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Abstract

Atypical Parkinsonism involves four distinct disease phenotypes which are the Progressive Supranuclear Palsy (PSP), Multiple
Systems Atrophy (MSA), Dementia with Lewy Body (LBD) and Corticobasal degeneration (CBD). Although these are four distinctive
separate diseases with distinct pathological background they share similar histopathological characteristics and consequently their
symptoms often overlap making the diagnosis for neurologists challenging. Due to the failure of the presence of disease specific bio-
markers and the low sensitivity or specificity of imaging techniques in distinguishing between MSA, PSP, CBD, LBD makes the differ-
ential diagnosis even more challenging; and based primarily upon the neurological clinical examination subsequently followed and
supplemented by imaging techniques. These disorders not only do not respond to the conventional treatment applied to Parkinson’s
Disease but the use of some agents in the setting of misdiagnosis might outweigh the benefit to risk ratio. In this review we outline
some major distinct disease clinical characteristics along with the most suitable investigation procedures and treatment plans for

each atypical form of Parkinsonism.
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Abbreviations

AD: Alzheimer Disease; CBD: Corticobasal Degeneration; CBS: Corticobasal Syndrome; CSF: Cerebrospinal Fluid; DAT-SPECT: Dopamine
Transporter Single-Photon Emission Computed Tomography; DLB: Dementia with Lewy Bodies; DTI: Diffusion-tensor Imaging; FDG-PET:
18F-Fluorodeoxyglucose Positron Emission Tomography; FTD: Frontotemporal Dementia; MRI: Magnetic Resonance Imaging; MSA: Multi-
ple System Atrophy; MSA-C Multiple System Atrophy-Cerebellar Type; MSA-P: Multiple System Atrophy-Parkinsonian Type; PD: Parkinson
Disease; PET: Positron Emission Tomography; PLS: Primary Lateral Sclerosis; PSP: Progressive Supranuclear Palsy; PSP-C: Progressive
Supranuclear Palsy-Cerebellar Ataxia; PSP-CBS: Progressive Supranuclear Palsy-Corticobasal Syndrome; PSP-P: Progressive Supranuclear
Palsy-Parkinsonism; PSP-PAGF: Progressive Supranuclear Palsy-Pure Akinesia Gait Freezing; REM: Rapid Eye Movement; SNRI: Serotonin
Norepinephrine Reuptake Inhibitor; SPECT: Single-Photon Emission Computed Tomography; SSRI: Selective Serotonin Reuptake Inhibitor

Introduction

The general term of Parkinsonism or parkinsonian syndrome refers to a pathological state of hypokinesia or dyskinesia and it is com-
monly symptomatologically defined by resting tremor, bradykinesia, rigidity, general akinesia or difficulties in initiating movements and
postural instability [64]. Although Parkinson’s disease is the major neurodegenerative disease accompanied by the symptoms described
above, there are a number of secondary or atypical Parkinsonian disease entities that share an overlap of the standard symptomatologic

features of PD, making the diagnosis of PD or atypical Parkinsonism more challenging. Despite the fact that patients with atypical parkin-
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sonism are considerably low in numbers in relation to the patients with typical PD this number of atypical cases is significant enough to
produce difficulties in the diagnosis and differential diagnosis of Parkinsonian syndromes. The patients presented with atypical parkin-
sonism initially have the symptomatological features of PD, tend to develop some extra multisystemic brain clinical features involving
more than just the dopaminergic pathway commonly seen in PD such as dementia, ocular motility difficulties, early and frequent falls,
movement ataxia or autonomic failure features. These group of disease in which they are encompassed within the atypical parkinsonian
spectrum include the Dementia with Lewy bodies, Corticobasal Degeneration and Multiple systems atrophy. The major clinical signifi-
cance in the early differential diagnosis of atypical Parkinsonism against PD is that the progression of such disease is often aggressively
rapid than in typical PD making the early diagnosis a crucial part in extending the lifespan and preserving the quality of life of these

patients as best possible [63].

In these syndromes the treatment strategy is often more complex in relation to PD due to the fact that there is resistance in response
to common treatments available and it is mostly based on the symptomatologic presentation of the patient. However, the foremost chal-
lenges in treating such diseases is that most of the treatments lack in efficacy or produce several side effects with complications that
neutralize the benefits. Therefore, due to the additional special care that these patients require a more multidisciplinary approach of
treatment has to be followed [62].

