg, Godot syndrome)'® might be linked to deficient
DMN activity.!*

This hypothesis is focused on early phenotypical aspects,
as it is likely that in the late course of any dementia, psychosis
could appear because of a collapse of the systems. In late
course, psychosis may emerge because of widespread low
energy states, in which modulations and malfunctions are set
at lower connectivity and activity levels, with emergence of
ontogenetically elementary reflexes (nurture, withdrawal).
Thus, the final path for late dementia may converge to the
same phenotype, but our hypothesis is that the starting point
may be different.

Our hypothesis, driven by the DMN-entropia model,'?!
implies that more studies should be performed in different
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Table 3A Findings obtained in previous studies on DMN in resting state fMRI in the comparison between patient groups (AD) and
healthy control group

Groups Authors Results Extra DMN Method
regions
AD Agosta et al'*? Decreased FC inside DMN No Seed and ICA
Binnewijzend et al'*° Decreased FC in PCC No ICA
Chhatwal et al'®' Decreased FC in PCC and parietal cortices No ICA
Drzezga et al, 201 | Decreased whole-brain FC in PCC and TPC Yes Seed
Greicius et al'"” Decreased activity in PCC and hippocampus No ICA
Hahn et al'® Decreased FC in posterior DMN No ICA
Jones et al'*? Decreased FC in posterior DMN, decreased and increased FC in the No Seed and ICA
anterior DMN
Li et al'>* Decreased FC, correlated with the ratio of AB42/P-tau No ICA
Zhang et al'*® Decreased and increased FC between PCC and whole brain Yes Seed
Zhou et al'* Decreased FC to hippocampus, cinguloparieto-occipital regions, and the Yes ICA
raphe nucleus
Zhou et al'®’ Decreased FC between left thalamus and PCC, RMFG, and LIFG Yes Seed

Decreased FC between right thalamus, RMFG, and LIPL. Increased FC
between thalamus and MFG, MTG, ITG, SPL, postcentral gyrus, and PCC

Note: The use of the seed-based analysis or the data-driven ICA (method) and the inclusion, in analysis, of regions not considered as part of DMN (extra DMN) are also
indicated.

Abbreviations: DMN, default mode network; fMRI, functional magnetic resonance imaging; AD, Alzheimer’s disease; FC, functional connectivity; ICA, independent
component analysis; PCC, posterior cingulate cortex; TPC, temporoparietal cortex; LIFG, left inferior frontal gyrus; MTG, middle temporal gyrus; ITG, inferior temporal
gyrus; SPL, superior parietal lobule; RMFG, right middle frontal gyrus; LIPL, left inferior parietal lobule; MFG, middle frontal gyrus.

Table 3B Findings obtained in previous studies on DMN in resting state fMRI in the comparison between patients groups (DLB, PD,
and PSP) and healthy control group

Groups Authors Results Extra DMN Method
regions
DLB Franciotti et al'3* Increased activity in PCC compared with AD No ICA
Galvin et al'3¢ Increased FC between PCC, DAN, and putamen. Decreased FC Yes Seed
between PCC, DMN regions, and visual cortices
Kenny et al'¥ Increased FC between the right PCC and other brain areas Yes Seed
PD Gorges et al'*? Increased FC between bilateral hippocampus. Decreased FC No Seed
between MPFC and PCC
Krajcovicova et al'! Increased FC between PCC and DMN areas No ICA
Franciotti et al'® Increased FC in PD with visual hallucinations and reduced PD No ICA
without visual hallucinations
Yao et al'® Increased FC between DMN areas in PD with visual Yes ICA
hallucination and decreased FC in PD without hallucinations
Baggio et al'® Increased FC between DMN and lateral occipitoparietal regions Yes ICA
Rektorova et al'* Increased FC in DAN Yes ICA
Shine et al'* Increased FC between DMN and primary visual system Yes ICA
Tessitore et al'®3 Decreased FC of the right MTL and bilateral IPL No ICA
Seibert et al?® Decreased FC in bilateral prefrontal regions No Seed
Olde Dubbelink Decreased FC between multiple brain regions, especially in Yes ICA
et al?” posterior parts of the brain
Szewczyk-Krolikowski Decreased FC in the BGN Yes ICA
etal'
PSP Whitwell et al'>® Decreased FC in premotor cortex, PFC, temporal lobe, Yes ICA
thalamus, and striatum
MSA Franciotti et al'® Decreased FC in superior and medial frontal areas No ICA

Note: The use of the seed-based analysis or the data-driven ICA (method) and the inclusion, in analysis, of regions not considered as part of DMN (extra DMN) are also
indicated.

