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Abstract: Problem statement: Idiopathic Parkinson’s Disease (PD) has beingeasingly seen as a
neuropsychiatric entity and no longer purely neagaal, given the frequency and exuberance with
which the psychiatric manifestations occukpproach: This review will focus on the epidemiology,
clinical aspects, differential diagnosis with Alamer’'s Disease (AD) associated with parkinsonism,
Dementia with Lewy Bodies (LBD), Progressive Supicdear Palsy (PSP), Corticobasal Degeneration
(CBD), Multiple System Atrophy (MSA), Vascular Parkonism and normal pressure hydrocephalus
(NPN), underlying mechanisms and treatment of deiaém PD. A literature review of the studies that
investigated the dementia in PD was perforniResults: The dementia in PD has being increasingly
recognized as a distinct nosological entity. Althouspecific etiologies for cognitive impairment
remain unknown, a symptomatic treatment has beproaed and strategies for early intervention are
envisioned.Conclusion: Larger scale, placebo controlled clinical triate aeeded to be explored in
future studies to provide an evidence base to ghilenanagement in dementia associated with PD.

Key words: Corticobasal degeneration, dementia with lewy bedm@ogressive supranuclear palsy,
multiple system atrophy, Parkinson’s disease, Jascyarkinsonism, therapeutic
strategies, basal ganglia, clinical picture

INTRODUCTION traditionally linked to an essentially motor diserd
The cognitive symptoms in PD were classically
Neuropsychiatry has made progressive approacheweglected since its original description by James
to diseases of the central nervous system whidhtiea Parkinson, from which an erroneous culture was
movement disorders, either by frequent changes ofstablished in which cognitive functions remained
behavior in these entities (both in the form ofunchanged in the course of the disease. In the late
comorbidities as in the form of changes secondath¢ nineteenth century Charcot already anticipated,
pathological substrate in the basal ganglia), c& thhowever, that there is also cognitive impairment in
potential for pathophysiological explanations tbah be PD (Teiveet al., 2001; Lanska, 2010).
extrapolated from these basal ganglia disturbatces Nowadays it is already well established that
psychiatric disorders (for example, disorders oé th cognitive impairment and in particular dementiaPib
obsessive-compulsive spectrum) (Lyketsoa., 2007). are more frequent with aging, which, incidentattgn
Idiopathic Parkinson’s Disease (PD) has beingbe observed in general in other forms of demeiitie
increasingly seen as a neuropsychiatric entity mmd dementia associated with PD (PDD) has been widely
longer purely neurological, given the frequency andrecognized, justified in part by better understagdi
exuberance with which the psychiatric of dementia and therefore the most frequent
manifestations occurs, making more complex thediagnosis of this syndrome, but also because of
clinical picture and involving more differentiated increased survival of patients with PD (Poewe and
therapeutic strategies (Lyketsesal., 2007). PD is Wenning, 2006; Gellet al., 1999).
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The concept of subcortical dementia associate@s different from Alzheimer’'s Disease (AD), but hwit
with bradyphrenia and cognitive rigidity in PD is overlap with dementia with Lewy Bodies (LBD) and
known. For cognition in parkinsonian disorders,sthi the large group of parkinsonism plus. These cateri
notion developed into the concept of mild cognitiverequire confirmation in prospective studies of iclak
impairment and fronto-executive dysfunction in pathological correlation, in which the profile of
particular, driven  mainly by dopaminergic dementia is described in detail and correlated with
dysmodulation and manifesting as deficits in flékij potential types of pathology. The current evidence
planning, working memory and reinforcement learning suggests that dementia in PD is better correlatigldl w
However, patients with Parkinson’s disease coudt al Lewy bodies in certain limbic and cortical areas(E,
develop a syndrome of dementia that might depend 0B004; Shoulson, 1998).
non-dopaminergic, cholinergic cortical dysfunction This review will focus on the epidemiology,
(Kehagiaet al., 2010). clinical aspects, differential diagnosis with Alzner’s

A wide variety of cognitive impairments have Disease (AD) associated with parkinsonism, Dementia
been reported, even early in the course of theadise with Lewy Bodies (LBD), Progressive Supranuclear
including memory, visuospatial function and exeeaiti Palsy (PSP), Corticobasal Degeneration (CBD),
function. Mild cognitive impairment was found aldya  Multiple ~ System  Atrophy  (MSA),  Vascular
at the time of diagnosis in some patients in aidet ~ Parkinsonism and Normal Pressure Hydrocephalus
cohort of PD. There is some evidence that demémtia (NPN), underlying mechanisms and treatment of
merely a progression of this early cognitive impent, ~ dementia in PD.
while other evidence suggests a different profile i ) o o o
dementia with PD and non-demented PD patiemgpldemlplogy: The |r}c:|dence of dementia in PD is six
(Emreet al., 2007). times higher than in the general population and is

The most common definition for PDD has been thefumulative with ageing. In this regard, when with 8
presence of PD plus the DSM-IV criteria for dementi Y&&'s: the patient with PD will develop dementid%
This criterion involves abnormalities in memory e~ ©f cases (this chance seems to be independenteof th
other domain of cognition,functional decline retht® Increasing possibility of developlng dementia vatieing
cognitive deficit(s) and preservation of conscimsm observed in the general population) (Emre, 2003a).