Signs and symptoms comprising the atypical Parkinsonism often overlap between the diseases in this category and the typical par-
kinsonian syndrome. Unfortunately the clinical features of these diseases not only overlap between each other within the parkinsonian
spectrum but can also interconnect and overlap with other neurodegenerative diseases and secondary parkinsonism causes; rendering
the diagnosis even more perplexing (Figure 1) giving rise to common drawbacks within the clinical setting such as diagnostic delays,
misdiagnosis and under-recognition of the current disease. However, during the recent years of extensive scientific and clinical study of
such confounding diseases, there is a progression in understanding the underlying pathophysiological mechanism of atypical Parkinso-
nian syndromes making a big step forward in distinguishing the distinct features of each separate disease entity in order to help with the
proper diagnosis and treatment. Moreover, the clinical terms currently being used to describe a pathological state of atypical Parkinson-
ism are highly increased in recent years due to diagnostic doubt, similarity and the interconnection of symptomatology that describes a

distinct parkinsonian disease entity [61].

Figure 1: The spectrum of conditions that cause parkinsonism either Secondary, Atypical, or Pure Parkinson’s Disease.
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The most common pathophysiological finding inside the spectrum of neurodegenerative diseases is the deposition of abnormal pro-
teins within the brain in areas that when pathologic are responsible of the specific clinical outcomes, describing a feature of the disease.
This disease mechanism is known as proteinopathies and encompasses the major burden of neurodegenerative diseases. Protein ex-
amples resembling a specific proteinopathy (Table 1) are the a-synuclein commonly seen in Parkinsonian syndromes, ubiquitin, tau,
prions and B-amyloid which is responsible for the pathological hallmarks of Alzheimer’s disease [60]. Regardless of extensive research
and diagnostic improvements towards understanding and diagnosing the atypical Parkinsonism diseases the major diagnostic millstone
remains with clinical evaluation. There are other diagnostic tools which help and assist with proper diagnosis such as the brain imaging

and by specific biomarkers.

Proteinopathies Disease
Amyloid Alzheimer’s Disease
Ubiquitin Parkinson’s Disease with mutation of parkin

Parkinson’s Disease, Multiple Systems

Synuclein Atrophy, Dementia with Lewy Body

Tau Progressive Supranuclear Palsy, Corticobasal Degeneration, Alzheimer’s
Disease, Frontotemporal Dementia Parkinsonism

Polyglutamine expansion Huntington’s Disease, Cerebellar Ataxias

Prion Creutzfeldt-Jakob Disease, Gestman-Straussler-Sheinker syndrome

Table 1: The different categories of proteinopathies and the disease they cause.

Nevertheless the main diagnostic evaluation weights mostly on the red flags derived from clinical evaluation and they will be de-
scribed in this study; such as insidious disease onset and progression, autonomic system dysfunction, gait instability and early falls,
tremor characteristics, reduced or absent response to levodopa therapy or other common treatment strategies, oculomotor abnormali-
ties, ataxias indicating dysfunction on cerebellar tracts along with other cerebellar signs, dysautonomia, speech difficulties such as dys-

arthria or dysphonia and myoclonus and dementia [59].

The main goal of this study is to focus on atypical Parkinsonism and outline the different diagnostic approaches of each of the disease

along with outlining the best possible treatment strategies that best suit in each modality.

Disease overview

Parkinson’s disease overview

Parkinson’s disease belongs to a group of pathological conditions affecting the central nervous system. While it usually affects older
individuals it can manifest normally after the age of 50 years of age [1]. Parkinson’s disease is characterized by a mark reduction of the
quality of life of patients due to its distinct clinical features in which movements are exceedingly reduced and the mobility is certainly
low, rendering normal daily activities difficult to perform [2]. Like most of the central nervous diseases; Parkinson’s disease has a pro-
gressive neurodegenerative character meaning that the majority of cases will continue to get progressively worse. It is a crucial point for
healthcare professionals to know that the patients with such a disease with no cure available will require at a point a continuous nursing

care for the majority of their daily life [3].