Abbreviations: DMN, default mode network; fMRI, functional magnetic resonance imaging; DLB, dementia with Lewy bodies; PD, Parkinson’s disease; PSP, progressive
supranuclear palsy; PCC, posterior cingulate cortex; AD, Alzheimer’s disease; ICA, independent component analysis; FC, functional connectivity; DAN, dorsal attention
network; MPFC, medial prefrontal cortex; IPL, inferior parietal lobe; BGN, basal ganglia network; PFC, prefrontal cortex; MTL, middle temporal lobe.
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conditions, following the preliminary studies showing
enhanced or disinhibited DMN activity/connectivity in par-
kinsonisms with hallucinations or delusions.

Relevant information should be gained from studies on
DMN inhibition (task/rest comparisons) rather than from
studies on DMN activation (like the simple resting state).
Understanding dynamical changes during specific tasks
and impact of DMN on other systems should be the target
of future studies.

In a practical example, the evidence of impaired right
hemisphere connections in DLB, as observed in one of our
studies,'* might suggest a specific role of a right hemisphere
dysfunction in the occurrence of fluctuating cognition, in
accordance with several early and late hypotheses on ana-
tomical correlates of attention. However, specific activation
paradigms will need to be developed as only the evidence of
abnormal DMN activities during rest, coupled with abnormal
activations during task, can properly distinguish the role of
different cortical areas, as shown by a recent report.'*®

The energetic frame in which DMN is embedded,'?! with
connection motifs forming and fragmenting through time,
also suggests that the stability and variability through time
of DMN connections need proper assessments, together with
a validation of what is a normal DMN activity/connectivity
and under which condition.

Further investigations should answer the following
questions:

Does DMN power and connectivity represent a mere
epiphenomenon or are the key drivers of the clinical
phenotype?

Is DMN inhibition/lack of inhibition dependent on ana-
tomical factors (like in AD) or on functional modulatory
activities (like in MSA)?

Hypothesis 2

The role of thalamus
Could there be a driver of DMN lack of inhibition? A possible
answer comes from studies in other diseases characterized
by the occurrence of bizarre, rich in narrative, confabula-
tions, or delusions.'"-1% Bizarre confabulations are typically
presented by patients affected by ruptures of aneurisms of
the anterior communicating artery (AcoA syndrome),!¢!:162
by patients with the Korsakoff syndrome,'** ' and by
patients with ischemic lesions of the anteromedial thalamic
nuclei.163,l67—170

Figure 4 shows a reconstruction of thalamic nuclear
lesions in patients with confabulations, and amnesia.

In patients with Korsakoff syndrome, metabolic degen-
eration of anteromedial thalamic nuclei induces severe

Onofrj et al (2016)'
Ischemic damage area

Schnider et al (1996)'"
Memory without context: amnesia with
confabulations after infarction of the right
capsular genu — infarct of the right inferior
capsular genu and anterior thalamic nucleus.

Markowitsch et al (1993)°¢

Mnestic performance profile of a bilateral
diencephalic infarct patient with preserved
intelligence and severe amnesia disturbances. —
Bilateral ischemic damage in the anterior
thalamic and mediodorsal thalamic nuclei

Figure 4 Ischemic thalamic lesions in patients with confabulations described in
literature (red circles, Onofrj et al, 2016;'¢® green circle, Schnider et al, 1996;'¢” and
blue circles, Markowitsch et al, 1993).2%®

inhibition of anterior cingulate cortices (ACCs) and prob-
ably OF cortex.!®*

In patients with ischemic lesions of anteromedial thalamic
nuclei, projections to BA 32 and BA 25 areas of ACC are
predominantly involved.!¢®

In the AcoA syndrome, the OF and ACC, which are the
targets of anterior thalamic radiations, are variably disrupted
by aneurismal ruptures.!®!:162

These observations suggest that the anteromedial part
of the thalamus or the cortical regions that are the target of
thalamic projections from anteromedial nuclei have a relevant
role in disinhibition of confabulatory narratives.