Recently, the Movement Disorders Society (MDS) tasliDD The prevalence of dementia among the holders of

force defined core criteria for PDD as dementia -. 'S not yet well defined, with very qlfferent
L . . .. _estimates, ranging from 10-50%. The more widespread
syndrome having impairment in two or more cognitive

) ) ) . L average prevalence, however, is estimated aroufd 30
domains out of attention, executive, visuospatiatfion (Emre, 2003a). In a systematic review of 12 pravede
and memory (Martinez-Martiret al., 2011). Mostly, ! . Y P

. . _studies that met prespecified criteria for PD andatia
Possible PDD occurs when the neuropsychologpa]. PD including 1,767 PD patients, the proportidn o

profi[e in one or more of the cognitive domains 'Spp patients with dementia was 24.5% (95% CI 17.4-
considered _atyplcal (Kovaet al., 2003): ) i 31.5) (Aarslandet al., 2005). As a general rule,
The point prevalence of dementia in PD is close tG,qyever, the incidence and especially the prevaleric
30% and the incidence rate is increased 4-6 tinses gjementia in PD are still not clear and are repocted
compared to controls. The cumulative prevalence igery varied way according to the author considered.
very high, at least 75% of PD patients who surfre  The gap and the difficulty in establishing a uniforate
more than 10 years will develop dementia. The meahetween the various studies falls, in most casethé
time from onset of PD to dementia is approximatly precariousness of the definition of dementia more
years. However, there are considerable variatibhs. commonly accepted and used, one that incorporages t
most established risk factors for early dementeaad concept of dementia as a cortical syndrome, which
age, severity of motor symptoms, in particular pct  obviously not coincides with the subcortical deneent
and gait disturbances, mild cognitive impairmentl an characteristic of PD (Emre, 2003a).
visual hallucinations (Aarsland and Kurz, 2010). In one study was estimated the cumulative
The dementia in PD has being increasinglyprevalence of dementia in patients with PD folloviegd
recognized as a distinct nosological entity. Beeanfs eight years (Aarslancet al., 2003a). The reported
the confusion that surrounds this diagnosis, baban cumulative prevalence of dementia was high: 78% ove
need to propose operational criteria for the commorihe eight years of follow up. This work was coneukct
form of dementia associated with PD (Eneeal., in a group of 224 patients recruited from an
2007), whose profile has been repeatedly demoasitrat epidemiological survey of PD (for this study, suitfe
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with cognitive deterioration in the onset of thsetise authors (Braalet al., 2003) suggest an ascending order
were excluded). Compared with a sample populatfon oof PD pathological changes, which develops in some
3,295 people who were examined after 2 and 5 yearsusceptible types of neurons. It is reported tht t
the prevalence of dementia in 4 years was almeoséeth |esjons initially occur in some nuclei of brain stend
times higher in the group with PD and the prevadeinc  anterior olfactory nucleus and, after that, less
8 years was high: 78%. This study may have resitfted \nerable areas of cortical and subcortical nuale

an unexpectedly high prevalence because perhaps tfe,qually affected. Disease process in the brasmst

large number of patients who already had dementia &eems to follow an ascendant course, when the last

i 0, i i i . . . . . .
baseline (26% of the population included in .thecortlcal involvement begins with the anterior-média

research) and the relatively high age of theseepei temporal mesocortex and spreads to the neocortex,

This is, however, one of the few longitudinal segi . . L
. : S TS . starting with the pre-frontal and sensory assamiati
that used well-defined diagnostic criteria and detied areas. areas that are involved in cognitive fumstio
assessment tools. This study indicates that pagliaid Thi ' f d'l v Vh II fg ”\r/] bu e
PD itself is a risk factor for dementia. IS patt.ern.o ascending pa}t ology from the "‘"T"B
to the limbic and neocortical areas can provide a

The two most important risk factors for dementia erception on why coanitive changes apoear relative
in PD are age and severity of extrapyramidal sign$ P y €09 9 pp 3t

(Levy, 2007). Among other risk factors for the ate in classic PD (Peret al., 2003).

development of dementia in PD, we can mentioninica| and forms of presentation: Patients with PD

(Emreet al., 2007): can, theoretically, be affected by any and variouss
of dementia, as in the rest of the population. @&cu