The symptomatology of Parkinson’s disease typically involves slow movements such as akinesia and bradykinesia in which move-
ments take too long to be performed with a really slow pace such as slow small steps. It is worth to note that the initiation of movements
is really difficult to be initiated for these patients. While a movement is initiated then it is difficult for the patient to terminate it. Another
clinical hallmark is the stiffness that describes the cases with such a disease that makes the general movements difficult. This feature
puts extra stress on the quality of life of the patients as stiffness not only interferes with daily movements but it is also associated with

pain [4]. From the primary clinical features the most recognized characteristic clinical symptom is the tremor. Parkinsonian tremor is
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a resting tremor meaning it can only manifest during rest and not during voluntary movements; and usually appears first on the upper
extremities. As it progresses, it implicates other functions, sides/organs of the body such as bladder, digestion disorders, circulation

problems, increased oil secretion on the skin, difficulties concentrating and depression [5].

Epidemiological studies show that the prevalence of Parkinson’s disease is estimated to be 1 to 2 people per 1000 population while

in older ages (over 60 years) the prevalence ascents to 18 people per 1000 population [6].

The searching for etiology of Parkinson’s disease begun from very early during the 19 century and specifically in 1919 in which evi-
dence suggested the loss of pigmentation of neurons in substantial nigra. Up-to-date studies indicated that the hallmark of pathological
impact of this disease is the loss of neurons arising from the substantia nigra and pars compacta that mainly curry the neurotransmitter
dopamine. Dopamine is the major modulatory neurotransmitter of the central nervous system associated with movement and motion
control; hence this is the reason that explains the symptomatology of Parkinson’s disease (PD), due to the loss of dopaminergic neurons
through a mechanism allude to the deposition of a-synuclein proteins in the region of dopaminergic neurons. The exact pathophysiologi-

cal mechanism will be discussed in detail later during this review article [7].

Diagnostic evaluation in patients with PD starts usually from history and then proceeds to clinical examination seeking for the major
clinical features as mentioned above. Different movement disorder clinics imply the Unified Parkinson Disease Rating Scale in their diag-
nostic algorithm. This scale measures different clinical outcomes and feature of patients such as mentality, mood and behavior changes,
daily activities and indubitably tremor with motor examination along with therapy complications as well. Additionally, a decisive part in
establishing the diagnosis of PD through examination of clinical features is to exclude other causes that might be a reason of initiating
the Parkinson’s Disease symptomatology such as drugs which lead to extrapyramidal manifestations similar to PD [8]. Most neurologists
establish a unique way of diagnosing Parkinsonian syndromes which include the diagnostics approach that involves the administration
of the therapeutic agent the L-DOPA in order to observe whether the symptoms resolve, accompanied by rapid movements after the
administration of the agent [9]. Likewise, there are several other diseases that need to be differentiated during the diagnosis that are
similar to Parkinson Disease which share related characteristics and they are generally called ‘atypical parkinsonism’. These “atypical”

types will be discussed next in this review article.

Treatment strategy for Parkinson’s disease may be reserved for the later stages of the disease progression usually due to the fact that
the effects of the conventional therapy can be desensitized easily; but also due to fact that at the beginning PD is relatively mild. The com-
mon pharmacological therapy is the substitution of the lost dopamine levels by its precursor Levodopa which can be administered with
Carbidopa to avoid the majority of side effects. The next management approach is by the use of dopamine agonists such as Pramipexole
and Ropinirole. Anticholinergics and Amantadine are NMDA inhibitors (N-Methyl D- Aspartic acid receptor blockers antagonizing gluta-
mine) and dopamine reuptake inhibitors (blocks dopamine re-uptake and increases dopamine release) and they can be used as another
therapeutic approach aiming in controlling primarily the symptoms associated with tremor. However, PD is not simple and it needs a
multidisciplinary approach to count all the possible disease features and symptoms therefore improving a patients balance, stability,
overcome depression symptoms, sleeping difficulties, psychosis and hence maintain a normal quality of life as best as possible. The
major point to be highlighted is that patients that receive pharmacological treatment over time get resistant to the drugs therefore other
therapeutic approaches might be more sensible. These approaches include deep brain stimulation in which surgery is required in order
to place electrodes in specific regions within the subthalamic nucleus and globus pallidus in order to balance out the excitatory stimulus
that tend to be less controlled by the action of dopamine that is depleted [10].