To further explain the mechanisms of bizarre confabula-
tions in patients with ACC lesions, it has been hypothesized
that ACC and OF may control reality monitoring and repre-
sentation of ongoing reality.'¢’

An alternative hypothesis could suggest that ACC inhib-
its PCC, which is the main hub of DMN functions and of
DMN role in self-narrative production. Similarly, the ACC
has phylogenetically developed in humans in parallel with
frontal lobes expansion, in order to control PCC.

ACC could modulate the activity of PCC by prevalent
inhibition. Lesions of anteromedial thalamic nuclei, by
altering glutamatergic facilitatory projections to ACC, could
inhibit ACC and consequently disinhibit PCC and DMN.
The ensuing disinhibition could explain the occurrence of
florid narratives.

In conclusion, in parkinsonisms, thalamic structures
could indirectly drive the DMN disinhibition, as disruption
of anterior and medial thalamic functions would affect excit-
atory projections to ACC and OF: suppression or depression
of thalamic afference to ACC could inhibit ACC-OF and
thus disinhibit PCC (Figure 5).
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Figure 5 Representative image of the inhibitory input from the anterior cingulate
cortex (ACC) on the posterior cingulate cortex (PCC).

Many studies have evidenced noradrenergic, dopamin-
ergic, or cholinergic denervation in the thalamus of patients
with PD and DLB."""'”* Prominent thalamic degeneration and
denervation have also been observed in C9ORF72 FTD. 606
Studies on DLB are ongoing, and although a hypothesized
alteration of cholinergic thalamic interneurons has not been
found,'”* some recent reports have suggested a cholinergic
deafferentation of the thalamus from pedunculopontine
nuclei projections.'7>176

DLB and PD patients present with specific symptoms
characterized by clouding of consciousness (fluctuating
cognition),? sleep disturbances (mind—body dissociation),
and VHs (within-mind dissociation),” which have all being
demonstrated to be associated with abnormalities of thalamic
nuclei or thalamocortical connectivity.'””!7

The EEG of DLB and PDD patients is characterized
by appearance of fast theta at 5.6—7.8 Hz, also termed
prealpha,'” activity during wakefulness, an activity substi-
tuting pseudocyclically the normal posterior alpha activity
or appearing as a dominant posterior rhythm.

A possible pathophysiological explanation of the pecu-
liar appearance of a dominant fast theta rhythm in DLB
patients relies on the role of thalamic neurons, in the genesis
of different oscillatory states.'® One of the most impres-
sive network modulations in the brain is the one which
generates the transition from wakefulness to sleep and vice
versa. This event involves a high number of neurons and
yet may take a very short time to occur as the state transi-
tion from tonic gamma band-based cognition to the sleep
burst mode (characterized by global slow coherence). These
two states are mutually exclusive each other under normal
conditions.!®"-1%2 But there are situations, such as the state
dissociation,'®® or deafferentation syndromes, where a set

of neurons in the thalamus displays low rhythmicity in an
otherwise awake brain state.'*

It has been recently demonstrated that even in normal
conditions, extensive cortical territories remain activated for sev-
eral minutes after the thalamic deactivation at sleep onset, a situ-
ation that may be propitious to the development of hypnagogic
experiences so common during the wake—sleep transition.'®

There is therefore a close relationship among specific
thalamic neurons activity, their associated rhythms, and
different states of consciousness.

In dissociative states, a dysrhythmic state in a portion
of the thalamocortical system is trapped in spindle-like
activity, whereas the rest of the system remains in the usual
waking state.

A possible explanation is that such a dysrhythmic state
is the consequence of a disfacilitation or deafferentation.
Alternatively protracted inhibition, due to excessive inhibi-
tory input from globus pallidus or the pedunculopontine
nucleus (PPN) projection to the thalamic reticular nucleus via
abnormal slow cortical oscillations may be a driver.'®!

The role of PPN in alertness and wakefulness has also
been recently demonstrated in a PD patient who underwent
deep brain stimulation of the PPN.!'”> When the stimulator
was switched off, the patient experienced increased confusion
and worsening of cognitive performances.'”

Moreover, the presence of fast theta (ie, prealpha) rhythm
is thought to be generated in the medial pulvinar nuclei,!3%!%
which are connected with the parieto-occipital cortex, which
has been implicated in the genesis of specific clinical symp-
toms, such as VHs, and showing the presence of specific
abnormal EEG rhythms.

