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I WAS ASKED TO DISCUSS 

 
•  Cognitive changes, 
•  Dementia, 
•  Psychosis  
•  Management of cognitive changes 
•  Management of psychosis 
•  Prevention of PDD & PDP 



OBJECTIVES 

• To review:  
•  PD with Dementia (PDD)   
•  PD with Psychosis  (PDP) 

• To discuss: 
•  Recurrent Complex Visual Hallucinations (RCVH’s) 
•  Extracampine Hallucinations (EH’s) 
•  Review possible causes 



OBJECTIVES 

• To highlight the role of the Default 
Mode Network  (DMN) 

• Review current and future treatment 
• Discuss prevention 



and is usually given in combination with L-aromatic amino acid
decarboxylase inhibitors (e.g., carbidopa and benserazide), which
prevent the conversion to dopamine in peripheral tissues and
facilitate the central action of L-DOPA. Another frequent choice for
PD is dopamine agonists that directly stimulate D2 (and D3)
receptors to alleviate parkinsonism (Fig. 3). These agents are
chemically classified into two groups, ergot derivatives (e.g.,
bromocriptine and pergolide) and non-ergots (e.g., ropinirole and
talipexole). Although the efficacy of these agonists is generally
similar, ergot derivatives are less selective to dopamine D2

receptors than non-ergots. In addition, they induce rare but
serious side effects such as retroperitoneal, pulmonary and
cardiac-valve fibrosis associated with chronic treatments with
ergot agonists (Samii et al., 2004; Somola, 2013). The dopamine D2

agonists are less effective than L-DOPA, but the D2 agonist
monotherapy can sufficiently control the symptoms of early PD.
Thereby, treatments generally begin with dopamine agonists for
early PD in younger or healthier PD patients while L-DOPA is
preferably used as an initial drug for older and frailer patients.
Most patients started on dopamine agonist therapy will need the
addition of L-DOPA usually in 5 years (Rascol et al., 2000).
Amantadine, which enhances dopamine release and weakly blocks
N-methyl-D-aspartate (NMDA) receptors, exerts mild antiparkin-
sonian effects and is sometimes used for initial therapy (Fig. 3).
Anticholinergic agents such as trihexyphenidyl and beperiden,
which block muscarinic acetylcholine (mACh) receptors, are
particularly effective for tremors and can be used in young PD
patients. However, the usefulness of mACh antagonists is limited
(especially in older patients) because they cause various adverse
reactions (e.g., intestinal constipation, urinary retention, tachycar-
dia and delusion) and worsen non-motor symptoms (e.g., cognitive
impairment) in PD.

Side effects of dopaminergic agents (i.e., L-DOPA, dopamine D2

agonists, amantadine) include nausea, orthostatic hypotension,

psychosis (e.g., hallucinations and delusion), somnolence and
sudden sleep attacks (Ohno, 2011; Samii et al., 2004; Somola,
2013). Nausea is a very common side effect especially during the
initial treatment and is treatable with peripheral dopamine D2

antagonists (e.g., domperidone and metoclopramide) which block
D2 receptors at the chemoreceptor-trigger zone of the medulla
oblongata. Antiparkinsonian agents often cause orthostatic hypo-
tension by activating D1 receptors located on the blood vessels.
Psychosis is rare in naive PD patients, but often induced by the
treatment with dopaminergic agents (i.e., drug-induced psychosis
in PD). In this regard, dopamine D2 agonists are more potent than L-
DOPA to cause psychosis. Drug-induced psychosis (e.g., hallucina-
tions, delusion and excitement) in PD is a serious side effect that
hampers the continuation of treatment (Goldman and Holden,
2014). Although low doses of second generation (atypical)
antipsychotics (e.g., quetiapine) are sometimes given, novel
treatments or drugs for PD psychosis are still a major unmet
clinical need (Fig. 3).

Long term treatment with L-DOPA often induces dyskinesia that
is complex involuntary movement disorders involving dystonic,
choreic and athetotic movements in the limbs, hands, trunk and
lingual–facial–buccal muscular systems (Fabbrini et al., 2007;
Ohno, 2011; Samii et al., 2004; Somola, 2013) (Fig. 3). Although
variability exists, the frequency of L-DOPA-induced dyskinesia is
reported at 30–80% (Fabbrini et al., 2007). The development of
dyskinesia is associated with several factors such as (1) an earlier
onset of PD, (2) longer duration of the disease, (3) longer duration
of L-DOPA therapy, (4) total L-DOPA exposure and (5) female
gender. Although the precise mechanisms are still unknown,
supersensitivity of dopamine receptors associated with the disease
progress and/or with repeated stimulation of dopamine receptors
by PD medications are thought to be important in the pathogenesis
of dyskinesia (Cheshire and Williams, 2012; Fabbrini et al., 2007).
L-DOPA-induced dyskinesia can be attenuated by reducing the

Fig. 3. Current medications for Parkinson’s disease and clinical unmet needs. Various dopaminergic agents including L-DOPA and dopamine agonists are widely used to the
treatment of Parkinson’s disease. Although these agents are generally effective for most symptoms of Parkinson’s disease, there are residual unmet needs, including a lack of
effectual medications for neurodegeneration, cognitive impairments, mood disorders (e.g., depression and anxiety), dyskinesia or psychosis associated with chronic
dopaminergic medications and motor fluctuation (e.g., wearing-off and on-off phenomena) in L-DOPA efficacy. mACh, muscarinic acetylcholine; MAO-B, monoamine oxidase-
B; COMT, catechol-O-methyltransferase.
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Unmet	  Needs	  in	  PD	  Treatment	  



• Why	  are	  hallucina@ons	  from	  non	  L-‐DOPA	  drugs	  like	  
amantadine	  and	  an@cholinergics	  the	  same	  as	  seen	  
with	  DA-‐s@mula@ng	  drugs?	  	  

• Why	  does	  effec@veness	  differ	  for	  some	  
an@psycho@cs	  (e.g.	  clozapine	  is	  effec@ve;	  que@apine	  
and	  olanzapine	  are	  not)	  when	  they	  all	  share	  an	  
affinity	  for	  the	  5HT2A	  receptors?	  	  

Friedman	  J.	  et	  al.	  EXP	  REV	  NEUROTHER,	  2016	  	  

Unanswered	  Q’s	  	  



• What	  is	  the	  rela@onship	  between	  dopaminergic	  
agents	  that	  cause	  psychosis,	  and	  pimavanserin	  which	  
does	  not	  affect	  dopamine?	  

• Why	  are	  hallucina@ons	  in	  DLB	  pa@ents	  without	  
medica@ons	  iden@cal	  to	  the	  hallucina@ons	  with	  
dopaminergic	  agents	  in	  people	  with	  PD?	  	  

Friedman	  J.	  et	  al.	  EXP	  REV	  NEUROTHER,	  2016	  	  

Unanswered	  Q’s	  	  



• Clozapine	  doses	  1-‐2	  orders	  of	  magnitude	  lower	  than	  
used	  in	  schizophrenia	  improve	  PDP	  without	  
worsening	  motor	  func@on	  

•  	  For	  unknown	  reasons,	  not	  likely	  related	  to	  
an@cholinergic	  effects,	  clozapine	  improves	  tremor,	  
oaen	  drama@cally.	  	  

Friedman	  J.	  et	  al.	  EXP	  REV	  NEUROTHER,	  2016	  	  

Unanswered	  Q’s	  	  



Unanswered	  Q’s	  	  

• Why	  does	  clozapine	  improve	  PDP	  but	  not	  
olanzapine	  or	  	  que@apine?	  	  

• Why	  is	  the	  DA-‐induced	  psycho@c	  syndrome	  
the	  same	  as	  that	  occurring	  in	  DLB,	  a	  
dopamine	  deficiency	  state?	  	  

	   	   	   	  	  
	  
	  

	   	   	   	  Friedman	  J.	  et	  al.	  EXP	  REV	  NEUROTHER,	  2016	  	  



•  Individuals with PDP/DLB are not fully 
“asleep” when they are dreaming 

• PDP/DLB patients behave like they are 
dreaming while they are awake 

• PDP/DLB pts “keep two sets of books” 
• Changes in the eye may be involved 

in hallucinations 

MY OBSERVATIONS 



COGNITION IN PD/DLB 



TIME COURSE  

Seminar
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levodopa-resistant symptoms of late-stage Parkinson’s 
disease contribute substantially to disability and are 
strong predictors of a need for admission to an 
institution and mortality.18

Risk factors
Parkinson’s disease is recognised as the most common 
neurodegenerative disorder after Alzheimer’s disease.19,20 
Prevalence of Parkinson’s disease seems higher in Europe, 
North America, and South America (estimated crude 
prevalence for all ages: 66–1500 per 100 000,21 111–329 per 
100 000,22 and 31–470 per 100 000,23 respectively) compared 
with African, Asian, and Arabic countries (estimated 
crude prevalence for all ages: 10–43 per 100 000,24 
15–119 per 100 000,25 and 27–43 per 100 000,26 respectively). 
The incidence of Parkinson’s disease ranges from 
10–18 per 100 000 person-years.27 Gender is an established 
risk factor, with the male-to-female ratio being approx-
imately 3:2.28 Ethnicity is also a risk factor for the disease. 
In the USA, incidence is highest in people of Hispanic 
ethnic origin, followed by non-Hispanic Whites, Asians, 
and Blacks.27 Age is the greatest risk factor for the 
development of Parkinson’s disease. The prevalence and 
incidence increase nearly exponentially with age and peak 
after 80 years of age.29,30 This trend has important public 
health implications; with an aging population and rising 
life expectancy worldwide, the number of people with 
Parkinson’s disease is expected to increase by more than 
50% by 2030.19