Progressive supranuclear palsy

Progressive supranuclear palsy (PSP) belongs to a group of neurological disorders described as atypical Parkinsonism due to the fact
that it shares similar characteristic features as Parkinson’s disease. However, it is a very distinct clinical modality implicating different
aspects than PD. PSP affects the gait, balance and movements in a similar manner as PD however there are some distinct features such
as speech, swallowing, vision, eye movements, mood, behavior, and cognition disturbances. Unlike Parkinson’s Disease pathophysiology,

PSP is characterized by the deposition of a distinct protein rather than a - synuclein, the tau protein [11]. In 1964 three neurologists
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Richardson, Olszewski and Steele succeeded in describing this syndrome of PSP as an uncommon assemblage of supranuclear gaze
palsy accompanied by progressive axial rigidity, pseudobulbar palsy and dementia while nowadays is correctly described as an atypical
parkinsonism or a Parkinson plus syndrome. According to Steele in 1972 PSP involved different nuclei within the brainstem and this
explains the different variants in symptomatology of the disease. While the exact cause remains unclear up to date, advanced age, envi-

ronmental factors and specific toxins contribute to the development of this Parkinson plus syndrome [12].

According to the epidemiological studies, the prevalence of PSP is around 5.5 to 6.8 per 100.000 while the incidence rate is 1.1 per
100000 and increases above the age of 50 to 1.7 per 100000 while above the age of 80 raises up to 14.7 per 100000. The mean age in

which the disease manifests is at 65 years [13].

The main symptomatologic finding in patients with PSP is the loss of balance. The gait and posture of these patients while walking is
stiff and broad based while the arms are abducted in contrast to “turn un bloc” feature of the Parkinson’s disease, eventually leading to
quick pivoting movements that increase the risk of falling down [14]. Furthermore, the hallmark of PSP involves the oculomotor system
in which patients tend to acquire supranuclear ophthalmoplegia meaning that there is impairment to cope with vertical gaze examina-
tion. Other oculomotor findings include dysfunction of optokinetic nystagmus (especially during vertical gaze), convergence dysfunc-
tion, blepharospasm, and eyelid-opening apraxia. Moreover, the combination of decreased blinking, dystonic face and decreased and
dysfunctional gaze leads to a distinct feature of face expression of long-lasting surprise or wonder. Vertical gaze dysfunction commonly

gives rise to common problems such as reading, leaking food from mouth when eating, and negatively impacts to falls while walking [15].

Multiple systems atrophy overview

Multiple systems atrophy (MSA) is mainly a sporadic neurodegenerative disease which onset during adulthood and it is highly pro-
gressive, often fatal with no known cause or etiology. Contrasting to Parkinson’s disease, MSA is characterized by a tendency to minimally
respond or not respond at all to levodopa therapy or any other therapies and it is accompanied by autonomic system failure features

along with ataxia of the cerebellar system or pyramidal signs [16].

On the other hand the similarities with Parkinson’s disease are that they belong to the same group of a-synucleopathies, therefore as
the grouping suggests the main histological and pathological feature is the deposition of a-synuclein. However, in contrast to the other
synucleopathies in which the deposition is found in neurons and glial cells, in Multiple Systems Atrophy (MSA) the deposition is com-

monly seen in oligodendrocytes [17].

The main symptomatology of MSA is the autonomic dysfunction presenting mostly with symptoms of dysfunctional blood pressure,
heart rate, bladder control and digestion. Secondly the other symptomatologic feature is the classical Parkinsonism signs and symptoms
which include muscle rigidity, tremor and bradykinesia comprising of loss of or muscle control or limitations in movements, or de-
creased mobility and decreased muscle coordination. Next in the symptoms of MSA comes the cerebellar ataxia in which there is pathol-

ogy affecting the cerebellar system such as difficulties in proper speech and gait, poor coordination of movements and daily tasks [18].

The names of MSA established in 1969 in order to incorporate and describe three distinct neurological disorders which are the ni-
grostriatal degenerative disease, olivopontocerebellar ataxia and Shy Dager syndrome which is the syndrome of autonomic dysfunction
found in MSA [19]. Epidemiological studies implicating MSA denote a worldwide incidence rate of 0.6 per 100.000 and for adults over 50
years of age rises to 3 per 100.000 of population. Mean age of the first manifestation of symptoms is around 60 years of age with a mean

survival rate of up to 9 years following the diagnosis of such a progressive neurodegenerative disease [20].