The relevant thalamic nuclei for the genesis of VH should
be medial pulvinar, the reticular relay, and anteromedial
nuclei. Idiotypic proprioceptive thalamic nuclei (ventral-
anterior [VA]; geniculate) could be unaffected in PD-DLB.
A recent work showed that lateral geniculate nucleus (LGN),
a visual relay center between the retina and visual cortex,
possibly involved in the genesis of VH, is unaffected in DLB
patients and therefore suggested that the early visual system is
relatively spared in DLB, which implies that upstream visual
structures may be largely responsible for the generation of
hallucinatory percepts.'®

Thalamic projections to the ACC include the anterome-
dial nuclei and medial pulvinar, and notably, a recent review
of the pulvinar functions suggests that loss of thalamocorti-
cal connectivity via this nuclei may explain fluctuations in
cognition'”” and hallucinations in DLB.!"

The first and the second hypotheses described so far are
mostly focused on the explanation of complex hallucinations,
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as endowed with narrative elements, and delusions. DMN
disinhibition, because of the loss of reality testing and insight,
could however represent also a possible background for
somatic delusions and for somatization manifestations of
PD and DLB.

Hypothesis 3
Somatic delusions and the driver
of psychogenic-functional abnormal

motor output

In functional, psychogenic, or somatoform disorders, the
motor manifestations should be accounted for. A recent
model of these disorders, defined under the umbrella term of
“hysteria” was a Bayesian model of hierarchical organization
of perceptions-motor outputs.”’

This model was developed from previous studies suggest-
ing that the human brain acts as a Bayesian system where
perceptions are integrated in a feedback/feedforward system
predicting the outcome of perception. The theory of condi-
tioned probability of Bayes was initially applied to explain
memory functions, suggesting that memory may represent
not just a passive collection of past events, but a demiurge
of new perceptions. The active role of memory presupposes
the existence of monitoring systems, the absence of which
may lead to the formation of abnormal prediction of the
outcome of perception and consequently to false perceptions.
It was hypothesized that a complex system based on reality
monitoring and confrontation of retrieved aspects of experi-
ence and actual perception may coexist as complementary
aspects of the Bayesian model.?”-186

Both these monitoring and confrontation systems can be
conceptualized as rapid, automatic, and relatively impenetra-
ble to reasoning, thus acting at a “preconscious” level. Both
are directly represented and have immediate affinity with
emotions and reward system but act with different timing.
The monitoring system may, in fact, represent a system acting
in a continuum, its function would be necessary and sufficient
in order to place perceptions into the context of “reality”; this
system may belong to the ACC.'¢71%® Confrontation systems
may instead work as “double check” systems sufficient but
not necessary for perception, and activity in regard to this
may be attributed to the DLPFC.”” Both these systems provide
the mechanism by which reality is perceived and disruption
of both these mechanisms may result in reality break up.

The Bayesian model applied to hysteria hypothesizes, in
human, the formation of an abnormal intermediate level of
prediction (called prior in the model) related to a sensation
or to a movement. This prior should be the induction of

Figure 6 Schematic representation of the habenula and its relationship with adjacent
structures.

Abbreviations: GP, globus pallidus; IN, interpeduncolar nucleus; OfC, orbitofrontal
cortex; RN, raphe nucleus; Sp, septum; Str, striatum; Th, thalamus.

the hysteric motor output, which is reinforced as “atten-
tional misdirection increases the precision of the abnormal
intermediate level prior and drives perception and/or action
consistent with it”.?’

While attentional misdirection can be attributed to DMN
decoupling, the ensuing motor output should be properly
defined.

Our hypothesis is that the ensuing motor output is the
complete or partial release of the archetypal “sham death”
reflex (thanatosis). This hypothesis is in agreement with
continuum theories linking hysteria and catatonia.?*%

We suggest that when the attentional misdirection, depen-
dent on DMN decoupling and entry into a psychotic state,
drives a motor output, this output should elicit the release of
the thanatosis reflex, which would consist of limited mani-
festations (hysteria) or complete manifestations (catatonia)
or intermediate conditions including the Ganser'®” and the
Cotard syndromes,®>'# once the psychotic state has found
its narratives.

The common path driving this motor output could be
located in the OF-habenular'® connections (Figure 6).

Notably, the Habenula,'®* which receives serotoninergic
and dopaminergic projections, is altered in PD, in parallel
with alterations of the basal OF pathway, its primary func-
tion is to suppress motor activity under stress conditions
(thanatosis)."%!*!