Other risk factors for Parkinson’s disease include 
environmental exposures (fi gure 2). Results of a meta-
analysis14 examining 30 diff erent potential risk factors 
identifi ed 11 environmental factors that signifi cantly 
altered the risk of Parkinson’s disease. The factors that 

Figure !: Clinical symptoms and time course of Parkinson’s disease progression
Diagnosis of Parkinson’s disease occurs with the onset of motor symptoms (time 0 years) but can be preceded by a premotor or prodromal phase of 20 years or more. 
This prodromal phase is characterised by specifi c non-motor symptoms. Additional non-motor features develop following diagnosis and with disease progression, 
causing clinically signifi cant disability. Axial motor symptoms, such as postural instability with frequent falls and freezing of gait, tend to occur in advanced disease. 
Long-term complications of dopaminergic therapy, including fl uctuations, dyskinesia, and psychosis, also contribute to disability. EDS=excessive daytime sleepiness. 
MCI=mild cognitive impairment. RBD=REM sleep behaviour disorder.
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Pain
Fatigue

MCI

Urinary symptoms
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Postural instability

Freezing of gait
Falls

Bradykinesia
Rigidity
Tremor

Fluctuations
Dyskinesia

Psychosis

Panel ": Rapid eye movement sleep behaviour disorder 
and Parkinson’s disease

Defi nition
Rapid eye movement sleep behaviour disorder (RBD) is a 
parasomnia characterised by abnormal or disruptive 
behaviours (eg, talking, laughing, shouting, gesturing, 
grabbing, punching, kicking, sitting up in bed), which occur 
during rapid eye movement sleep and are often related to 
dream enactment

Diagnosis
The International Classifi cation of Sleep Disorders (ICSD-2) 
diagnostic criteria for RBD9 requires overnight 
polysomnogram to document the presence of rapid eye 
movement sleep without atonia (ie, sustained or 
intermittent muscle activity measured by electromyogram) 
and to rule out mimics (eg, obstructive sleep apnoea, 
non-rapid eye movement parasomnia, seizure)

Treatment
RBD is primarily treated with clonazepam or melatonin at 
bedtime10

Signifi cance
RBD can be associated with sleep disruption or injuries to 
the a! ected individual or bed partner. Individuals with 
isolated RBD have an increased risk of developing a 
neurodegenerative disease (including Parkinson’s disease, 
Lewy body disease, multiple system atrophy): 18–35% risk 
at 5 years and 40–75% risk at 10 years;11–13 patients with 
Parkinson’s disease and RBD tend to have a disease subtype 
characterised by more severe autonomic dysfunction, gait 
impairment, and dementia

Kalia	  LV.	  Lancet	  2015;	  386:	  896–912	  



and RBD [24]. RBD is a parasomnia characterised by the
enactment of dreams (for example, punching, kicking,
shouting out) that often results in injury. Longitudinal
studies of RBD have shown that up to 93% of cases go
on to develop a synucleinopathy – PD, PDD, DLB or

multiple system atrophy, a clinically and pathologically
distinct non-LB synucleinopathy [25] – if followed up
for a sufficient number of years [26-28].
Retrospective studies have found that visual hallucina-

tions and RBD can be present in around one-half of
DLB cases prior to or around the onset of memory loss
[24,29,30]. Anxiety and depression were present in
around one-quarter of patients [24,29]. Retrospective
case–control studies have found that a history of depres-
sion [31] or delirium [23] prior to the diagnosis of
dementia is more common in DLB than AD, although
both delirium and depression are probably too common
in the normal older person to be useful biomarkers in
isolation.

Physical symptoms
Parkinsonism is a core feature of DLB, and may be a
presenting symptom in around one-quarter of patients
[24]. !Syn deposition in the olfactory bulb, brainstem
and peripheral nervous system in LB disorders is associ-
ated with a variety of physical symptoms, such as de-
creased sense of smell (hyposmia), constipation, orthostatic
dizziness and increased salivation [24].
Some noncognitive symptoms of DLB such as consti-

pation, hyposmia and postural dizziness can predate the
onset of memory impairment by years in DLB [29]. In
the earliest clinical phase of DLB, patients may therefore
be expected to present with one or, more probably, a
combination of these symptoms in mild form. Based on
the presence of these symptoms one could suppose that
a person has prodromal LB disease, even in the absence
of cognitive dysfunction, but given that these are

Figure 2 Nomenclature of Lewy body diseases. Parkinson’s disease dementia is diagnosed when cognitive impairment develops a year or
more after the onset of parkinsonism. Dementia with Lewy bodies is diagnosed when cognitive symptoms appear without parkinsonism or less
than 1 year after the onset of parkinsonism.

? Non-amnestic cognitive impairments
? Cognitive fluctuations (less common)

Cognitive

? REM sleep behaviour disorder
? Visual hallucinations
? Depression
? Delirium

Psychiatric / behavioural

? Parkinsonism
? Hyposmia
? Constipation
? Orthostatic hypotension

Physical

Figure 3 Examples of presenting symptoms of dementia with
Lewy bodies. REM, rapid eye movement.

Donaghy and McKeith Alzheimer's Research & Therapy Page 3 of 122014, 6:46
http://alzres.com/content/6/4/46



COGNITIVE DEFICITS IN PD  

• Most  patients with PD develop 
cognitive impairment over time.  

• By 20 years of disease duration, up to 
83% of patients develop dementia  

    Berlyand Y. et al. 2016 PLoS ONE 11(1) 

• Mean time from onset of PD to 
dementia is 10 years   

Baggio HC. CNS Neuroscience & Therapeutics 21 (2015) 793–801 .  



NON MOTOR SYMPTOMS 

nonmotor symptoms of PD include: 
• depression,  
•  sleep disturbance,  
•  sensory abnormalities,  
• autonomic dysfunction, and  
• cognitive decline 

D.T. Dexter, P. Jenner / Free Radical Biology and Medicine 62 (2013) 132–144 



PD WITH DEMENTIA (PDD) 

• PD pts with dementia (PDD) patients 
have: 
• reduced Q of L  
• Less independence,  
•  increased cost of care,  
• additional stress for families & 

caregivers.  

Berlyand Y. et al. 2016 PLoS ONE 11(1)  



•  DLB is best conceptualized as a dominant dementia 
syndrome with multiple pathologies that include 
Lewy bodies and AD  

•  In contrast to DLB, PD is a dominant movement 
disorder characterized by the presence of 
bradykinesia, rigidity, resting tremor, gait instability 
that is responsive to levodopa therapy  

Kim et al. Alzheimer's Research & Therapy 2014, 6:73 

DLB & PDD 



MCI/MILD NCD 



Feldman,	  L.	  Am	  J	  Ger	  Psych	  2005;13:8	  



PROGRESSION FROM MCI 

•  In general population studies, some MCI 
cases remain stable, or revert to normal 
cognition.  

• Reversion rates of 30–40% from MCI to 
normal cognition suggest MCI is not a stable 
diagnosis 

Hobson P. Int J Geriatr Psychiatry 2015 30: 1048–1055 



• A 2015 study examined PD patients with 
cognitive impairment over 16 years,  

•  > 90% progressed to PDD.  

•  This confirmed the findings of the Sydney 
Multicenter Study (2008)   
•  nearly all PD patients developed significant 

cognitive impairment or dementia. 
 

Hobson	  P.	  Int	  J	  Geriatr	  Psychiatry	  2015	  30:	  1048–1055	  

PROGRESSION FROM MCI 



PD-related cognitive deficits affect:  
• Attention  
• Executive function,  
• Memory,  
• Psychomotor speed ,  
• Visuospatial &  
• Perceptual abilities  
•  .  

COGNITIVE DEFICITS IN PD  

Baggio	  HC.	  CNS	  Neuroscience	  &	  Therapeu@cs	  21	  (2015)	  793–801	  .	  	  



DIFFERENCES FROM AD 

• DLB differs from AD by showing relative 
preservation of: 
•  Confrontation naming 
•  Recognition 
•  Short and medium term recall  

• DLB pts exhibit impaired : 
•  Verbal fluency 
•  Visual perception 
•  Performance tasks 

•  Pronounced  memory deficits are more 
characteristic of AD 



COGNITIVE DEFICITS IN PD 

•  There are two overlapping cognitive 
syndromes in PD with different clinical 
presentations, tx response, & prognosis  
•  Frontal-striatal executive deficits related to 

dopaminergic imbalances  
• posterior cortical syndrome, not related to 

dopamine deficiency, & more likely to 
progress to dementia  

Baggio	  HC.	  CNS	  Neuroscience	  &	  Therapeu@cs	  21	  (2015)	  793–801	  .	  	  



POSTERIOR CORTICAL SYNDROME 

• Posterior cortical syndrome is 
associated with: 
• A higher risk of dementia  
•  Impaired semantic fluency   
• visuospatial/visuoperceptual deficits  

Baggio	  HC.	  CNS	  Neuroscience	  &	  Therapeu@cs	  21	  (2015)	  793–801	  .	  	  