At last there is the clinicopathological classification of multiple systems atrophy according to the pathology and clinical features.
Extrapyramidal clinical features that resemble Parkinson’s disease such as motor abnormalities, bradykinesia, rigidity and postural
instability are categorized as the parkinsonian type or MSA-P (P=Parkinsonism). Progressive ataxia symptoms decreased gait and arm
coordination along with speech dysarthria is categorized to the olivopontocerebellar group or MSA-C (C=Cerebellar). Shy Dagger syn-
drome with autonomic failure such as dysfunctional blood pressure, heart rate, bladder control and digestion refer to the category of
MSA-A (A=Autonomic) [21].
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Dementia with lewy bodies overview

Dementia with Lewy Body (LBD) includes two distinct pathological features which are the dementia with Parkinson’s Disease and
Dementia with Lewy Bodies. LBD is characterized as a progressive neurodegenerative disease with a distinct prominent clinical feature
which is the dementia. The predominant clinical features of Dementia with Lewy body as the name denotes is dementia along with psy-
chosis and some clinical types of Parkinsonism. Moreover, there is great variation of symptoms among individuals with LBD rendering

the diagnosis of this type of disease exclusively from clinical examination; sometimes there is an overlap of symptoms [22].

The general pathophysiological landmark of DLB is the deposition of Lewy bodies in specific areas of the brain with distinct cytoplas-
mic aggregates of a-synuclein and ubiquitin. More specifically and as a consequence of Lewy body deposition in specific regions of the
brain the distinct presentation of the disease is the acetylcholine deficiency in both temporal and parietal lobes hence the outcome is
dementia and psychosis with visual hallucinations. Moreover, there is upregulation of muscarinic acetylcholine receptors M1 type within

the temporal lobe to compensate the acetylcholine loss and consequently diminish the dopamine levels [23].

There is no known cause or etiology of dementia with Lewy Body, however there is scientific evidence that a combination of genetic
mutations, toxins from the environment, oxidative stress factors, mitochondrial dysfunction and aging are the contributing factors of the
misfolding and aggregation of a-synuclein and ubiquitin consisting the Lewy bodies [24]. Epidemiological evidence suggests that this
type of dementia consists of about 20 to 30 percent of all the major dementia causes usually appearing at the ages of 50 to 80 years old.
While the incidence is difficult to be established due to the underdiagnosis or the misdiagnosis of the disease, there is evidence suggest-
ing that the incidence is about 32 to 112 per 100.000 of population and the prevalence is 0.53% within age group of 65 years and above
[25].

The main clinical features of LBD as mentioned above is the predominant dementia often accompanied by loss of attention, loss of
memory (mainly at later stages of the disease), loss of executive function and decreased cognition. Other features include psychiatric dis-
turbances such as hallucinations and psychosis and lastly LBD comes with a form of Parkinsonism which encompasses clinical features

such as bradykinesia, tremors and rigidity [26].

Corticobasal degeneration overview

Corticobasal degeneration is a tauopathy and not synucleinopathy that belongs to the rare spectrum of progressive neurodegenera-
tive diseases with asymmetric movement dysfunction. It is characterized by a combination of symptoms such as akinetic rigid syndrome,
dystonia, apraxia, myoclonus and alien limb phenomena accompanied by an insidious onset of cognitive decline [54]. Moreover, through
the years it is now widely accepted that corticobasal degeneration begins with cognition and behavior dysfunction and disturbances. In
contrast to the rest of the parkinsonian syndromes the rest of the clinical features involving the motor system are non-specific for the
disease but can occur within other pathological neurodegenerative diseases such as Progressive Supranuclear Palsy, Parkinson’s Disease,
Alzheimer’s Disease and Frontotemporal dementia. Very rarely Cortical basal Degeneration can manifest on its own with the symptoms
mentioned above. The diagnostic tools rely upon a good neurological assessment accompanied with advanced imaging techniques such

as PET Scan. Levodopa treatment shows minimal effect and the only available treatment is the symptomatic [56].