* Advanced age however, a certain pattern of dementia associaféd w
 Beginning of PD in very old age PD which is presumably caused by the same types of
+ Cognitive functions already impaired in the initial pathophysiological changes that also cause motor
evaluation symptoms (Emre, 2004). Dementia associated with PD
* Rapid progression of the disease is characterized by (Poewe and Wenning, 2006):
 Low response to levodopa, with exuberant side
effects e Reduction or lack of initiative for spontaneous
» Early presence of hallucinations actions
»  Akinetic-rigid forms of the disease « Failure to develop successful strategies for proble
»  Severity of motor impairment solving

e Slowing of memory processing

Pathology and clinical-pathological correlations;The ¢  Slowing of global information processing
pathology underlying dementia in PD is still «+ Impairment of visual-spatial perception
controversial. Loss of cholinergic, dopaminergiadan ¢ Difficulties of conceptualization
noradrenergic innervation has been suggested as tlke Difficulty in list of words generation
main neurochemical deficits. The nigral patholotpna
is probably not sufficient to explain the develommnef All the features of dementia associated with PD
dementia in patients with PD (Braadt al., 2003). can be viewed in Table 1. The diagnostic criteda f
Although there are controversies about the sitetgpe  dementia in PD have been identified recently and
of pathology involved, dementia is probably asdeda divided into probable and possible criteria for éetmn
with the spread of PD injuries to other subcortiuatlei, in PD (Table 2) (Emret al., 2007).
as well as to the limbic system and cerebral cortex = Dementia associated with PD, at diagnosis, is
According to more recent studies, the main conditio usually mild to moderate and in clinical evaluatene
appears to be a degeneration of the type of Lewynore salient: slowing of psychomotor and global
bodies with cellular and synaptic loss in cortiead  cognitive processing, executive dysfunction (loss i
limbic structures (Kovarkt al., 2003; Emre, 2003a; abstraction, in the formation of concepts, in the
2003b). spontaneous word generation), dysfunction of the

Another recent study (Colosinet al., 2003), constructive and visual-spatial tasks, low yieluisome
however, suggested that the reverse may not be trumathematical tasks and secondary impairment of
i.e., the presence of limbic or cortical Lewy badimt memory, in which the storage of information is
always is associated with dementia in PD. Otherelatively well preserved (Emre, 2004; Shoulsor98)9
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Table 1: Features of dementia associated with Rsokis disease
I. Core features

Diagnosis of Parkinson’s disease according to Q&egrare Brain Bank criteria

2. A dementia syndrome with insidious onset and/ gimgression, developing within the context ofb#ished Parkinson’s

disease and diagnosed by history, clinical and ah@examination, defined as:

Impairment in more than one cognitive domain

Representing a decline from premorbid level

Deficits severe enough to impair daily life (sociatcupational, or personal care), independenthefimpairment ascribable to motor or
autonomic symptoms

1. Associated clinical features

1. Cognitive features:

Attention: Impaired. Impairment in spontaneous fomlised attention, poor performance in attentiteisits; performance may fluctuate

during the day and from day to day

Executive functions: Impaired. Impairment in taséguiring initiation, planning, concept formationje finding, set shifting or set maintenance;
impaired mental speed (bradyphrenia)

Visuo-spatial functions: Impaired. Impairment iska requiring visual-spatial orientation, perceptior construction

Memory: Impaired. Impairment in free recall of retevents or in tasks requiring learning new matememory usually improves with cueing,
recognition is usually better than free recall

Language: Core functions largely preserved. Wardifig difficulties and impaired comprehension ofnpdex sentences may be present

2. Behavioral features:

Apathy: decreased spontaneity; loss of motivatiterest and effortful behavior

Changes in personality and mood including depredsiatures and anxiety

Hallucinations: mostly visual, usually complex,rfad visions of people, animals or objects

Delusions: usually paranoid, such as infidelitypbantom boarder (unwelcome guests living in thedjodelusions

Excessive daytime sleepiness

Ill. Features which do not exclude PDD, but maledtagnosis uncertain

Co-existence of any other abnormality which maytbgif cause cognitive impairment, but judged mobé the cause of dementia, e.g., presence
of relevant vascular disease in imaging

Time interval between the development of motor emghitive symptoms not known

IV. Features suggesting other conditions or diseasecause of mental impairment, which, when ptesake it impossible to reliably diagnose
PDD

Cognitive and behavioral symptoms appearing satetiie context of other conditions such as:

Acute confusion due to

A. Systemic diseases or abnormalities

B. Drug intoxication

Major Depression according to DSM IV

Features compatible with “Probable Vascular deraéuwtiteria according to NINDS-AIREN (dementia tmetcontext of cerebrovascular disease
as indicated by focal signs in neurological exarwhsas hemiparesis, sensory deficits and evidencel®fant cerebrovascular disease by brain
imaging AND a relationship between the two as iathd by the presence of one or more of the follgnamset of dementia within 3

months after a recognized stroke, abrupt detéioran cognitive functions and fluctuating, stepaiprogression of cognitive deficits).

Table 2: Criteria for the diagnosis of probable pndsible PDD

Probable PDD

A. Core features: Both must be present

B. Associated clinical features:

Typical profile of cognitive deficits including ingrment in at least two of the four core cognitdemains (impaired attention which may
fluctuate, impaired executive functions, impairmentvisuo-spatial functions and impaired free reca¢mory which usually improves with
cueing)

The presence of at least one behavioral symptomtt{gpdepressed or anxious mood, hallucinationsisitens, excessive daytime sleepiness)
supports the diagnosis of Probable PD-D, lack bBb®ral symptoms, however, does not exclude thgrtisis