Rossor MN. Lancet Neurol 2010;9:793-806 

Normal Cognition 



PD with Dementia 
Rossor MN. Lancet Neurol 2010;9:793-806 





DIFFERENCES FROM AD 



PD WITH PSYCHOSIS (PDP) 



AWAKENINGS 

• Neurologist Oliver Sacks (1933-2015) wrote 
about the early trials of L-Dopa 

• He was among the first to recognize the side 
effects of L-Dopa treatment 

• His patient Leonard was the subject of a 
radio documentary ~1986 
•  It reenacted his experiences on L-Dopa and an 

emotional roller coaster of highs and lows 



AWAKENINGS 

• His medical reports, describing their 
“awakenings” on the drug, received very 
positive responses when published in The 
Lancet and JAMA.  

• Dr. Sacks reported that, within months, his 
patients experienced major side effects on 
L-dopa,  

DOIDGE	  N.	  The	  Globe	  and	  Mail	  Mar.	  28,	  2016	  	  



AWAKENINGS 

• He cautioned that these people may be 
sensitive “canaries in the coal mine,”  

• He suggested L-dopa might best be used 
with caution on more typical Parkinson’s 
patients.  

•  Some said he was “off his head,” and that 
no such side effects occurred.  

DOIDGE	  N.	  The	  Globe	  and	  Mail	  Mar.	  28,	  2016	  	  



AWAKENINGS 

• L-Dopa can increase or cause 
psychosis, but it is rarer than with other 
drugs 
• Pramipexole 
• Ropinirole 
• Pergolide 





PSYCHOSIS	  IN	  PD	  (PDP)	  

• A 12-year prospective study of 230  
individuals with PD found 60% of the patients 
developed psychosis,  

• Baseline predictors were: 
•  Higher age at onset of PD 
•  More severe parkinsonism 
•  Depression 
•  Higher use of antiparkinsonian medication,  
•  Presence of REM behavioral disorder (RBD)  

 
Starkstein	  SE.	  Curr	  Opin	  Psychiatry	  2012,	  25:468	  



PDP	  

• Hallucinations are the hallmark features of 
PDP, & DLB.  

• ~ 30% of drug-treated PD patients have 
visual hallucinations 

•  The lifetime prevalence of visual 
hallucinations is approximately 50%  
	  	  

	  
	  

	  
Friedman	  J.	  et	  al.	  EXP	  REV	  NEUROTHER,	  2016	  	  



PDP 

•  Symptoms range from mild visual distortions 
and the sense of a presence (extracampine 
hallucinations), to fully formed, complex 
hallucinations.  

• Visual images of people or animals are the 
most common type of hallucination 

• other sensory modalities may also be 
affected.  

 

Cooney	  JW.	  Curr	  Neurol	  Neurosci	  Rep	  (2016)	  16:	  49	  	  



PDP 

• Auditory hallucinations have been reported 
in 8 % of patients with PD psychosis (PDP)  

• Grandiose, religious, and/or persecutory 
hallucinations are rare in PDP.  

• Delusions are less common in PD and affect 
a subset of 5–30 % patients, but these fixed 
beliefs are often refractory to treatment.  

Cooney	  JW.	  Curr	  Neurol	  Neurosci	  Rep	  (2016)	  16:	  49	  	  



PDP 

Friedman	  J.	  et	  al.	  EXP	  REV	  NEUROTHER,	  2016	  	  

•  Delusions are usually paranoid in nature,  
•  Frequently of spousal infidelity or 

abandonment 
•  These are more stressful for caregivers than 

motor symptoms,   
•  Delusions are often cited as a precipitant for 

nursing home placement  



and research in the mental health field.
We also aimed to evaluate clinical factors
linked with the diagnosis of PD-associated
psychosis.

METHODS

Participants were recruited from the Move-
ment Disorders Clinic of the Hospital Santa
Marcelina of São Paulo, Brazil, which re-
ceives community referrals from several
catchment areas. From 2012 to 2014, con-
secutively referred patients receiving treat-
ment for idiopathic PD were selected for
further evaluation.

Patients were evaluated by a neurologist
who specialized in movement disorders to
confirm a diagnosis of idiopathic PD as de-
fined by the U.K. Parkinson’s Disease Society
Brain Bank clinical diagnostic criteria.15 A
structured clinical interview was conducted
to record demographic data, medical history,
and medication history. Participants were
evaluated using the second, third, and fourth
subscales of the Unified Parkinson’s Disease
Rating Scale (UPDRS). The first subscale of
the UPDRS was not used because many items
involve psychiatric symptoms thatmay present
as confounding factors in our analysis.16 PD
progressionwasmeasuredwith theHoehn and
Yahr scale.17 Activities of daily living were
measured with the Schwab and England
daily activity scale.18 Addenbrooke’s Cognitive Examination–
Revised (ACE-R) was utilized for global cognitive assess-
ment.19 Quality of life was assessed using the Parkinson’s
Disease Questionnaire.20 Sleep was assessed using the
Scales for Outcomes in Parkinson’s Disease,21 and diurnal
somnolence was measured with the Epworth Sleepiness
Scale.22 The National Institute of Mental Health (NIMH)
criteria for psychosis in PD were also used during the evalu-
ation.13 Determination of the clinical subtype of PD followed
guidance published by Jankovic et al.23 According to this
model and from the UPDRS items held in the “off” condi-
tion, we calculated tremor scores (sum of items 16, 20, and 21
divided by 9) and postural instability gait disorder (PIGD)
score (sum of items 13, 14, 15, 29, and 30 divided by 5) for each
patient. The division of tremor score by PIGD score pro-
vides a value to be interpreted as follows:#1 corresponds to
the postural instability and gait disorder subtype,.1 and#1.5
correspond to the undetermined subtype, and values .1.5
correspond to the tremor dominant subtype. The equiv-
alent L-dopa daily dose was calculated according to the
protocol by Tomlinson et al.24

Participants and a family member were separately eval-
uated by a psychiatrist who applied the Structured Clinical
Interview for the DSM-IV-TR and the Brief Psychiatric

Rating Scale (BPRS). Patients were classified as “psychotic”
if they met DSM-IV-TR criteria for a psychotic disorder due
to a medical condition–Parkinson’s Disease (293.8).25 As
specified by the manual, individuals were only included in
this category if their psychotic symptoms appeared after PD
onset and if these symptoms involved impaired reality test-
ing and/or represented significant distress.25 Individuals
who had psychotic symptoms according to NINDS criteria,
but did not meet DSM-IV-TR criteria for a psychotic dis-
order due to a medical condition, were classified as “sub-
syndromal.” Patients with a history of any psychotic disorder
before PD onset were excluded.

The diagnosis of dementia was made during neurologic
assessment and was aided by formal neuropsychological
testing by a trained neuropsychologist, following the PD
assessments recommendation for research settings by
the Movement Disorder Society Task Force on dementia
in PD.26 Neuropsychological testing included visual
and verbal memory, constructive ability, and attention/
executive function. Visual and verbal memory was as-
sessed with the Visual Reproduction and Logical Mem-
ory subtests of theWechsler Memory Scale–Revised and the
Rey Auditory-Verbal Learning Test. Constructive ability was
tested with the Block Design subtest–WAIS and the Rey

TABLE 1. Criteria Used for PD-Associated Psychosis According to DSM-5 and the
NINDS, NIMH Work Groupa

Criteria for PD-Associated Psychosis

NINDS, NIMH Work Group: Proposed Diagnostic Criteria for PD-Associated
Psychosis
A. Characteristic symptoms

Presence of at least one of the following symptoms:
Illusions
False sense of presence
Hallucinations
Delusions

B. Primary diagnosis
U.K. Brain Bank criteria for PD

C. Chronology of the onset of symptoms of psychosis
The symptoms in criterion A occur after the onset of PD

D. Duration
The symptom(s) in criterion A are recurrent or continuous for 1 month

E. Exclusion of other causes
The symptoms in criterion A are not better accounted for by another cause of
parkinsonism, such as dementia with Lewy bodies, psychiatric disorders such
as schizophrenia, schizoaffective disorder, delusional disorder, mood disorder
with psychotic features, or a general medical condition including delirium

DSM-5: Psychotic Disorder Due to Another Medical Conditionb

A. Prominent hallucinations or delusions
B. There is evidence from the history, physical examination, or laboratory findings

that the disturbance is the direct pathophysiological consequence of
another medical condition

C. The disturbance is not better explained by another mental disorder
D. The disturbance does not occur exclusively during the course of a delirium
E. The disturbance causes clinically significant distress or impairment in social,

occupational, or other important areas of functioning
a NIMH, National Institute of Mental Health; NINDS, National Institute of Neurological Disorders
and Stroke; PD, Parkinson’s disease.

b Reprinted from American Psychiatric Association: Diagnostic and Statistical Manual of Mental
Disorders, 5th ed. Washington, DC, APA, 2013. Copyright © 2013, American Psychiatric
Association. Used with permission.
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HALLUCINATIONS 

• The hallucinations are stereotypic: 
• Typically visual and have no emotional 

content  
• Usually involve people or pet animals,  
• Typically ignore the patient  

Friedman	  J.	  et	  al.	  EXP	  REV	  NEUROTHER,	  2016	  	  
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EXTRACAMPINE HALLUCINATIONS 

• Previously quoted figure in literature 
was ~16% “sensed presence” 

• Recent survey found 50% of 
respondents had them 
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EH 3x > RCVH’s 

FIGURE 2 | Prevalence of hallucinations. (A) Extracampine hallucinations (EH), “feeling or imagining a presence” versus a “feeling of movement”; (B) Prevalence 
of EH and visual hallucinations (VH).
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reported both symptoms, 50.4% (208/413) experienced either 
a “feeling of movement” or had “felt or imagined a presence” 
(Figure 2).

