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Abstract

Background: With disease progression, patients with Parkinson’s disease (PD) may have
chronic visual hallucinations (VH). The mechanisms behind this invalidating non-motor
symptom remain largely unknown, namely because it is extremely difficult to capture
hallucination events. This study aimed to describe the patterns of brain functional changes
when VH occur in PD patients.

Methods: Nine PD patients were enrolled because of their frequent and chronic VH (>
10/day). Patients with severe cognitive decline (MMSE<18) were excluded. Patients were
scanned during ON/OFF hallucinatory states and resting-state functional imaging (rs-fMRI)
was performed. Data were analyzed in reference to the two-step method, which consists in:
(i) a data-driven analysis of per-hallucinatory fMRI data, and (ii) selection of the components
of interest based on a post-fMRI interview.

Results: The phenomenology of VH ranged from visual spots to distorting faces. First, at the
individual level, several VH-related components of interest were identified and integrated in
a second-level analysis. Using a random-effects self-organizing-group ICA, we evidenced
increased connectivity in visual networks concomitant to VH, encompassing V2, V3 and the
fusiform gyri bilaterally. Interestingly, the stability of the default-mode network (DMN) was
found positively correlated with VH severity (spearman’s rho = 0.77, p = 0.05).

Conclusion: By using a method that does not need online self-report, we showed that VH in
PD patients were associated with functional changes in associative visual cortices, possibly
linked with strengthened stability of resting-state networks.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative disease resulting from progressive death of
the dopaminergic neurons in the brainstem, particularly the pars compacta of the substantia
nigra. Besides the hallmark motor symptoms (rest tremor, hypokinesia, rigidity and postural
instability), PD patients have non-motor symptoms. Neuropsychiatric disorders are among the
most frequently reported non-motor symptoms, occurring in up to 60% of the patients
[Martinez-Martin et al., 2007]. Depression, anxiety, apathy and psychosis are the most
common. Visual hallucinations (VH) are the most typical psychotic symptom [Friedman, 2010].
Symptoms of VH usually form a continuum progressing with the course of the disease [Ffytche
and Aarsland, 2017]. Passage (feeling like something is passing at the outer visual field) and
illusions (mis- or distorted perception of an actual stimulus) are the most common symptoms
at early stage of PD. As the disease progresses, VH may be complex and formed, usually vision
of animals, people or objects. The scene is often stereotyped. The hallucinations usually ignore
the patient and disappear when approaching. They tend to occur in a low sensory
environment. Initially, insight is preserved. Later, it can be lost and contribute to the
development of delusions. Such experiences whose frequency ranges from 22 to 37%
[Fenelon and Alves, 2010], are often more chronic and cause more distress to patients and
their caregivers.

The mechanisms behind VH remain largely unknown. Since these symptoms may be
induced by medication (namely, dopamine agonists), dopaminergic pathways were
presumably involved, but not only [Fénelon et al., 2000] [Friedman, 2010]. A number of
studies have shown the benefit of acetylcholinesterase inhibitors [Burn et al., 2006] [Swann
and O'Brien, 2018], suggesting involvement of the cortical cholinergic pathway. Moreover,
visual dysfunction is frequent in patients with PD. Reduction in contrast sensitivity and color
discrimination due to degeneration of retinal dopamine receptors [Pieri et al., 2000]
[Diederich et al., 2009] have been described. A thinning of the retinal nerve fiber layer was
reported by optical coherence tomography in PD patients with visual hallucinations [Lee et al.,
2014]. Nevertheless, the contribution of these retinal phenomena to VH remains open to
discussion [Weil et al., 2016]. The structural and functional brain imaging studies showed
changes in visual and more high-functioning networks in PD patients suffering from VH
[Diederich et al., 2009; Shine et al., 2014]. By comparing the patterns of brain activation in
patients with and without chronic VH, some authors notably showed decreased activations in
both dorsal and ventral visual pathways in hallucinated patients [Lenka et al., 2015]. Despite
these important trait-imaging findings, a better understanding of the pathophysiology of
chronic VH in PD lacks a direct exploration of the brain changes associated with VH
occurrences (i.e., state or capture studies).

Because of the challenging nature of state explorations of hallucinations, only one
single-case study reported the results of a functional MRI (fMRI) scan performed in a 66-year
old PD patient with severe VH and who signaled their occurrence by pressing a button while
scanning [Goetz et al., 2014]. By comparing epochs with and without VH, these authors
observed an increased activation in bilateral cingulate gyri, and, in the right medial frontal,
and postcentral gyri, as well as the right thalamus and brainstem. Decreased activations were
also reported in the right primary visual cortex. The authors interpreted these patterns as



©CO~NOOOIA~AWNPE

supports for the “top-down” hypothesis of VH in PD, i.e. an impaired occipital-frontal signaling
which may give rise to misinterpretation of visual percepts.