C. None of the group Il features present

D. None of the group IV features present

Possible PDD

A. Core features: Both must be present

B. Associated clinical features:

Atypical profile of cognitive impairment in one atore domains, such as prominent or receptive-{ffpent) aphasia, or pure storage-failure
type amnesia (memory does not improve with cueirig cecognition tasks) with preserved attention

Behavioral symptoms may or may not be present or

C. One or more of the group Il features present

D. None of the group IV features present

Patients have a better performance on tasks ailready mentioned, but the frontal strategy to ssde
recognition in comparison to free recall tasks, olshi is deficient (Behrmanmt al., 2001). Small number of
suggests that the storage capacity is preserved, gstients can present worsening of memory similar to
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that found in Alzheimer's Disease (AD). Perhaps ine Alzheimer's Disease (AD) associated with
these cases occurs a co-existence of pathologtedela parkinsonism
to PD and AD, illustrating one of the nosographicale Dementia with Lewy Bodies (LBD)
difficulties _of the moment anq compl_icating our «  Progressive Supranuclear Palsy (PSP)
understanding of a “pure” dementia associated Rith . Corticobasal Degeneration (CBD)
In gen_era}I, however, the clinical presentation of, Multiple System Atrophy (MSA)
dementia in PD differs from that of AD since denient
in PD better fits a pattern of subcortical dementihile
AD represents the prototype of cortical dementia. A
example is that the presence of signs of sevettecabr
impairment (aphasia, agnosia, limbic amnesia)ris ira
dementia associated with PD (Emre, 2004).

Changes in behavior are often found in patients  Next, it will be detailed some important aspedts o
with dementia and PD (Aarslamtlal., 1999; 2009). Its  the differential diagnoses listed above.
precise origin, however, is difficult to be detened,
since they may arise from a variety of causesRelation of dementia in PD with Lewy Bodies
including: frequent use of dopaminergic andDementia (LBD): LBD is a syndrome clinically
anticholinergic medications for this population of defined and consists of a primary form of dementia
patients, presence of pathology (Lewy bodies)characterized by visual-perceptual alterations and
traditionally linked to the evocation of behavioral €xecutive dysfunction accompanied by (McKesthal.,
symptoms, tendency to present episodes of ment&005) prominent visual hallucinations (Lyketsasal.,
confusion by polymedication usually required and th 2007), fluctuation of attention and parkinsonisnei{®
intense and serious motor limitations, among otherset a., 2001; Lanska, 2010). The presence of the typical
REM sleep Behavior Disorder (RBD) is a phenomenorfognitive profile with at least two of these thientral
often seen in patients with PD and increasinglycharacteristics set the diagnosis of probable LBD
recognized in clinics. This may be even more theeca (McKeith et al., 2005).
for patients who eventually develop dementia. Aselo PD and LBD are two common presentations of the
relationship between the pathology of synuclein ands@me underlying pathological process (Lewy body
RBD was recently described, associated with &lisease), which is supposed to be related to
striking observation that the RBD preceded dementigleregulation of a protein from the synapse, th&alp
or parkinsonism in an average of 10 years (rangingynuclein (Burn, 2006). The relationship and
from 2-29). The authors of this study suggesteditha differentiation between dementia in PD and LBD have
the context of degenerative dementia or parkinsonis been traditional cause for much dispute and coofysi
RBD often reflects an underlying synucleopathyalthough there exist some clinical, pathologicatl an
(Boeveet al., 2003). neuroimaging data that can assist in better difiniof

It has not yet been established, without doulihéf ~ €ach, though not definitively, given the absenceaof
cognitive deficits found in PD patients without biological marker able to be a gold standard in the
dementia are precursors of dementia. Nevertheless, differentiation of both entities (Burn, 2006).
is interesting to examine such deficits, which may  The misdiagnosis comes from the fact that the
give rise to some clues as to the location of thelementia in PD and LBD share many characteristics:
underlying pathology to the cognitive deficits (EBmnr cognitive profile, attentional performance,
2004). Several recent studies have evaluated theeuropsychiatric symptoms, sleep disorder, autooomi
different types of cognitive functions in individsa dysfunction, type and severity of parkinsonism,
with PD and without dementia (Cruciah al., 2003;  sensitivity to the neuroleptic agents and respamsigs
McNamaraet al., 2003; Kensingeet al., 2003; Peran to anticholinesterasics. Psychiatrically, dementith
et al., 2003; Foltynieet al., 2004). Lewy bodies and Parkinson’s disease dementia may be