Predictors of EH
Neither age nor gender was predictors for the occurrence of 
EH (Table 2). Mean disease duration did not di!er signi"cantly 
between the EH and non-EH groups (p = 0.158), but those with 
EH were more likely to have a higher Hoehn and Yahr Stage 
(p = 0.002) (Table 2).

Characteristics of EH
Extracampine hallucinations were more likely to occur alongside 
rather than directly in front of or behind the person experiencing 
them (p < 0.001) (Table 3). Although EH did lateralize to the le$ 
or right in 47.0% (78/166) of cases this was a non-signi"cant "nd-
ing (p = 0.438) with a similar proportion of respondents (53.0%, 
88/166) stating either that there was no le$/right pattern or that 
they had not noticed such a pattern. Of the 47.0% (78/166) that 
did lateralize more were reported on the right side but this did not 
reach statistical signi"cance (p = 0.070).

Extracampine hallucinations were more likely to feel “unfa-
miliar” than “familiar” (p = 0.001) and seemed to be emotional 
neutral experiences making people feel neither happy nor sad 
(p < 0.001), and neither pleasant nor unpleasant, whether they 
had reported “a feeling of movement” (p < 0.001) or the “sense of 
a presence” (p < 0.001) (Table 3).

Timing of EH
In those who reported EH these were o$en recently experienced; 
81.6% (151/185) of those who reported a “feeling of a movement 
passing them” and 72.3% (73/101) of those who reported a 
“felt or imagined presence” had experienced this phenomenon 

within the previous three months. EH were not associated with 
a particular time of day (morning/a$ernoon/evening/night) 
(p < 0.001).

Relationship Between EH and Other 
Symptoms Associated with PD
Extracampine hallucinations co-existed with other PD symptoms. 
Of those who reported EH, 75.5% (77/102) also had anosmia, 
73.3% (74/101) reported a decline in their memory or thinking, 
72.5% (74/102) had restless sleep, and 77.4% (27/35) had experi-
enced a change in their balance or walking.

%e onset of anosmia, memory decline, and sleep disturbance 
were all more likely to precede the onset of EH in our cohort 
(p  <  0.001, p  =  0.002, and p  =  0.002, respectively), but there 
was no clear temporal relationship between the onset of EH and 
the onset of motor symptoms (p = 0.221) in line with the above 
"nding of a lack of association between EH and disease duration 
(Table 4).

Relationship Between EH and VH
In 52.8% (19/36) of reported cases, EH onset was described as 
occurring around the same time as VH, with 25% (9/36) and 
22.2% (8/36), respectively, reporting EH onset before and a$er 
VH onset. %is "nding reached statistical signi"cance (p = 0.046) 
(Table 4).

A major overlap was observed between those reporting VH 
and those reporting EH (Figure 2); 85.9% of those with VH also 
had EH. %ose who reported EH were signi"cantly more likely 
to report VH (26.6%, 55/207) than those who did not report EH 
(4.4%, 9/204) (p < 0.001) (Table 4). About 37.0% (152/411) of all 
respondents reported EH but no VH, and 2.2% (9/411) reported 
VH but no EH (Figure 2).
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TABLE 1 | Questionnaire items as posed to participants.

Modified Hoehn 
and Yahr score

Parkinson’s disease progresses through five stages, called “Hoehn and Yahr” stages. Please indicate which of the five statements below best 
describes your status at the moment

 1. I have symptoms on one side of my body only

 2. I have symptoms on both sides of my body but no problems with balance or walking

 3. I’m having problems with my balance and walking

 4. I can still stand and walk but with great difficulty

 5. I cannot stand or walk independently; I need help or a wheelchair
Illusions   Q1.  Have you ever looked at something and thought it was something else altogether?  

(For example: spots on the wall looking like insects or a lampshade cover being mistaken for a person.) Yes/No

EH: feeling of a 
movement

  Q2.  Have you ever experienced a feeling of movement past you when there was nothing there to account for this feeling?  
(Some patients report a sensation that something has !ashed past them, out of the corner of their eyes.) Yes/No

  Q3. Where was the feeling of movement in relation to you? Front/Behind/To the side
  Q4.  If to the side, do they occur more on the left or the right?  

Mostly on the left/Mostly on the right/There is no pattern/I have not noticed a pattern/Does not apply
  Q5. Are these experiences more common at a particular time of day? Morning/Afternoon/Evening/Night/There is no pattern

EH: feeling of a 
presence

  Q6. Have you ever felt of imagined a presence either behind or alongside you when there was nothing there to account for this feeling? Yes/No
  Q7. Do you feel as though this presence is human, animal or other? Human/Animal/Other
  Q8. Is the presence familiar to you? Yes/No
  Q9. Does the presence ever speak to you or make another noise? Yes/No
Q10. Does the presence ever touch you? Yes/No
Q11. Are these experiences always the same? Yes/No
Q12. Have any of your medications ever made these experiences better OR worse? Yes/No
Q13.  If you have ever taken any of the following medications* please indicate how they affected these experiences.  

Improved symptoms/Worsened symptoms/No effect on my symptoms/I have never taken this medication
Q14.   If you have ever taken any other medications for your Parkinson’s disease, please indicate what these were and how they affected these 

experiences
Q15. Do you have a reduced sense of smell? Yes/No
Q16. Have you noticed a decline in your memory or thinking? Yes/No
Q17. Have you noticed a change in your ability to walk or maintain balance? Yes/No
Q18.  Have you noticed that your sleeping has become more restless or disturbed? Yes/No
For questions 15–18, if the answer was yes participants were also asked
Q19. Did you notice this before or after you FIRST noticed the presence? Before/After
Q20. Are you able to estimate how much time passed between noticing this and first becoming aware of a presence? Yes, I can/No, I cannot
Q21. If yes, please estimate this period (in days, weeks, months, or years)

VH Q22.  Have you ever SEEN things that were not really present or that other people could not see?  
(For example, some patients report seeing animals or children that others cannot see.) Yes/No

Q23.  If you answered YES, when did this occur in relation to feeling/imaging the sense of a presence?  
Before/After/They occurred at the same time/I am not sure which occurred "rst

Q24. If you answered BEFORE or AFTER please estimate this period (in days, weeks, months or years)
Q25.  How often do you see things that are not really present or that other people cannot see?  

Less than once a week/At least once a week/Several times a week
Q26.  What do you generally see during these episodes? The images are not fully formed/I see adult beings/I see children/I see animals or 

insects/I see shadows that may sometimes move/I see other everyday objects
For each type of hallucination (EH and VH) the following questions were asked
Q27.  When was the last time this happened? Within the last week/Within the last month/Within the last 3 months/Within the last 6 months/More 

than 6 months ago
Q28. These experiences are: Pleasant or reassuring/Unpleasant or frightening/Neither
Q29. These experiences make me feel: Happy/Sad/Neither

Sleep Q30. I sometimes have very vivid dreams Yes/No
Q31. I have been told that I kick and/or punch in my sleep Yes/No
Q32. I have been told that I shout, swear or laugh in my sleep Yes/No

In addition to the potential responses listed, participants were also able to skip the question.
*Co-careldopa, Co-benyldopa, Stalevo, Rotigotine, Pramipexole, Ropinirole, Benzotropine, Trihexyphenidyl, Selegiline, Rasagiline, Entacapone, Amantadine, Rivastigmine, Donepezil, 
Galantamine.
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resident in the United States or United Kingdom with others 
living in Europe, Canada, Australasia, South America, and the 
Middle East. !e mean Hoehn and Yahr score was 2.11 (SD 0.99, 
range 1–5) with 94.9% (391/412) of participants reporting a 
score between 1 and 3. Mean disease duration was 7.3 years (SD 
5.0 years, range 1–29 years).

Prevalence of Hallucinations
About 33.9% (140/413) of respondents reported illusions 
and 15.5% (64/412) had experienced VH. More than half of 
respondents reported EH; 45.9% (190/414) reported a “feeling of 
movement” passing them and 24.6% (102/414) reported “feeling 
or imaging a presence that was not truly there.” Given that, 20.3% 
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resident in the United States or United Kingdom with others 
living in Europe, Canada, Australasia, South America, and the 
Middle East. !e mean Hoehn and Yahr score was 2.11 (SD 0.99, 
range 1–5) with 94.9% (391/412) of participants reporting a 
score between 1 and 3. Mean disease duration was 7.3 years (SD 
5.0 years, range 1–29 years).

Prevalence of Hallucinations
About 33.9% (140/413) of respondents reported illusions 
and 15.5% (64/412) had experienced VH. More than half of 
respondents reported EH; 45.9% (190/414) reported a “feeling of 
movement” passing them and 24.6% (102/414) reported “feeling 
or imaging a presence that was not truly there.” Given that, 20.3% 
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CHOLINERGIC FACTORS 

• An acetylcholine deficit appears to 
correlate with tendency to visually 
hallucinate 

• VH’s are associated with ê’d muscarinic 
Ach activity in the temporal and frontal 
cortex  

•  These areas may be hypometabolic on 
neuroimaging 

Friedman	  J.	  et	  al.	  EXP	  REV	  NEUROTHER,	  2016	  	  



CHOLINERGIC FACTORS 

• Cortical AChase activities are significantly 
ê’d 

•  -27.8 % in DLB   
•  - 8.2 %  in AD   
• DLB patients showed more profound 

cholinergic decline in almost all cortical    
areas compared with AD. 
 