Progressive supranuclear palsy

Physicians Richardson, Steele and Olzewski were the three doctors that discovered and studied about the Progressive Supranuclear
Palsy back in 1963 and noticed that this disease manifests distinctively with supranuclear ophthalmoplegia, nuchal dystonia, pseudobul-
bar palsy and minor dementia. About 5% of the patients that initially show signs of Parkinsonism eventually develop PSP and therefore
it is considered the most frequent form of atypical Parkinsonism. Epidemiological studies suggested that the prevalence of PSP rises to
5 per 100.000 of population while the incidence rate is about 0.005% whereas generally PSP commonly affects persons over 50 years of

age and the expected lifespan reaches at 5 to 10 years [28].

The diagnostic hallmarks that describe the symptomatology of the disease and distinguish it from other types of parkinsonism is the

postural instability during the early stages of the disease, the visual symptoms such as vertical gaze insufficiency, the unexpected falls
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due to the instability and the progressive dementia. In addition, these classic symptoms of the disease are now termed as Richardson
syndrome [29].

First of all gait instability that consequently leads to early falls is accompanied by fractures; which generally occur early in the disease
progression, within the first 1 - 2 years, it is described as asymmetrical broad base, clumsy and stiff with the characteristic feature of
abducted arms and extended knees and step asymmetry that reminds of a drunken person. In contrast to PD in which patients perform
turn unbloc during turns, in PSP patients tend to pivot subsequently, prompting vulnerability to falls [30]. Besides, the major cause of
falls is not only due to a single factor but rather to many contribution factors that influence the likelyhoodness of falls such as decreased
sight of vision, deficient vestibular-visual system, freezing, decreased reflexes while standing, bradykinesia and axial rigidity. Neverthe-

less, the syndrome of pure akinesia with gaize freezing may be confused with Multiple Systems Atrophy that will be discussed next [13].

The second significant distinct feature of the disease is the visual impairment. Mostly visual impairment refers to signs and symptoms
such as blurry vision, decreased vision, double vision, increased sensitivity to light and inability to cope with reading due to decreased
convergence. Furthermore, it is the vertical gaze insufficiency that especially downward it is more prominent in this disease and it is the
most important discernible factor and predictor of PSP while horizontal and upward gaze impairment can develop as well. Likewise,
supranuclear palsy with gazing is generally projected through the reduced speed of vertical eye movements and decreased optokinetic
nystagmus. Other non-specific signs of visual impairment in PSP involve Corneal dryness, blepharospasm, procerus sign (eyebrow con-
traction) and reduced eye blinking with face apraxia especially with the eyes consequently giving a general look of “Mona - Lisa”. Further-
more, is triggered by additional symptoms that are commonly seen is PSP like personality changes along with emotional disturbances

while combined with facial apraxia and dystonia as mentioned above, giving a worried look with constant anxiety [31].

Moving forward during the PSP progression other symptoms may be seen involving the Bulbar system including dysphagia with
increased incidence of aspiration pneumonia, dysarthria, unexpected unintentional vocalizations, spastic and monotonous speech and
phonation apraxia. As far as the neuropsychiatric aspects are concerned during Progressive Supranuclear Palsy there are symptoms of
depression, apathy and general anxiety. Moreover, mood disturbance and mood swings are the predominant neuropsychiatric symptoms
complemented with irritability, agitation, dysphoria and disinhibition. Likewise, the pseudobulbar effect might be seen which is de-
scribed by interchangeable loughs and cries as the mood fluctuates, however the pseudobulbar effect can be found in other parkinsonian

syndromes as well [31].

During the presentation of the distinct clinical features of the disease progressive dementia (frontal and subcortical dementia) can
develop and it is described with cognitive decline, reduced task performance, slow processing of thoughts and speech and reduced
verbalization or reduced usage of vocabulary. In PSP there is a tendency of retaining some clinical features that are seen in PD such as
automatic behaviors that include the three clap test (applause sign) in which the patient fails to stop at three consequently hand claps
and goes on despite the doctor’s instruction to stop. Another exam is the Luria test while the patient cannot accomplish the hand-fist-

palm test at least 6 times in a row [32].

PSP phenotypic variants and diagnostic criteria

The National Institute of Neurological Disorders and Stroke (NINDS) in collaboration with Progressive Supranuclear Palsy Society
(SPSP) developed diagnostic criteria for PSP in order to distinguish the PSP from other PDs and to separate diagnostically the clinical

variants of PSP.