accompanied by depression and (mostly visual)
Differential diagnosis: The differential diagnosis of hallucinations (McKeitret al., 2004). The age of onset,
dementia in PD to other forms of dementia withtemporal course and responsiveness to levodopa
parkinsonism can be extremely laborious and complexherapy, however, are points of difference betwien
because very often there are overlaps between thHwo entities (Mollenhaueet al., 2010). Yet following
clinical pictures and neuropsychological preseatesti  the clinical point of view, the postural instakjliand
The main differential diagnoses to be considereith wi gait changes seem to be more frequent in LBD. én th
PD dementia are: same line of reasoning, but according to the
39
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neuropathological point of view, the depositionbeta dementia in four different neurodegenerative discsd
amyloid protein is more marked and more directlydementia in PD, dementia with Lewy bodies (LBD),
related to cognitive impairment in LBD than in tR®  AD and progressive supranuclear palsy (PSP). This
dementia; there seems to be greater involvemetiteof study used the Dementia Rating Scale (a scale vibich
fronto-hippocampal projections in LBD, as indicat®d  particularly sensitive to executive dysfunction) to
the grater executive dysfunction in this entitye th compare the patients with different forms of deriznt
greater abundance of Lewy bodies on temporal @drtic finding a different profile of cognitive deficitsnang
regions in LBD seems to associate with higherthese different diseases. In general, the findings
frequency of visual hallucinations and delusiort® t reinforce the similarities between PD dementia and
differential pathological involvement of the stiat LBD, as well as the differences they have when
between the two entities can explain the specditgon  compared to AD. In contrast to AD, patients with PD
of parkinsonian features displayed in each of themiementia and LBD had greater memory scores, but
(Aarslandet al., 2004). lower initiation and perseveration scores, as veall
The current guidelines suggest that for thelower construction scores and LBD patients along ha
establishment of LBD diagnosis it is necessary that |ower scorers on conceptualization. Compared to
beginning of symptoms of dementia precedes orast le patients with PSP, those with LBD and PD dementia
occurs simultaneously with the signs of parkinsenis had lower memory scores. There were no significant
(McKeith et al., 2005). When the period between thedifferences in none of the scores between the
onset of parkinsonian symptoms and the subsequefdividuals with PD dementia and LBD in the group
onset of dementia is larger than one year, the mosjith severe dementia; the only difference was & hig
probable diagnosis is that of dementia associatil W score of conceptualization in patients with PD detiae
PD: this is called the “one year rule”. Obvioustyich  in comparison to patients with LBD in the groupttha
conduct may seem arbitrary and lacking clinical anchad mild to moderate dementia. The study further
neuropathological rational bases (Ererel., 2007) and  emphasized the similarities between LBD and PD
has been criticized by authors who consider LBD andjementia and the differences between the cognitive
dementia in PD as the opposite ends of the samgrofiles among these two disorders and AD. Sinee th
spectrum of disorders (McKeith, 2007). Reinford@is t  memory scores of patients with PD dementia and LBD
“spectrum theory” the fact of both entities have injgcated between AD and PSP scores, authors suggest
common the same type of histopathological markegnat the cognitive pattern in LBD and PD may reflec
(Lewy bodies), although its distribution has slight oyerlap of subcortical deficits with deficits typity
differences in the brain (more conspicuous in theygsociated with AD. This is however difficult tocapt
cortical areas in LBD, unlike the subcortical hecause, as the authors admit, the Dementia Rating
predominance in PD dementia). Scale does not discriminate the type of loss of orgm
o i.e., whether it is caused by deficiency of encgdan
Dementia in PDXADXLBDxPSP: There are several retrieval. Initial work showed that AD is typically
difficulties in that differential diagnosis, espaity with  associated with encoding, while PD dementia and LBD
regard to the proximity of both in several of émfures.  are associated with recovery deficits. The autfaise
There is strong evidence that the PD dementia ddd Aconcluded that, because of the almost overlapping
share some of the neuropathological (e.g., theeps clinical profiles, PD dementia and LBD can be saen
of senile .plaques, neurofibrilar_ and granulovacuola parts of a spectrum of disorders with Lewy bodies.
degeneration) and neurochemical (damage to the Another recent work (which also compared the
cholinergic Nucleus Basalis of Meynert, damageh® t jinical characteristics of PD dementia with LBDdan
noradrenergic pathways by the level of locus cemile ap) reached conclusions similar to those outlinedhie

dar_nqge to th.e me_socpr_tical dopaminergic Sy.Stem?Jreceding paragraph (Natal., 2004). In this study by
deficit of cortical nicotinic recep;c_)rs) mec_hamsms Noe and collaborators, patients with LBD, PD deriaent
common between the two entities. It is worthﬁnd AD were matched by the severity of dementia.

emphasizing, however, that those PD patients wit . X . - TR
more severe dementia and in later stages who have s Psychosis associated with cognitive deterioratiothe

biochemical and pathological changes similar to AD.ONSet of the disease was more frequent in indivsdua
That said, it becomes clearer understand why som¢ith LBD; patients with LBD and PD dementia
authors propose the conception of a continuum kestwe performed significantly worse in tasks of attentamd
“pure” PD and AD, passing by the dementia assodiatebetter on tests of memory than those with AD. There
with PD (Galpern and Lang, 2006). were no significant differences between the groigh w

Aarsland et al. (2003b) conducted an important PD dementia and patients with LBD in any of the
study comparing the neuropsychological profile ofneuropsychological tests performed.
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Table 3: Comparison of clinical features of Lewydgdementia, PD dementia and Alzheimer’s disease