Shimada	  H.Int	  J	  Geriatr	  Psychiatry	  2015;	  30:	  1105–1113	  



VH’s Correlate with ↓ AcH  in Inferior Temporal Cortex 

Collerton	  D.	  Behav	  &	  Brain	  2005;28:737-‐794.	  





CHOLINERGIC FACTORS 

• Pts with acetylcholinergic deficits generally 
do not see simple VH’s 

•  They usually c/o: 
•  Complex, mundane figures 
•  Illusions & fully formed VH’s 
•  Extracampine (sensed presence) hallucinations  
•  Multimodal hallucinations  
•  Delusional elaboration 

ffytche	  DH.	  Dialogues	  CNS	  2007;9:173-‐189.	  



Ffytche	  DH.	  Dialogues	  CNS	  2007;9:173-‐189.	  



 RCVH’S 

• when a PD patient develops VH, plaques 
and/or neurofibrillary tangles may have 
developed.  

• VH’s may predict concomitant AD/PD 
pathology even when criteria are not met 
for a second diagnosis.  

Jacobsen	  S.Parkinsonism	  Relat	  Disord.	  2014	  September	  ;	  20(9):	  1009–1014.	  



bodies was also described by Kosaka et al. (1980). By
1990, Kosaka and two independent groups of researchers
described similar disorders of dementia in the context of
parkinsonism and Lewy body pathology, but named the
conditions differently: “diffuse Lewy body disease”
(Kosaka 1990); “senile dementia of the Lewy body type”
(SDLT; Perry et al. 1990); and “Lewy body variant of
Alzheimer’s disease” (LBV-AD; Hansen et al. 1990).
Individuals with SDLT or LBV-AD had cortical and
brainstem Lewy bodies and amyloid plaques (seen in
Alzheimer’s disease; AD). DLB encompassed three sub-
types of Lewy body disease: a brainstem-predominant
distribution of Lewy bodies defined PD, whereas additional
Lewy body pathology in limbic and cortical regions defined
LBV-AD and senile dementia of the Lewy Body type. The
variable presence of amyloid plaques also formed the basis
of two distinct pathological subtypes: the Common form
(about 75% of cases) with mixed Lewy body and amyloid
pathology, and the Pure form, with only Lewy body
pathology. Figure 1 provides a schematic representation of
the relationship between various pathologic features, the
Lewy body diseases, and Alzheimer’s disease.

One reason why a grasp of early terminology is
important is that it is likely that variability in definitions,
clinical diagnostic and pathologic ascertainment criteria and
methods over time probably account for a substantial
proportion of the inconsistency in neuropsychological
contrasts between AD and DLB. The frequent overlap of
Lewy body (PD) and amyloid (AD) pathology also clarifies
why early neuropsychological studies sought to differenti-
ate AD and DLB, whereas DLB vs. PDD comparisons are
of much more recent origin, growing in number only since
the biological commonality (i.e., an !-synucleinopathy) of
DLB and PDD came to light. The change over time in
diagnostic and pathologic criteria of DLB also needs to be
borne in mind as a potential confound when reviewing

prevalence and incidence estimates of the Lewy body
dementias.

Diagnosis

Given the biological commonalities among DLB and PDD,
yet variability and differences in clinical presentation, the
DLB/PDD Working Group recently sought to clarify the
preferred or recommended terminology (Lippa et al. 2007).
Specifically, the group agreed to use the umbrella term
Lewy body disorders to refer to PD, PDD, and DLB and to
use the term Lewy body dementias to refer to PDD and
DLB. While the group proposed that a single Lewy body
disorder model is most useful for studying disease
pathogenesis, it acknowledged that the use of PD, PDD,
and DLB was warranted for clinical use.

The clinical distinction between PDD and DLB is also
supported and facilitated by the recent revision of clinical
diagnostic criteria for DLB (McKeith et al. 2005; Table 1)
and the recent formulation of separate diagnostic criteria for
PDD (Emre et al. 2007; Table 2). Probable criteria for PD
have been proposed in various forms (Gelb et al. 1999), but
the UK Parkinson’s Disease Society Brain Bank (Queen
Square) criteria (Hughes et al. 1992; Table 3) commonly
used in research studies form the basis (a core feature) of
the recent PDD criteria.

Epidemiology

Hospital-based clinic prevalence and incidence estimates of
PDD and DLB predominate over community-based studies
(which generally yield lower estimates), as do cross-
sectional rather than longitudinal studies (meaning that
many prevalence rates represent point-prevalence rather

 

  Brainstem            Limbic/Cortical            Amyloid              Neurofibrillary 
Lewy bodies      Lewy bodies             Plaques                    Tangles 

    Alzheimer
’
s  

       Disease 

                      Lewy Body Dementias 

     Parkinson s 
        Disease       

’

Fig. 1 Clinicopathologic
relations among Alzheimer’s
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in an increase in synaptic and metabolic neuronal activity; this
results in increased soluble A! levels in the CSF during the
sleep period, and subsequent increased A! aggregation and
deposition into plaques with attenuation in the normal A!
diurnal rhythms [15••]. Further, a decrease in SWS is associ-
ated with age-related atrophy of the medial prefrontal cortex
(mPFC) gray matter, which may also give rise to cognitive
deterioration and decline [17, 23••]. Although changes in the
sleep-wake cycle have been associated with markers for AD
pathology (e.g., amyloid deposition), the precise associations
between advancing AD pathology and sleep-wave cycle alter-
ations must still be further investigated [17, 23••].

An alternative explanation is that sleep changes are markers
of AD pathology rather than an initiating event in the cascade
of AD pathogenesis per se. This model suggests that many
changes occur during aging including brain atrophy (regional
atrophy in the mFPC) and changes in sleep parameters (e.g.,
increased wake after sleep onset, decreased sleep efficiency,
decreased SWS and increased incidence of various sleep dis-
orders). These factors interact within an individual with genet-
ic and environmental factors that ultimately determine an in-
dividual’s relative risk of and venerability to developing AD.
In a given individual, depending on the interplay of these other
factors, sleep will play a greater or lesser determinant in
whether that individual develops subsequent AD [15••].

Dementia With Lewy Bodies

Dementia with Lewy bodies (DLB) is an atypical Parkinso-
nian condition characterized as an alpha synucleinopathy with
the cardinal neuropathological finding of the Lewy body, a
neuronal inclusion composed of aggregated "-synuclein
[67]. Lewy bodies are found in the brainstem nuclei (limbic

and paralimbic) in both Parkinson’s disease (PD) and DLB;
however, Kosaka et al. have identified Lewy bodies in the
cerebral cortex and subcortical white matter of patients with
DLB, which do not necessarily demonstrate the characteristic
halo but do stain positive for "-synuclein and ubiquitin [67].
Typical clinical features of the condition include fluctuating
alertness, visual hallucinations and predilection to the develop-
ment of RBD and Parkinsonian motor symptoms with a de-
mentia characterized by both cortical and subcortical features.
It is the second most common form of dementia after AD and
accounts for 25 % of all dementias [68]. The prevalence of this
condition is estimated to be 0.7 % of the population over the
age of 65 years with a greater male predominance of the con-
dition, 1.9:1 [69–71]. Risk factors for the development of DLB
include advanced age, hypertension, dyslipidemia, and a car-
rier of one or more APOE 4 alleles [71–73]. As in PD, there is
a higher proportion of the CYP2D6B allele and mutations in
glucocerebrosidase 1 (GBA1), which are significant risk fac-
tors for DLB [74, 75]. In DLB, a greater heterozygous frequen-
cy of GBA1 exists than in PD, 3.5 versus 2.9 %, supporting the
notion that GBA1 mutations likely play an even larger role in
the genetic etiology of DLB than in PD [74, 75].

Sleep disturbances with nighttime sleep disruptions are
common in DLB, and in fact, are more common in DLB than
in AD patients [43]. Patients with DLB suffer moremovement
disorders during sleep and more daytime sleepiness [43]. In
patients with DLB, RBD may precede cognitive and motor
impairments by many years [70, 71, 73]. RBD is a REM
parasomnia that is strongly associated with alpha
synucleinopathies. It is demarcated by vivid, often frighten-
ing, quasi dream-enactments associated with motor behaviors
during REM sleep, which may result in injuries to the patient
or his/her bed partners [76]. The polysomnographic features
of RBD include abnormal muscle augmentation during REM
sleep (known as REM sleep without atonia) [76]. Key epide-
miological studies suggest that the majority of patients with
RBD are older men generally in the sixth or seventh decade of
life [59]. More recent longitudinal studies have suggested a
high rate of phenoconversion of patients with idiopathic RBD
(iRBD) to "-synucleinopathies such as PD, DLB, and multi-
system atrophy (MSA) [32, 43, 77–79]. Several markers of
neurodegeneration have been identified in RBD, including
cognitive impairments such as deficits in attention, executive
functions, learning capacities, and visuospatial skills [5, 32,
43, 62, 77–79]. Approximately 50 % of RBD patients also
present with features of mild cognitive impairment (MCI) [9,
62, 64, 77]. RBD has also been highly associated with cogni-
tive decline in PD [32, 77, 78, 80]. A previous study docu-
mented that 38 % of neurologically normal men older than
50 years with RBD subsequently develop a Parkinsonian dis-
order [81].