First of all the major criteria for diagnosing PSP include the typical phenotype of Richardson syndrome along with a progressive
course of the disease that typically begins to manifest after the age of 40. The minor criteria that support the likelihood of diagnosis of
PSP are rigidity with unresponsiveness or low response to levodopa therapy in contrast to PD. A stressing factor is that the diagnosis can
be excluded where there is evidence of encephalitis, meningitis, focal brain lesions, other neuropsychiatric signs such as hallucinations
and delusions, autonomic nervous system impairment, alien limb syndrome and ataxia. Although ataxia and other cerebellar manifesta-
tion can lead to diagnosis of exclusion, recently there is a tendency of developing a PSP phenotype with cerebellar signs and symptoms
[33].
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Despite the fact that the diagnosis of PSP is pretty much straight forward if it manifests classically as the Richardson Syndrome, there
are several other phenotypic clinical variants of the disease that will be discussed further (Table 2). First of all the most common clinical
phenotype of PSP is termed as PSP-P (PSP-Parkinsonism) and as the term suggests it is the classical clinical phenotype of PSP with ad-
ditional and intermixed features of PD including bradykinesia, axial rigidity, stiffness and resting tremor. Fortunately, PSP-P generally has
alonger estimated survival rate than other forms of PSP. Prominently enough the oculomotor signs of the disease do not manifest at early
stages, rather they develop slowly as the disease establishes. Moreover, this variant of PSP is the only phenotypic variant that shows re-
sponse to levodopa therapy like in pure Parkinson’s disease where the levodopa response is immediately and at early stages, however the
overall levodopa response is limited [34]. Secondly another variant of PSP is the syndrome with pure akinesia and Gait freezing termed
as PSP-PAGF (PSP-Pure Akinesia with Gait Freezing). PSP-PAGF is described with severe akinesia of gait (freezing) in which the speech
is also involved; no tremor is present while the oculomotor dysfunction and dementia usually develop at late stages of the disease. Other
features include micrographia and decreased facial expression. However, brain MRI reveals significant leukoaraiosis indicating that the

disease shares imaging similarities with Binswanger disease [35].

Variant PSP Clinical Features Regional Pathology*
PSP-RS (Richardson | Early gait instability, falls, supranuclear gaze palsy, axial Dentate, globus pallidus, striatum, midbrain,
Syndrome) rigidity, dysarthria, dysphagia, progressive dementia and superior cerebellar (CBL) peduncle
Tremor, rigid-bradykinesia, Levodopa responsive**
PSP-Parkinsonism Late cognitive decline Substantianigra, subthalamic nucleus
Longer life expectancy (9+ yrs)
PSP-PAGF (Pure Early gait difficulty, freezing of gait/motor block,
akinesia-gait micrographia, speech impairment, Hypophonia Motor cortex, pons, cerebellum
failure) Disease duration (11-15 yr)
PSP-CBS Dystonia, dyspraxia, cortical sensory loss, apraxia speech Frontal and parietal cortex
PSP-PLS (pri Bulbar, limb k ’ t i . . .
(prlm_ary uibar iimb weaxness up.pt.ar motor neuron signs/ Frontal predominant, corticospinal tract
lateral sclerosis) spasticity
PSP-cerebellar Cerebellar ataxia Deep cerebellar nuclei

Table 2: The phenotypic variation of progressive supranuclear palsy.

The third clinical alternate of PSP is the PSP-CBS (PSP- Corticobasal Syndrome). While Corticobasal degeneration (CBD) is another
form of Parkinsonism that it is not covered extensively in this study, there is obvious and distinctive overlap between the symptomatol-
ogy and pathophysiology of PSP and CBD. Merely the Richardson syndrome is frequently absent and not typical with this variant. How-
ever other features such as general dystonia, alien limb sign and apraxia manifest during the course of the progression of PSP. Normally
the response to levodopa treatment for rigidity and bradykinesia that are also present within this variant is diminished. A rare form of
PSP is the PSP-FTD (PSP- Frontal Temporal Dementia). During this rare form of Progressive Supranuclear Palsy the patients develop de-
mentia from early stages accompanied by changes in behavior and cognitive decline. Although the predominant feature is the dementia,
the classic Richardson syndrome can manifest at later stages of the disease while L-Dopa treatment shows no effect. Although the distinct
clinical variants of PSP are those mentioned above there are some other extremely rare cases of PSP that show PSP with Primary lateral
sclerosis variants and PSP with Cerebellar variants. Typically, Primary sclerosis displays nuclear (bulbar) symptoms such as gait and
movement spasticity and difficulties in ocular movements; however supranuclear palsy is generally non evident. There are studies that
suggest some evident cases presenting with cerebellar ataxia symptoms that overlap with PSP, however these cases were found almost

exclusively in Asian population [36].