Lewy-body dementia PD dementia Alzheimer’s diseas
Clinical features
Common presentation Psychotic symptoms and/or iamiian features
Parkinsonian features. Memory decline
Psychotic symptoms Early visual hallucinations desated with exposure Usually later in disease
Memory decline with or without delusions. to PD phacotherapy process.
Speech impairment As disease progresses, Diffiadtgssing Early global and progressive
particularly in accessing memories. memories difficin forming memories.
Usually late Hypophonia, dysarthria Aphasia, Pasaph
Parkisonian features
Tremor at rest Present in 20-50% Present in 75% y [Drkte disease
Rigidity Common Common Only in late disease
Gait abnormality Early in disease Early or latelisease Late in disease
Response to levodopa Variable Common NA
Antipsychotic sensitivity
rCiae extreme Variable, increased Development dfifisonism

parkinsonism at higher dosages at higher dosages

Legend: NA, not applicable

The differences between patients with AD, LBD andPD Dementia x Multiple System Atrophy (MSA):
“PD with cognitive deterioration” were also studib§ MSA is a complex neurodegenerative disorder
using the clock design test-CDT (Cahn-Weireral.,  characterized by autonomic dysfunction, Parkinsanis
2003). There were no significant differences amtii®y  cerebellar ataxia and pyramidal signs in any
three groups in an overall quantitative measure otombination. Both MSA and PD are currently classifi
performance in the CDT. There were, however,as alpha-synucleinopathies and both share some
qualitative differences: the LBD patients were moreparkinsonian signs, but with different intensitygation
likely to make conceptual errors than those with 8D  and outcome, as well as different is the distritnutdf
PD and patients with LBD made more planningbprain lesions in each disorder (Wennietgal., 2003).
errors than those with AD. These differences resllt Despite some common elements, there are several
in a considerable accuracy of the classification ofjifferences between the two entities: MSA is a rare
approximately 70% between LBD versus DA anddisease; MSA age of onset is earlier; outcome
LBD versus PD with cognitive worsening. The progresses faster in MSA; parkinsonism is less
authors concluded that, despite some differences iBsymmetrical in MSA; tremor at rest is rare in MSA
quality characteristics, as a single instrumeng th 54 frequent in PD; postural stability is compraedis
CDT offers limited capacity to discriminate among galy in MSA unlike PD; hallucinations are practiga
these disorders. It is of importance to distingud  jnexistent in MSA, but occur with relative frequeria
from AD and DLB, as the symptom profile, course ppy gementia; pyramidal and cerebellar signs oceur i
and management of each disorder differs, Table §;5a hut not in the PD dementia; neuropsychological
(Weintraub and Stern, 2005). changes are milder (or even absent in the earges)a
and the presence of dementia speaks against the
possibility of MSA; symptoms such as orofacial
dystonia, stridor and REM sleep behavior disorder a

In CBD, besides significant cortical impairmenterté more comman in MSA; poor response to levodopa in

is subcortical changes, but in PD dementia therast MSA; presence of ohgodendroghr_;\l inclusions In
the only checked, causing therefore a standard agpe N€Uropathology of MSA, but not in PD dementia
subcortical dementia. The presence and importafce éWenninget al., 2004).
the tremor in the clinical setting of PD are muchbren . ] ) ]
prominent than in CBD, where this signal occurjust ~PD Dementia x Vascular Parkinsonism:in patients
over half of cases (Kompoliét al., 1998; Farsangt  With vascular parkinsonism (usually due to subcatti
al., 2005). The progression of the disease is fasteb  arteriosclerotic ~encephalopathy, also known as
dementia than in CBD. One of the main featuresBinswanger’'s disease) the extrapyramidal syndrasne i
differentiating the two entities is the poor andt no dominated by bradykinesia and usually does notrmoccu
sustained response to levodopa in the case of CBIxemor at rest (and rarely there is stiffness, sigften
contrary to what happens with PD (Koller and found in PD dementia). Instead of these signsijlitos
Montegomery, 1997; Pahwa and Lyons, 2010). commonly observed in vascular parkinsonism:
41

PD Dementia x Corticobasal Degeneration (CBD):
In practice, this is one of the most frequent dasgic
confusions, especially when in the early stageSRD.
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pseudobulbar palsy, gait disturbance and urinargpecific function, it was suggested that the hyfiviag
incontinence, associated with dementia. Therapy wit in fronto-striatal circuits may underlie cognitideficits
levodopa is ineffective, unlike what happens wild. P in patients with early PD (Lewiet al., 2003). For this
Moreover, in vascular parkinsonism there is nostudy, were compared groups of patients with PEh wi
neuronal loss in the substantia nigra, but leudosi®  and without cognitive deterioration, matched by all
and lacunes in the brain white matter and in theaba other clinical measures. Functional MRI showed
ganglia (Szirmai and Kovacs, 2002). significant reductions in the intensity of the sign
during a paradigm of operative memory, in specific

EDd dem(ra]nt||a XNPdI-?mlt\alnPtll—?' n | Noymﬁl Press.ured locations in frontal and striatal regions in indiuals
ydrocep a_us( ) IS classically conceived cognitive deterioration, compared to those
as a ventricular enlargement without hypertension