Of interest, the association of EEG slowing and the pres-
ence of MCI, which is frequently seen in the early stages of

Fig. 1 AD pathophysiology as a product of circadian dysregulation and
poor sleep: Recent data illustrates that the production of a soluble A!may
be relatively accelerated during sleep due to the reduced NREM SWA in
the context of aging and associated sleep disturbances (e.g., sleep apnea
or insomnia). Disturbed sleep results in an increased time awake during
the relative sleep period, and may link A! pathology with the
hippocampal-dependent cognitive decline [15••]

Curr Psychiatry Rep (2015) 17: 97 Page 5 of 11 97



MOLECULAR CROSSTALK 

•  Impaired sleep increases β-amyloid 
• Molecular crosstalk increases α-syn 
• Tau, A-β & α-syn co-catalyze each 

other 
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r = !"."#; P = .$%; precuneus r = ".&&; P = .'(; within each Lewy
body disease group, P > ."#) (eFigure & in the Supplement).
Consistent with this observation, % of '$ (&(.#%) of the Lewy
body disease cases with low [''C]PiB had ITG [')F]AV-'%#' bind-
ing exceeding that of all NC persons (Figure ( and eFigure ( in
the Supplement). Thus, high amyloid status was not neces-
sary for [')F]AV-'%#' binding in the cognitively impaired Lewy
body disease groups; however, small foci of cortical amyloid
were observed in & of these % cognitively impaired Lewy body
disease individuals with low amyloid levels (eFigure ( in the
Supplement).

Association of ROI Tau Deposition With Cognitive
Functional Impairment
Given the shared anatomy of tau pathology in the DLB and PD-
impaired groups, we aggregated these diagnostic groups to
evaluate the effect of tau on cognitive function. In the aggre-
gate DLB/PD-impaired group, performance on the CDR sum-
of-boxes scale was significantly correlated with both ITG SUVR
(r = ".*); P = .""*) (Figure !A) and precuneus SUVR (r = ".)&;
P = ."""&). Similarly, the MMSE score in the DLB/PD-
impaired group was significantly correlated with both ITG
SUVR (r = !".#$; P = ."( (Figure %B) and precuneus SUVR
(r = !".*+; P = .""#). Correlations were not significant in the
PD-normal and NC groups, where the range of the cognitive
functional measures was restricted.

When we analyzed the DLB and PD-impaired groups sepa-
rately using a general linear model containing all diagnostic
groups, we observed a significant interaction of ITG and pre-
cuneus SUVR with the diagnostic groups in their association
to the CDR scale sum-of-boxes score (P = ' , '"!%), with back-
ward elimination of nonsignificant age and educational level.
Specifically, higher SUVR was associated with greater impair-
ment on the CDR scale sum-of-boxes score in the DLB group
in the ITG and precuneus (P = ' , '"!%) and in the PD-
impaired group in the precuneus (P = .""'). In contrast, asso-
ciations were essentially flat for the PD-normal and NC groups.
Consistent with these findings, in a second set of general lin-
ear model analyses for MMSE, ITG and precuneus SUVR each
interacted with diagnostic group (P = ' , '"!% and P = ."', re-
spectively; age and educational level were nonsignificant). Spe-
cifically, a significant negative association between SUVR and
MMSE was observed in the DLB group (P < .""&) in both the
ITG and precuneus and in the PD-impaired group in the pre-
cuneus (P < .""'), whereas the association was flat for the other
groups.

Association of Amyloid Deposition
With Cognitive Function
Across the sample as a whole, [''C]PiB retention did not cor-
relate with the CDR scale sum-of-boxes score (r = "."$;
P = .*#) or the MMSE (r = !"."#, P = .$%), and within-group
correlations were also nonsignificant (P > ."# for each
group).

Figure 3. Tau Deposition and Its Relation to Amyloid Burden
Across the Diagnostic Groups
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[18F]AV-1451 retention was higher in the dementia with Lewy bodies (DLB)
group than in the Parkinson disease with normal cognition (PD-normal)
(P = .022, Wilcoxon rank sum test) and normal control individuals (NC)
(P = .004) groups. Similarly, [18F]AV-1451 retention in the PD group with
impaired cognition (PD-impaired) was higher than in the PD-normal (P = .03,
Wilcoxon rank sum test) and NC (P = .02) groups. Black circles (n = 4) designate
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(frontal-lateral temporal-retrosplenial, >1.15 SUVR); gray circles designate
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not complete [11C]PiB positron emission tomography. Four of the 6 cognitively
impaired Lewy body disease individuals with elevated [18F]AV-1451 binding
relative to NCs had low amyloid burden.

Figure 2. Surface Renderings of Group Contrasts
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SYSTEMIC LEWY BODIES 



LEWY BODIES ARE FOUND 
SYSTEMICALLY 

•  In addition to dopaminergic alterations, patients 
withα-synucleinopathy have involvement of: 

•  non-nigrostriatal brainstem nuclei,  
•  sympathetic,  
•  parasympathetic,  
•  enteric and pelvic plexuses,  
•  cardiac systems,  
•  submandibular gland,  
•  adrenal medulla, skin, &  
•  the retina  

Price	  DL.	  Scien@fic	  Reports	  |	  6:29523	  |	  DOI:	  10.1038/srep29523	  	  
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TRANSGENIC MOUSE RETINAL 
DEPOSITS 

www.nature.com/scientificreports/

6Scientific RepoRts�ȁ�ͼǣͿͻ�ȁ����ǣ�ͷͶǤͷͶ;Ȁ����Ϳͻ

of immuno-positive deposits in the optic nerve and accumulation of immunoreactivity in speci!c retinal cells33. 
Similarly, studies in ! -syn tg drosophila have shown considerable ophthalmologic alterations with retinal degen-
eration34. Moreover, mis-expression of Tau and ! -syn enhanced a rough eye phenotype and loss of dopaminergic 
neurons in drosophila models of tauopathy and synucleinopathy. "e authors of those studies concluded that 
interactions between ! -syn and Tau disrupt the organization of the cytoskeleton causing axonal transport defects 
and aberrant synaptic organization that contribute to neuronal dysfunction35.

We have previously shown that in this transgenic mouse model, expression of ! -syn::GFP under the control of 
the PDGF"  promoter results in the accumulation of ! -syn in the inner layers of the neocortex and limbic system 
and to a lesser extent in the striato-nigral system26. In fact, recent studies have demonstrated that such deposits 
in the neocortex can be imaged in real time by two-photon microscopy27,28. In addition, these mice display hip-
pocampal synaptic dysfunction, as well as behavioral impairments36. Together these !ndings suggest that the 
! -syn::GFP tg model might mimic some of the non-motor aspects of LBD6,37. In addition to the dopaminergic 
alterations, patients with LBD display ! -syn pathology that could involve non-nigral brainstem nuclei, sympa-
thetic, parasympathetic, enteric and pelvic plexuses, cardiac systems, submandibular gland, adrenal medulla, skin 
as well as the retina38.

Figure 4. !-Syn::GFP dot-like structures detected in the retinoscopy are retinal ganglion cells. 
 (A,B) Photomicrographs of para#n sections immunostained with an antibody against ! -syn in the non-tg 
mice revealed little to no immunoreactivity, while (C,D) in the ! -syn::GFP tg mice ! -syn immunostaining 
was present in the various layers of the retina with the strongest immunoreactivity detected in the INL and 
in the GCL. In the GCL, strong immunostaining was associated with the cell bodies and nucleus (inset). 
(E) Laser confocal microscopy analysis of retina whole mounts from non-tg mice revealed no detectable 
immunoreactivity for either ! -syn::GFP or ! -syn; while (F) the tg mice the ! -syn::GFP-positive cells were co-
labeled with the same antibody against ! -syn. RL, receptor layer; ONL, outer nuclear layer; INL, inner nuclear 
layer; IPL, inner plexiform layer GCL, ganglion cell layer. Bright-!eld scale bar =  70 µ m; Fluorescent scale 
bar =  40 µ m.

Price	  DL.	  Scien@fic	  Reports	  |	  6:29523	  |	  DOI:	  10.1038/srep29523	  	  
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‘hidden’ images in stable pictures, whereas non-hallucinators
see none (figure 1a) [4]. That is, susceptible patients see some-
thing that is not there—the very definition of a hallucination.

Although hallucinations occur in a number of neuropsy-
chiatric disorders, dissociations between visual perception
and external reality can also readily occur in healthy individ-
uals (e.g. in low light conditions or upon entering into the
early stages of sleep). Perhaps the most interesting example
of this phenomenon is in the case of mental imagery, whereby
an individual can voluntarily ‘bring to mind’ a vivid visual
experience of an item, without requiring that item to be pre-
sent [5]. The ability to imagine a visual image can also
directly impact on subsequent conscious experience [6]. By
simply imagining an object in the period prior to the brief
presentation of a perceptual binocular rivalry stimulus, the
dominant pattern in rivalry tends to match that imagined
[6]. That is, imagination is able to prime subsequent conscious
perception. This ‘top-down’ influence of mental imagery on
conscious experience suggests an intriguing commonality
with the current conceptual framework applied to visual hal-
lucinations in PD. However, to date, a specific role for mental
imagery in visual hallucinations has not been explored.