Considering the paucity of state imaging data on VH in PD and because data-driven
approaches applied to fMRI (spatial independent component analysis, ICA) were in the same
time demonstrated optimal to capture hallucinations without a predefined temporal model
of brain activity in other disorders [Jardri et al., 2013] [Leroy et al., 2017], we present here the
first exploration of the functional activation/deactivation patterns concomitant to VH in a
sample of PD patients, using spatial ICA combined with a post-MRI interview.

Methods
Participants

Nine PD patients with chronic VH participated in the study between March 2014 and
August 2017. All met the UK Brain Bank criteria for idiopathic PD [Gibb and Lees, 1988] and
none was suffering from a neurological disease other than PD. They were outpatients of the
movement disorders clinic at the university medical center of Lille (CHU Lille, France). They
were invited to participate in the study if they had VH episodes occurring more than ten times
per day. All participants had normal or corrected-to-normal vision.

Patients with multisensory hallucinations, with severe cognitive decline (i.e., who
scored below 18 at the Mini Mental State Examination), those presenting a depressive
episode, those younger than 40 and older than 80 years or having contra-indications to MRI
were excluded likewise. All patients were scanned in the “ON-drug” state, after receiving their
usual doses of antiparkinsonian medication. Psychotropic and anti-parkinsonian treatments
needed to be stable during at least the last 30 days before inclusion.

All participants gave their informed consent to participation in the study, which had
been approved by the local institutional review boards (CPP Nord-Ouest IV, 2013-A00531-44).

Assessments

The general presence of VH was detected using the hallucination item of the
Neuropsychiatric Inventory-Clinician (NPI-C) [de Medeiros et al., 2010]. VH severity and
frequency were then rated with a Visual Analogical Scale and VH intensity with the University
of Miami Parkinson’s disease Hallucinations Questionnaire (UMPDHQ, [Papapetropoulos et
al., 2008]). At inclusion, patients' medications were recorded, and doses of antiparkinsonian
medication were converted to levodopa equivalent daily dose (LEDD) [Tomlinson et al., 2010].
The severity of motor symptoms was assessed by the Movement Disorders Society - Unified
Parkinson’s disease Rating Scale [Goetz et al., 2008] (MDS-UPDRS) (part Ill), and disease stage
by the Hoehn & Yahr score [Hoehn and Yahr, 1998]. Finally, the severity of depression was
qguantified using MADRS scores [Montgomery and Asberg, 1979]. Cognitive status was
assessed by the scores at the Mini Mental State examination (MMSE) [Folstein et al., 1975]
and the Mattis dementia rating scale (MDRS) [Mattis, 1976]. Hand dominance was determined
according to the Edinburgh Handedness inventory [Oldfield, 1971].

fMRI acquisition, preprocessing and procedure
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Patients were scanned during ON/OFF hallucinatory states on a 3T MRI scanner (Philips
Achieva). High-resolution 3D T1-weighted images were acquired with a magnetization-
prepared gradient echo sequence. Resting-state functional imaging (fMRI) was performed
with a T2*-weighted EPI sequence lasting 10 min. Patients were required to remain quiet,
awake with eyes closed.

Functional data were preprocessed using a slice-scan time correction, a 3D head-
motion correction, smoothing with a spatial gaussian filter (FWHM = 6.0 mm), a temporal
high-pass filtering with 2 sin/cos and linear trend removal. The anatomical data were
subjected to an intensity inhomogeneity correction algorithm, resampled to a 0.5 mm?3
resolution, and normalized to the MNI stereotactic space. Data from the head tissue,
subcortical structures, and cerebellum were then removed with the aim of advanced cortical
segmentation processing. This segmentation was performed at the gray/white matter and the
gray matter/cerebrospinal fluid boundaries. A boundary-based registration was finally used to
align the functional/anatomical datasets.

We referred to the two-steps fMRI hallucinations capture method, which was
previously developed to capture unpredictable events, such as auditory hallucinations in
schizophrenia [Jardri et al., 2013; Leroy et al., 2017]. Step 1 is the resting-state fMRI acquisition
during ON/OFF hallucinations periods. Step 2 occurs immediately after the MRI acquisition.
Using a standardized post-fMRI interview, each participant was asked to report all the sensory
experiences that occurred during scanning, including the number of events and their
approximate times of occurrence.

Data-analyses

Data obtained from step 1 were first blindly analyzed using spatial ICA
[Formisano et al., 2004]. Among the resulting independent components (IC), the most relevant
ones were firstly selected using the IC-fingerprint method [De Martino et al., 2007]. This step
allowed us to discard noise-related ICs (e.g., EPI susceptibility, motion artefacts, high-
frequency noise), with the aim to only retaining the components associated with a
neurophysiological source. Surviving IC were then compared to the post-fMRI interview data,
in terms of number of events, times of occurrence, and functional networks of interest (e.g.,
association visual areas). For an extensive description of the method, its reproducibility and
reliability, see [Leroy et al., 2017]. In addition, we generated group IC and their random-effects
evaluation using the self-organizing-group approach [Esposito et al., 2005].