: without cognitive impairment, suggesting that
(average fluid pressure below 18 cm of water), i L .
accompanied by a progressive triad of symptoms?O(‘:]rm'Ve deficits in PD are_gccgmpamed by neural
disturbance of gait, urinary incontinence and ctigai changes r-e-Iated to the qunﬂcanons that accompany
deterioration (Vanneste, 2000). If on the one hand motor def|C|ts_, but.are distinct from them.
symptom triad of NPH can easily be found in PD __A study with Single Photon Emission Tomography
dementia, on the other there are many anecdotafteep (SPECT), which measured the regional cerebral flow
of NPH causing parkinsonism. While someone could?@tients with PD without dementia, demonstrated
argue that these patients were carriers of PD &id,N Dilateral occipital and posterior parietal hypopern,
the reversibility of extrapyramidal symptoms witisE ~ compared to controls (Abet al., 2003). There was a
drainage and the lack of response to levodopa spedi#rong positive correlation related to performaiice
against this comorbidity (Krausa al., 1997; Factora Visual test (colored progressive matrices of Rawem)
and Luciano, 2008). The differential diagnosis et  regional cerebral flow in the right visual associat
these two entities, however, offers no great diffig area, suggesting that the occipital hypoperfusion
since neuroimaging always show an exuberanprobably has relationship with the worsening ofuais
dilatation of ventricles in NPH cases, an abseatui@ cognition in patients with PD.
in cases of PD dementia. Cholinergic deficits were described in patholotica

specimens of patients with PD and dementia.

Neuroimaging: A review of the initial findings of Cholinergic deficits in these patients may also be
neuroimaging studies in patients with parkinson&@m  gpserved in vivo, using functional neuroimaging
dem(_entla may be observed in a recent article (Bath  pgsitrons Emission Tomography (PET) and seems to
O’Brien, 2003). Several new studies of structunadl a pe more serious than that seen in AD (Bohekeal .,
functional neuroimaging .expa_mded these findin.gs. '”2003). The same study revealed that the mean
general, structural neuroimaging of these patienls ity of cortical acetylcholinesterase, compared
demonstrate_ a predo_mmantly subcortical atrophye Thwith the controls, was lower in patients with PDdan
lateral ventricles (mainly the frontal horns), arten dementia (20%),’followed by those with PD without

increased, which suggests, indirectly, this pattefn . 0 0 .
subcortical atrophy. Structural changes in the atad demen_tla (13%) and.AD (9%). The reduced activity
of cortical acetylcholinesterase seems, then, beemo

as assessdd vivo by MRI, do not appear to contribute . L . .
to cognitive deterioration observed among patiexits characteristic of individuals with PD and dementia

PD, PD with dementia and AD. This finding was notedthan those with mild AD. _
by Almeida et al. (2005) in their study of structural Another study with PET, using 18F-dopa as a
imaging using MRI and volumetry. According to them, marker to assess the dopaminergic function in PD
there were no significant differences in the tomlume ~ Patients with dementia showed decreased capture of
of the brain or the caudate between PD and PD witA8F-dopa bilaterally in the striatum, mesencephalon
dementia, while those with AD showed a significantand anterior cingulate area, compared to normal
decrease of the total brain and caudate volumesontrols (Itoet al., 2002). A relative difference in the
compared to controls and patients with PD. Thereewe uptake of 18F-dopa between PD and PD patients with
no significant correlations between the volume lod t dementia was a bilateral decline in anterior ciatil
caudate and overall cognitive function, executiveand ventral striatum and the right caudate nuclaus,
performance or speed of processing. the group of PD with dementia. The authors conaude

In another study of magnetic resonance imagingthat PD dementia is associated with a worsening of
but functional (fMRI), using images related to amesolimbic and caudate dopaminergic function.
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Treatment: PD survival after the onset of the disease isnventory-NPI, mini-mental state examination, vdrba
on average 9-12 years. These data of the natwgtalrini = fluency tests, clock drawing and attention tests).
of PD, as previously exposed, give us some hintsitab Although was not observed worsening in motor
the pharmacological approach in this disease: wke wisymptoms in formal scales of measurement, an
deal with predominantly elderly patients and tha¢ t increase of the tremor was recorded among the side
medication should be used often for more than affects in some patients treated with rivastigmine.
decade. The treatment of dementia in idiopathicAmong other side effects, were also reported high
Parkinson’'s disease is even more complex, as itates of nausea and vomiting?
involves the joint treatment of two degenerative In an open study, 28 patients with PD dementia
diseases, in theory, or at least the same degesmerat were treated with rivastigmine for 26 weeks, withat
process with two different phenotypic presentationghem completed the study (Fogelsal., 2003). There
(though physiopathologically should be probablywas significant improvement in cognitive measures,
related). The treatment of each condition separasel including the mental subscore of Unified Scale for
complex and therefore it is natural expect everatgre Assessment of Parkinson’s Disease and in totaksabr
complexity in simultaneous treatment of bothcognitive subscale of the Alzheimer's Disease
conditions. The only FDA-approved medication for Assessment Scale (ADAS-Cog) at 26th week. The
dementia associated with Parkinson’s disease isubscores in items of recognition, meeting of wprds
rivastigmine, a cholinesterase inhibitor (Marded1@).  memorization of instructions and concentration from
The complexity in treating this combination incress ADAS-Cog also improved significantly; the motor
even more when one remember that the treatment of store of the Unified Scale for Assessment of
condition may interfere with the other. As an exéamp Parkinson’s disease remained unchanged. The same
of this, it may be recalled that the anticholinergi group described the effects of rivastigmine in
treatment usually used on PD may worsen the cagniti quantitative electroencephalogram of patients with
symptoms of dementia. Similarly, antipsychotic drug dementia and PD, which showed a significant ine&reas
used to treat changed behaviors in dementia may on alpha activity and a trend of increase inabet
worsen extrapyramidal symptoms of PD. Dopaminergicactivity (Aarslandet al., 2003c). In another open study,
drugs used in PD can create or aggravate behaviordb patients with PD dementia were treated with
symptoms associated with dementia and so on. galantamine for eight weeks; 13 of them compleked t