Here, we used these two objective perceptual tasks to explore
the role of imagery strength in the pathophysiology of visual hal-
lucinations in 19 patients with PD and 10 age-matched healthy
controls. Each individual performed the BPP and a mental ima-
gery task, along with resting-state functional magnetic resonance
imaging. Our objective was to directly test the hypothesis that the
strength of mental imagery would be related to visual hallucina-
tions as assessed by impaired performance on the BPP and

then use this information to interrogate patterns of functional
connectivity within the resting brain.

2. Material and methods
(a) Participants
Nineteen adults with PD (mean age ! 68.4 years; 70% males)
and 10 age-matched healthy controls (mean age ! 67.9 years;
70% males) were recruited from the Parkinson’s Disease
Research Clinic at the Brain and Mind Research Institute at the
University of Sydney. Demographic details for the patients
with PD are presented in table 1.

(b) Neuropsychological tests
Performance data are included in table 1. None of the patients
showed evidence of clinical dementia [7]. The Montreal Cognitive
Assessment (MoCA) was used as general measure of cognition [8]
and the Beck Depression Inventory (BDI-II) was used to assess for
the presence of affective disturbance [9]. To explore the role of atten-
tional set-shifting (the ability to shift attention between competing
targets), all patients performed the Trail Making Test (TMT) parts
A and B [10], allowing for the calculation of a difference
score (TMTB2A).

(c) Bistable percept paradigm
The BPP was programmed using EPRIME Software (Psychology Soft-
ware Tools, USA) and consisted of a battery of 40 monochromatic
images that were classified a priori as either stable or bistable
images [4]. As shown in figure 1b, bistable images contained two
or more interpretations (e.g. silhouette of faces within a landscape
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Figure 1. Relationship between mental imagery and visual hallucinations: (a) binocular rivalry—subjects view a different monocular pattern in each eye (right
eye ! horizontal stripes (red online); left eye ! vertical stripes (green online)), however their perceptual experience vacillates back and forth between the two; and
(b) BPP—participants view a series of monochromatic images and have to determine whether they are stable (e.g. a tree) or bistable (e.g. a tree with the silhou-
ettes of faces etched into the trunk). In our experiment, subjects spent 5 s imagining either pattern prior to a brief stimulus presentation, effectively priming the
conscious perception of the imagined stimulus; (c) there was a strong positive correlation (r ! 0.632, p ! 0.002) between impaired performance on the BPP
( y-axis—percentage of misperceptions) and the strength of imagery on binocular rivalry (x-axis—percentage of trials with strong influence of imagery of percep-
tion). The correlation remains significant after removing the single outlier; and (d ) hallucinators (PD ! VH) had higher mental imagery strength than healthy
controls (HC; t ! 2.1, p ! 0.046) and patients without hallucinations (PD 2 VH; t ! 3.2, p ! 0.006). (Online version in colour.)
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DEFAULT MODE NETWORK 

•  The Default Mode Network (DMN) is a “task-
negative” network which is active when 
individuals are at rest  

•  It is active in self-referential thoughts and 
visual memory retrieval  

•  In psychotic conditions, hallucinations are 
linked with dysfunction of the DMN  

Yao	  N.	  Human	  Brain	  Mapping	  2014;	  35:5658–5666	  (2014)	  



DMN 

•  This network is associated with high 
metabolic demands  

• Parts of it appear to use similar sugar 
metabolism as cancer cells 

•  This is also where β amyloid deposits first 
occur 
•  These are normally cleared in young healthy individuals 

especially during sleep 

•  If sleep is inadequate, more “debris” 
accumulates 



Default Mode Network (DMN) 

Source:	  Wikipedia	  



pathophysiological effects of visual misperceptions in PD, as
they do not rely solely on introspection and self-report. Impor-
tantly, the BPP is able to avoid this issue, providing an objective
measure of visual misperceptions and hallucinations in

susceptible patients with PD [4]. Together, these results suggest
that mental imagery and visual misperceptions (which we
demonstrate are strongly related to the presence of clinically
defined visual hallucinations) may be differing manifestations
of a similar neurobiological mechanism, with the former due to
a voluntary process and the latter the result of an involuntary,
pathological process.

Although visual misperceptions and mental imagery are
distinct phenomena, we provide evidence to suggest that
they share a common neurobiological mechanism. Namely,
both behavioural phenomena were predictive of increased con-
nectivity within the ventral attention and default mode
networks, as well as impaired connectivity between the ventral
attention, dorsal attention and visual networks (figure 2).
Consistent with previous predictions [3,6], these results
suggest that visual hallucinations arise in the context of
impaired coordination between exogenous attentional net-
works and the primary visual cortex, whereby attention
towards exogenous stimuli is less effective. Without the usual
exogenous attentional alerts to novel or unexpected stimuli,
ambiguities in visual processing might be rendered open to
exaggerated endogenous interpretations. Such an over-reliance
on internal interpretations might allow the evolution of small
ambiguities in visual processing to grow into more salient
and even autobiographical interpretations [7,18]. Importantly,
this mechanism is consistent with accounts of mental imagery
[5,8], which similarly propose that top–down influences over
primary visual cortex underlie the capacity to imagine visual
images [9,19]. Together, these results highlight the possibility
of a common neural mechanism underlying both visual
hallucinations and mental imagery.
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Figure 2. Impairments in within- and between-network connectivity associated with visual hallucinations and strength of mental imagery: (a) matrix where individual values
represent the strength of prediction (average Z score) of within- and between-network connectivity arising from a multiple regression utilizing both BPP error score and the
sensory strength of mental imagery; (b) individual Spearman’s correlations between strength of mental imagery and network connectivity measures; and (c) individual
Spearman’s correlations between BPP error score and network connectivity measures. The inset contains the key (in colour online) for displaying the statistical significance
of results for each analysis: multiple regression: dark orange – F2,16 . 3.6, p , 0.05 (denoted by **); F2,16 . 2.7, p , 0.10 (*); F2,16 , 2.7, p , 0.10; correlation: red –
r . 0.40, p , 0.05 (**); orange – r . 0.25, p , 0.10 (*); dark blue – r ,20.40, p , 0.05 (##); light blue – r , 20.25, p , 0.10 (#); grey – r , j0.25j,
p . 0.10. Key: DAN, dorsal attention network; DMN, default mode network; VAN, ventral attention network; VIS, visual network. (Online version in colour.)
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Figure 3. Putative neurological mechanism for visual hallucinations [2].
Abnormal connectivity between exogenous (dorsal attention network;
DAN—blue), endogenous (ventral attention network; VAN—red) and pri-
mary visual (VIS—purple) networks, along with increased connectivity in
ventral attention and default mode network (DMN—orange) predisposes
individuals with PD to hallucinate visual images. Although these connectivity
changes are strongly related to both imagery and visual hallucinations (R .
0.45, p , 0.05), individual connectivity scores are dissociable and strongly
driven by one or the other mechanism (dotted lines represent impaired path-
ways of neural communication). (Online version in colour.)
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TREATMENT 



2011 TX GUIDELINES FOR NMS 

•  The treatments that are efficacious for the 
management of non-motor symptoms are 
as follows:  

• pramipexole for the treatment of depressive 
symptoms,  

• clozapine for the treatment of psychosis,  
•  rivastigmine for the treatment of dementia,  

Seppi	  K.	  Mov	  Disord.	  2011	  October	  ;	  26(0	  3):	  S42–S80	  	  
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(ie, patients prescribed an AP may have had more severe PD
that predisposed to mortality, and we were unable to exam-
ine directly the severity of disease with this data set). As an
additional measure to account for this latter possibility, addi-
tional analyses that excluded those patients who died within
! weeks of initiation of AP treatment still showed a similar,
elevated mortality HR associated with AP exposure in "#$
days.

Future research should examine whether AP exposure is
also associated with excess morbidity, compare risks in pa-
tients with PD vs Alzheimer disease and dementia with Lewy
bodies, and determine whether clinical and demographic mod-
erators of mortality exist. The latter analyses will help to in-
form clinical care as clinicians weigh the potential benefits and
risks associated with AP prescribing to patients with PD. As new
APs are introduced for PD psychosis, such as pimavanserin,%&

whether they have a different mortality and morbidity risk pro-
file needs to be determined. If newer APs with significantly dif-
ferent mechanisms of action are not similarly associated with
increased mortality, this finding would more strongly impli-
cate existing APs as associated with the observed increased
mortality.

Conclusions

Given the more than %-fold increased mortality risk during '
months of AP exposure and limited evidence of their efficacy,
APs need to be used cautiously in patients with PD. Evalua-
tion for treatable comorbid medical conditions should be per-
formed, and attempts to decrease use of PD medications that
may contribute to psychosis should be considered.%# Off-
label use of APs (eg, for insomnia) should be discouraged.
Prescribing typical APs to patients with PD should be
avoided. Research efforts are needed to develop APs that are
efficacious but do not increase mortality risk in vulnerable
patients, to test cognition-enhancing medications for AP
properties (eg, cholinesterase inhibitors%(,)$), and to evaluate
structured nonpharmacologic approaches to manage psycho-
sis as has been done for behavioral symptoms in Alzheimer
disease.)"-)) Given that the incidence of PD is increasing
worldwide and that psychosis is very common% and distress-
ing to patients and caregivers,)! the development of
informed and improved treatment strategies for this condi-
tion remains a priority.
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Figure. Mortality Rates in Antipsychotic (AP)-Exposed
vs Non–AP-Exposed Patients
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Covariate-adjusted 180-day survival estimates by baseline AP treatment status
(intention-to-treat analysis) are shown. Graph is based on Cox proportional
hazards regression modeling without pairing.