Finally, we looked for an interaction between VH and spatial stability of a canonical
resting-state network, previously shown associated with hallucinations [Jardri et al., 2013;
Lefebvre et al., 2016], i.e., the default-mode network (DMN). To do so, the DMN goodness-of-
fit score (obtained by correlating individual DMN maps with a meta-analytic DMN template)
was correlated with VH severity.

The datasets generated during and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Results
Demographical and clinical characteristics

Among the nine selected patients, six had and three had not VH episodes during the
scan. Their characteristics are presented in Table 1. Data of two patients with VH during the
scan had to be discarded due to motion artifacts. At the end, analyses were performed on the
data from seven patients (four with and three without VH during the scan). The
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phenomenology of VH is described in Table 1. It ranged from visual spots to distorting faces
(4 episodes per scan and per patient on average).

fMRI analysis

Referring to the two-step method for hallucinatory-capture, we were able to identify
several VH-related components of interest at the individual-level. We notably observed a clear
clinical-functional relationship between the phenomenology of VH and the cortical areas
overactivated during hallucinatory experience. This is illustrated in Figure 1-A and B. At the
group-level, random-effects self-organizing-group ICA evidenced increased connectivity in
visual networks concomitant to VH, encompassing the striate cortex, and the lingual/fusiform
gyri, bilaterally (see Figure 1-C). Finally, the spatial stability of the default-mode network
(DMN) was found positively correlated with VH severity (Spearman’s rho = 0.77, p = 0.05-
Figure 1-D).

Discussion

By using the two-step method, a recently validated fMRI procedure that does not need
online self-report [Leroy et al., 2017], we showed that VH in PD are associated with functional
changes in associative visual cortices. Namely, the occurrence of VH was concomitant to
overactivations of the ventral visual pathways involved in object, animal or face recognition.
At the individual level, these per-VH activations correlated with the phenomenological
content of the hallucinatory experiences (e.g., overlap between the per-VH activation map of
a patient seeing faces and the fusiform-face-area described in the literature). This suggests
that VH in PD corresponds to dysfunctional activations of mental representations, a finding
also compatible with the fact that the connectivity between major components of the visual
ventral stream that mediates the transformation of visual signal into mental representations
was increased in VH [Milner, 2017]. Importantly, the severity of VH was found positively
correlated with stability of the DMN, suggesting that VH in PD could result from increased
strength of the DMN, hindering the attentional allocation to the external world. These results
are at the opposite of those reported by Goetz et al. when capturing VH in a unique PD patient
and contrasting periods with and without VH [Goetz et al., 2014]. Indeed, they observed
increased activation in several anterior regions of the brain and decreased activation in the
posterior brain regions associated with visual processing. Such discrepancies are difficult to
explain at this stage due to the use of different methodological approaches to capture VH:
event-related vs. resting-state design, contrast analysis vs. ICA (data-driven approach), one
single case vs. group analysis. As the patient had to perform a task in the up-mentioned case
report, attention was required. This may explain the increase in activation measured in many
frontal regions, the insula and the thalamus.

Our results fit into several current frameworks proposed to account for VH in PD
([Muller et al., 2014] for a review). Namely, they suggest that endogenous inputs predominate
at the expense of exogenous ones, as suggested by the activation, input, modulation model
[Diederich et al., 2005]. They also agree with the hypothesis of a disruption of information
processing across the attention networks [Shine et al., 2014]. Indeed, the strengthened DMN
spatial stability in PD patients with chronic VH could reflect the inability to switch from resting-
state activity to oriented attention toward a novel external stimulus. This agrees with Shine et
al. [Shine et al., 2015] who observed an increased engagement of the DMN with the primary
visual system when eliciting visual misperceptions in PD patients.
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As previously mentioned and although the approaches were different, such a
disruption in attention cortical networks was also suggested by Goetz et al. [Goetz et al., 2014]
who concluded that in PD patients with chronic VH, visual information could be misinterpreted
due to a supremacy of top-down processing. This clearly contrasts with findings obtained on
auditory hallucinations in schizophrenia, in which a disengagement of the DMN during
hallucinatory experience was evidenced [Lefebvre et al., 2016]. If confirmed, these results
would encourage to address more transdiagnostic candidate mechanisms of hallucinations in
future studies.