Conclusion

The unorthodox approach of our review study of PD psy-
chosis consists in the attempt to provide different perspec-
tives than the epidemiological—statistical scale score-based
dominant approach. In line with our conceptual and meth-
odological point of view, previous research studies have
highlighted the diagnostic inadequacy of many psychometric
assessment instruments (eg, statistically based self-rating
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scales) conceived as an obstacle!*>'** for detecting psycho-
logical symptoms in the clinical setting of neurology, clinical
psychology,'®> and psychiatry due to its lack of clinical
validity'® and sensitivity to change, as well as because of
its quest for homogeneous components (eg, Cronbach’s
coefficient alpha).!” Our review shows that the diagnostic
categories of mental disorders listed in DSM-5° and ICD-10°
(both classification systems still significantly influenced by
the psychometric principles)!?>” do not fully match the
clinical findings in parkinsonisms.

Moreover, we criticize the clinically reductive defini-
tions of the term psychosis in light of historical literature
and conceptualization categories: altered adherence to
reality checking, poor insight, and behavior monitoring is
the underlying definition that emerges from our review.
A comparison with descriptions of psychosis in PEP is pro-
vided to show that all the mental disorders recently described
in PD as a clinical novelty are in fact not new and have been
described in PEP.

PEP was considered by last century authors as a maladie
expérimentale, which allowed an insight into the organicity
of behaviors that were considered dependent on psychody-
namics or personality structures.'®

The psychosis appearing in PD and other parkinsonisms
may provide a similar insight into mechanisms of psychosis,
with the unprecedented advantage of having, today, imaging
tools that, appropriately addressed, may help to reveal the
underlying mechanisms.

In the discussion of psychosis, our attention is focused
on complex, paraphrenic hallucination, those endowed with
an intrinsic narrative, rather than to pareidolic illusions-
misinterpretations.

We suggest that the probable mechanism underlying
the production of complex narrative, untouched by reality
checking, is disinhibition of the DMN.

We review the studies showing increased activity/
connectivity of DMN in different parkinsonisms presenting
with psychosis.

We review the theories of DMN decoupling effects, with-
out hiding or dismissing the proposed conjectures aligning
DMN as the set of ego (ACC) and id (PCC).'*!

An aberrant homunculus seated in DMN, driving the
psychotic narratives, may emerge from our discussion as a
Cartesian image; rather than concealing this obviously para-
doxical representation, we suggest that it might represent a
good start to facilitate further debates.

We speculate on the potential role of thalamic altera-
tions and on the possible intrusion of dissociative status
in driving the DMN disinhibition. Finally, the presence of

alexithymia, psychogenic (functional) overlays, and catatonia
in parkinsonisms may have a Bayesian basis and highlight
the potential role of habenula in motor suppression.

Strengths and limitations

The major limitation of our study is that it reflects a personal
opinion of the authors who were trained to attribute para-
mount importance to the patient interview and therefore to
their thought content, rather than to rely solely on the statis-
tical output of neuropsychological test scores. Although in
neurology or psychiatry very few reports have focused their
research study directly on clinical judgment analysis,!*”!%
in daily clinical practice, when making an initial clinical
assessment of the patient, the experienced clinician is the
key for performing a clinically valid medical evaluation.!¥>'%
In the next step of the clinical assessment of the patient, a
detailed analysis of the symptoms and other clinical signs
needs to be integrated by using clinically valid indexes and
measures.'*>!* This scientifically based assessment method
combining the experienced clinician as a test of clinical
validity with the item response theory models?*! is defined
clinimetric approach.202-2%4

Thus, the review addresses peculiarly the narrative
reported by patients and tries to identify the anatomical
substrate for the narrative involved in hallucinations, delu-
sions, and somatic complaints. With this approach, relevant
information coming from the connectome theory-based
studies!03133:139.140205 mioht be overlooked, yet we impudently
stated that our approach was unorthodox, leaving to the
orthodox quantification the analysis of connectivity results,
which we consider proper of a parallel, and complementary
analytic approach.

The strength of our review, at least the one we would
like to highlight, is that it addresses a functional role of
DMN inside the limbic system, which we believe was not
sufficiently described in the overwhelming number of con-
nectivity studies.

By reviewing the findings of last century neuropsychia-
trists, we also hope to have reached the result of reminding
the reader of the concept that our current knowledge is con-
tingent on the legacy of those we often forget.
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The authors report no conflicts of interest in this work.
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