Table 4. Individual AP Risks Relative to Quetiapine
in AP-Exposed Patients

Group HR (95% CI) P Valuea

Intention-to-treat analysis

Quetiapine fumarate 1 [Reference] NA

Haloperidol 1.85 (1.41-2.43) <.001

Other typical AP 1.54 (1.01-2.36) .047

Olanzapine 1.47 (1.20-1.79) <.001

Risperidone 1.30 (1.08-1.56) .006

Other atypical AP 1.23 (0.69-2.19) .49

Exposure-only analysis

Quetiapine 1 [Reference] NA

Haloperidol 2.33 (1.62-3.36) <.001

Other typical AP 1.39 (0.70-2.79) .35

Olanzapine 1.36 (1.01-1.83) .04

Risperidone 1.42 (1.11-1.82) .005

Other atypical AP 1.30 (0.58-2.89) .52

Abbreviations: AP, antipsychotic; HR, hazard ratio; NA, not applicable.
a Obtained from testing for the significance of the covariate estimates obtained

from the corresponding Cox proportional hazards regression model.
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•  The treatments that are likely efficacious for 
the management of non-motor symptoms 
are as follows:  

•  the tricyclic antidepressants nortriptyline and 
desipramine for the treatment of depression 
or depressive symptoms and  

•  these treatments are possibly useful.  
 
 

  

Seppi	  K.	  Mov	  Disord.	  2011	  October	  ;	  26(0	  3):	  S42–S80	  	  
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PIMAVANSERIN 

• Pimavanserin is a selective serotonin 5-HT2A 
inverse agonist without DA, NE, H, or ACH 
affinity,  

•  is now approved as a treatment for PDP 
•  In PD, the binding of 5-HT2A receptors is 

increased in the neocortex,  

Cummings	  J.	  Lancet	  2014;	  383:	  533–40	  



PIMAVANSERIN 

• With its receptor selectivity, 
pimavanserin was developed to 
provide antipsychotic benefit without 
the adverse effects of current 
antipsychotics.  

Cummings	  J.	  Lancet	  2014;	  383:	  533–40	  



PREVENTION 

•  Avoid risk factors 
•  pesticides,  
•  well water,  
•  ?amyloidogenic factors such as milk, foie gras 

•  Sleep 
•  Exercise 
•  Non diabetogenic diet 
•  ?meditation 
•  ?Vagotomy 



PROTECTIVE FACTORS 

• Cigarette smoking 
• Nicotine may have neuroprotective action 
• A-7 nicotinic agonists, for symptomatic 

treatment and neuroprotection are being 
investigated 

D.T.	  Dexter,	  P.	  Jenner	  /	  Free	  Radical	  Biology	  and	  Medicine	  62	  (2013)	  132–144	  



PREVENTION 

•  Caffeine intake also appears protective against the 
development of PD 
•  Men > women and  
•  exerts neuroprotective effects via adenosine A2a 

receptors (?)  
•  antihypertensives (notably calcium antagonists),  
•  NSAIDs 
•  Antilipidemics, (HMGCOA reductase inhibitors etc) 
•  exercise and controlling metabolic factors  

D.T.	  Dexter,	  P.	  Jenner	  /	  Free	  Radical	  Biology	  and	  Medicine	  62	  (2013)	  132–144	  



OTHER TREATMENTS 

• Mianserin and mirtazapine are 
antidepressants with 5-HT2A receptor 
antagonism similar to pimavanserin have 
reportedly improved psychosis symptoms in 
PD patients  

• 5-HT2A receptor antagonists may also 
benefit PDP. 

Meco	  G.	  Progress	  in	  Neuro-‐Psychopharmacology	  &	  Biological	  Psychiatry	  31	  (2007)	  311–313	  



The dopamine agonist apomorphine is not effective
orally owing to extensive first pass metabolism in the
liver. It was developed in the form of intermittent bolus
injections to rescuepatients fromsevere off-periods or as
a subcutaneous infusion for patients with frequent off-
periods. Both uses require continuous treatment with
the antiemetic domperidone to prevent nausea and
vomiting. Three small trials (n=56) documented the effi-
cacy and safety of intermittent injections of apomor-
phine, but only observational studies are available for
the subcutaneous infusion.3 Nevertheless, the NICE
guidelines approved both for use in treatingmotor com-
plications that are intractable to changes in oral therapy.
The NICE guidelines were prepared before the con-

tinuous infusion of a levodopa gel (Duodopa) directly
into the jejunum was licensed for the management of
severe motor complications. Small trials showed that
these infusions reduce off-periods and improve motor
function, activities of daily living, andquality of life.13 14

However, use of this gel infusion will be restricted by
cost—£30 000 (!45 000; $61 000) a year—and by the
need for a gastrostomy in potentially ill patients.

When should surgery be considered in advanced
disease?

Improved understanding of the neural mechanism of
Parkinson’s disease showed that the subthalamic
nucleus is overactive.15 This led to the development
of bilateral subthalamic stimulation surgery to switch
off this nucleus. There have been many uncontrolled
case series of such surgery but few randomised con-
trolled trials.3 16 These showed that subthalamic stimu-
lation reduces off-periods (and the associated
disability), so medication can be reduced, thereby
reducing dyskinesia. The NICE guidelines recom-
mend subthalamic stimulation for those patients with
motor complications refractory to best medical treat-
ment who are biologically fit, have no clinically signif-
icant active comorbidity, are responsive to levodopa,
and have no clinically significant active mental health
problems (depression or dementia).3 Questions still
remain about the long term safety of subthalamic sti-
mulation as depression and suicide may be more com-
mon; also, more information on cost effectiveness of
this expensive procedure is required. The ongoing
UKPDSURG trial (www.pdsurg.bham.ac.uk/) should
be able to answer these questions.

What are the non-motor features of the disease?
The motor features of Parkinson’s disease can be con-
trolled reasonably well in most patients with the mea-
sures outlined above. It is the non-motor features of the
disorder which now present the greatest management
challenge. Box 3 lists these non-motor features, many
of which may present in primary care.
The NICE guidelines found a paucity of treatment

trials for non-motor features.3What evidence therewas
related to mental health conditions, particularly
dementia. The trial evidence to support the efficacy
and safety of cholinesterase inhibitors for Parkinson’s
disease dementia was inadequate, and further trials are
required.3 The NICE guideline provides useful

Table 2 |Options for adjuvant therapy in later Parkinson’s disease

First choice
option

Degree of
symptom
control

Risk of side effects

Motor
complications*

Other adverse
events*

Dopamine agonists Yes Moderate Reduced Increased

Catechol-O-methyltransferase
inhibitors

Yes Moderate Reduced Increased

Monoamine-oxidase-B inhibitors Yes Moderate Reduced Increased

Amantadine No Not significant Reduced Increased

Apomorphine No Limited Reduced Increased

Adapted with permission from NICE.3

*Evidence of increased or reduced risk of motor complications or other adverse events.

Typical symptoms
• Delusions
• Hallucinations

Mild psychotic symptoms
in Parkinson's disease

may not need to be actively
treated if they are well

tolerated by patient and carer

Consider slowly
withdrawing the
anti-parkinsonian
medication that

might have
triggered pychosis
(for example, the
last drug added)

May need
to reduce

anti-parkinsonian
medication to
levodopa only

Typical
antipsychotic
drugs (such as

phenothiazines,
butyrophenones)

should not be used

Identify non-affective
psychotic symptoms

General medical evaluation to identify delirium
and to treat any precipitating condition

Explain the nature of
psychotic symptoms to

the patient and carer

• In the absence of dementia, clozapine can be used, but
   registration and monitoring are required
• Cholinesterase inhibitors have been used with success in
   some patients but are not licensed for psychosis and require
   further evaluation 

Fig 2 | Management of psychosis in Parkinson’s disease.
Adapted with permission from NICE3

Box 3 | Commonnon-motor features of Parkinson’s
disease

•Mental health problems—Dementia, depression,
psychosis, anxiety, apathy

• Falls and potential fractures

• Sleep disturbance—Hypersomnolence, rapid eye
movement sleep behaviour disorder, restless legs
syndrome, inverted sleep-wake cycle, nocturnal
akinesia

• Autonomic disturbance—Bowel dysfunction
(including constipation), dysphagia, weight loss,
dribbling of saliva, bladder dysfunction, sexual
dysfunction, postural hypotension, excessive sweating

• Pain—Disease related (dystonia), comorbid joint
disorders

CLINICAL REVIEW
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TX SUMMARY 



WHAT I DO 

•  Quetiapine 
•  Donepezil 
•  Trazodone 
•  Mirtazapine 
•  Citalopram 
•  ECT 



TAKE HOME POINTS 

•  Cognitive impairment occurs in nearly all patients 
with PD 

•  Visual hallucinations and sensed presence 
hallucinations are common 

•  Cholinergic deficits are implicated 
•  Tau & beta-amyloid co-pathologies contribute 
•  Network degeneration likely plays a role 
•  Clozapine and pimavanserin are the only proven 

treatment for PDP 
•  ACHEI’s are likely useful in DLB & PDD 