This study has some limitations. We first need to acknowledge a limited sample size.
This is due to inherent difficulties in recruiting PD patients with chronic VH able to rest during
the scan and report their hallucinatory experiences. To our knowledge, only one single-case
study previously reported VH capture in PD. Despite the fact that subjects were their own
control between ON/OFF VH periods, this limited sample-size also led to not control for
medications. The LEDD was quite variable and some patients, namely those without VH during
the scan, received anticholinesterase inhibitors. Although it was not possible to scan the
patient after medication withdrawal, we cannot fully exclude that the observed patterns of
brain activation have been influenced by dopaminergic and cholinergic drugs [Diederich et al.,
2009].

In conclusion, this is the first study capturing functional brain activity concomitant to
VH occurrence in a sample of PD patients. Our results suggest an imbalance between
internally-generated and externally perceived information at the roots of VH in PD.
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Figure 1 caption Click here to access/download;Figure;Figure 1 - caption.docx x

Figure 1. Functional Magnetic Resonance Imaging (fMRI) capture of visual hallucinations (VH) in patients with Parkinson Disease (PD). Cortical areas
overactivated during hallucinatory experience at an individual level in (A) patient (1) who saw distorted faces and exhibited an increased signal in bilateral
fusiform gyri (green) during VH, which nicely overlaps “face activation maps” from the literature (orange, NeuroVault deposit #58877); or (B) in patient (3),
who saw animal shapes and exhibited an increased signal in lateral occipital cortices (in green) during VH, which overlaps “cats activation maps” from the
literature (orange, NeuroVault deposit #58879). (C) At the group-level, ICA revealed increased connectivity in visual networks concomitant to VH,
encompassing the striate cortex, and the lingual/fusiform gyri bilaterally. (D) Spatial stability of the default-mode network (DMN), as measured with a
goodness-of-fit score was found positively correlated with VH severity.

Fusi: Fusiform gyrus; ICA: Independent Component Analysis; L/R: Left and Right side of the brain; Ling: Lingual gyrus; StC: Striate cortex; VAS: Visual Analogic
Scale.
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SUBJECTS PO1 P03 P05 P09 P04 P06 P08
HALLUCINATIONS DURING THE SCAN Yes Yes Yes Yes No No No
DEMOGRAPHIC
Sex F M M M M M F
Age (y) 69 70 68 77 68 57 77
Formal education (y) 14 8 10 8 8 11 8
CLINICAL
Disease duration(y) 13 9 14 20 4 12 18
MDS_UPDRS3 score 47 27 34 56 40 29 70
Hoehn & Yahr stage 3 3 2,5 3 2 3,5 5
Side of onset Right Right Left Left Right Right Right
MEDICATION
LEDD (mg/day) 1125 1218,7 912,5 1500 562,5 800 1122,5
Agonist LEDD (mg/day) 0 52 0 200 0 0 0
Cholinesterase inhibitor Yes No No No Yes Yes Yes
Antipsychotic No No No No No Yes No
VISUAL HALLUCINATION
UM-PDHQ visual modality (/14) 8 12 13 10 12 NA 12
VH frequency (0-10 VAS) 9 6,8 8,5 9,4 6,7 NA NA
VH severity (0-10 VAS) 1,4 2,5 6,8 0,9 2,6 NA NA
Loss of insight Partial No No No Partial No Partial
COGNITION
MMSE (/30) 19 25 24 25 19 23 21
Mattis DRS (/144) 135 133 136 135 116 117 125
NEUROPSYCHIATRIC
MADRS (/60) 6 8 6 18 10 15 12

PHENOMENOLOGY OF HALLUCINATIONS DURING THE SCAN
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Discontinuous | Continuous | Several Short
occurrences | passages of a NA NA NA
of more than | few seconds
Timing 10 sec throughout
throughout | the
the scan acquisition
Hallucinatory content Unreal people | Lines and Lights, faces, | Two people:
and objects, geometric shapes of amanand a
appearing forms. Static. | people or woman. NA NA NA
clearly, Square with | animals. Sometimes,
motionless, black lines Colored, looking like
colored. that has moving. they were
distortedto | Sometimes real. Moving.
look like a looking like
black cat's they were
head during | real.
the rest of
the
acquisition.

Table 1. Demographic, clinical features of the patients. Phenomenology of the hallucinations is also reported for the patients with visual

hallucinations during the scan.

MDS_UPDR3=Movement Disorders Society (sponsored)-Unified Parkinson’s Disease Rating Scale-Part Il (severity of motor symptoms); LEDD=
Levodopa equivalent daily dose; UM-PDHQ= University of Miami-Parkinson’s Disease Hallucination Questionnaire; VH= visual hallucination;
VAS=visual analog scale; MMSE= Mini Mental State Examination; DRS= dementia rating scale; MADRS= Montgomery and Asberg Depression

Rating Scale; NA=Non Available or Not Applicable.