The cholinesterase inhibitors were tested in thistudy. It was verified improvement in overall ménta
population of patients on the basis of substadgéicits  score in eight patients, while four worsened. Theas
in cholinergic markers in PD with dementia. a significant improvement in the TDR and a trend of
Preliminary evidence was gathered regarding thémprovementin the Mini-Mental State Examinatiordan
cholinesterase inhibitors as an effective treatmmit verbal fluency. Hallucinations improved in seven of
dementia in PD, but they need to be confirmed bynine patients. Parkinsonism improved in six indiits,
randomized controlled clinical trials that are siéintly  but a slight worsening of tremor was observed nedh
broad. These studies are in progress. Anyway, th@ eroi et al., 2004). In another randomized, double-
usefulness of this group of drugs for dementia h P blind and placebo-controlled study, which involvegl
seems to be clear and maybe for this are alreadglyi patients, donepezil improved significantly the sisbss
used in medical practice. The question remains lrdret of memory. There was a trend of improvement in
the anticholinesterasic effects of these medicationpsychomotor speed and attention. There were no
could exacerbate some of the symptoms of PD (tremodifferences between the two groups in relation to
for instance) (Emret al., 2007). psychiatric status, motor function or activities dzily

A study conducted by the higher current authorityliving at the beginning or end of the study. Four
in dementia associated with PD and that became thgatients who took donepezil left early the research
reference in this area, provided reasonable evaelasc because of adverse events, two because of chatnerg
to the usefulness of anticholinesterasics in teattnent  side effects and one due to an increase in pamisiso
of this condition (Giladi et al., 2003). In this The reason why the fourth case dropout was not
randomized and placebo-controlled study, Eetral. mentioned (Burn and McKeith, 2003).
(2004) used rivastigmine in 541 patients (only 410  The results of these three studies, although dinit
completed the study). A significant benefit wasby the open design and small sample, are alignéd wi
observed in the primary measures (Clinical Globalthose of previous clinical studies with donepezil,
Impression-CGl and ADAScog), but also in secondaryrivastigmine and tacrine, which were reviewed in a
measures (activities of daily living, neuropsychimt recent study and suggested that the cholinesterase
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inhibitors could be useful in the treatment of pats  be desighated as a LB-associated dementia. Diagabsi
with dementia in PD (Fernandetal., 2003). An open dementia must be based on the presence of deficits
label study about the efficacy of donepezil in P@Bs least two of the four core cognitive domains (atten
demonstrated that the cholinesterase inhibitor dezie  memory, executive and visuo-spatial functions)ras\s
can improve cognitive and psychiatric deficits ihBD  in clinical and cognitive examination and be severe
and PDD patients and this is reflected in a redacitn  enough to affect normal functioning. Although there
carer distress (Thomasal., 2005). some differences in the extent and profile of disfiz
One of the main clinical features of dementia inindividiual cognitive domains compared to patientth
general and dementia in PD in particular is thesgnee  AD (more prominent memory impairment in AD, more
of psychological and behavioral symptoms, espaciall prominent executive dysfunction in PDD), these may
psychotic symptoms. It is believed that the mostvary from patient to patient and cannot be usethas
effective medication to treat such symptoms insole basis of diagnosis.
dementia associated with PD would be clozapine; Imaging studies demonstrate atrophy and
however, by its difficulty in handling, in practideis  hypometabolism, more prominent in the temporal and
rarely used. A retrospective analysis of all PDigyas  posterior areas. However, there is no single amgill
who received quetiapine, an atypical antipsychetigs  investigation which would help to diagnose indiadlu
made in a single center (Emeeal., 2004). Among the patients. Patients with Parkinson’s disease should
106 patients with average duration of treatmeni®f undergo early screening for signs of dementia sb th
months and an average dose of 60 mg /day, 82% hddrther diagnostic and therapeutic steps can bentak
complete or partial resolution of psychosis, 18% ha  timely fashion, as indicated. Current treatmentA&D
improvement and 32% had motor worsening, but nots symptomatic, modest and only transiently effexti
sufficiently severe to lead to discontinuation. ist Larger scale, placebo controlled clinical trialse ar
interesting to notice that dementia was found imséh needed to be explored in future studies to prowde
less responsive to quetiapine and motor worseningvidence base to guide the management in PDD.
tended to occur more in demented patients. Intlifiv
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