Investigations for PSP

Despite the fact that Progressive Supranuclear Palsy is mostly diagnosed through clinical examination, diagnostic modalities such as

MRI and other imaging techniques may reveal pathological abnormalities that differentiate PSP from other parkinsonian syndromes.
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To begin with MRI imaging in PSP reveals atrophy at the region of midbrain and superior cerebellar peduncle. Specifically, there is the
appearance of the “humming bird sign” or the “morning glory flower sign” also called “the mickey mouse sign” (Figure 2) in the sagittal
view of the brainstem, however the sensitivity and specificity of these signs stands low at about 50 percent sensitivity and 70 percent
specificity. Another diagnostic modality based on MRI that measures the Brain atrophy at the pathologic region is the midbrain to pons
ratio which is markedly decreased compared to other types of parkinsonism. Moreover, another diagnostic implement which can be ap-
plied to assess the pathology in PSP is the DTI (Diffuse Tensor Imaging) a type of diffuse MRI technique in which white matter tracts can
be visualized. During DTI white matter tracts are significantly reduced or disrupted in the region of thalamic nuclei especially the ante-
rior and medial [37]. Likewise PET scan (Positron Emission Tomography)starts to be used for the detection of abnormalities associated
with PSP indicating decreased metabolic activity in the region of midbrain and the “Papez circuit” (Circuit of neurons in the regions of
the Thalamus, Caudate Nucleus, Cingulate gyrus, Frontal and Prefrontal Cortex) using specific ligands such as '®F-T807/8 and *®F-THK523
[38]. IBZM SPECT (Single Photon Emission Tomography) which is a CT based diagnostic imaging tool used for the detection of defects in
atypical parkinsonism using [*?*I]lodobenzamide radiolabeled ligand that binds to cerebral Dopamine transporters with high specificity
within the basal ganglia, appears to be normal in Parkinson’s Disease and abnormal in atypical parkinsonism, however from this diag-
nostic tool it is difficult to differentiate PSP from other types of atypical parkinsonism such as MSA or CBD [39].

Figure 2: On the left there is the hummingbird sign a pathognomonic feature of PSP showing pons atrophy and on the
right there is the “Mickey Muse Sign” or the “Early Glory Flower Sign” indicating the Midbrain and ponsi atrophy at the
region of the peduncles. From: https://radiopaedia.org.

Treatment strategies for PSP

Up to date there are no known or effective treatment approaches available specifically for PSP therefore supportive treatment re-
mains the only method for treating such patients. Levodopa with amantadine can be useful and neuroprotective; however there is limited
or no response to the majority of the phenotypic variants of PSP especially in Richardson Syndrome. Botulinum toxin can be used to treat
the painful and dystonic face and neck the blepharospasm and the eye apraxia during opening of the eyes. SSRIS (Selective Serotonin
Reuptake Inhibitors) may be used for the treatment of depression, mood swings and anxiety however there is contradicting evidence
showing that it may help or aggravate the apathy. Dementia and decreased cognition can be alleviated with acetylcholinesterase block-
ers such as rivastigmine nevertheless the benefit is only minimal. During recent studies concerning supplementing coenzyme Q10 for
the protection of the neurons there is contradiction between the benefit and no benefit. Moreover, tideglusib a GSK3 inhibitor (glycogen
synthase kinase 3) shows minimal benefit in reducing the brain atrophy. The main conclusion to be drawn regarding the treatment of PSP

is that a more multidisciplinary approach needs to be applied in order to partially treat several clinical aspects such as physical therapy,
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speech therapy, psychological support, psychiatry consultation and supervision, palliative care and other gastrointestinal procedures for
the treatment of dysphagia [40].

Multiple systems atrophy

MSA is a progressive neurodegenerative disease pathologically involving different systems and regions of the brain that is character-
ized by features of Parkinsonism, pyramidal and cerebellar dysfunction and autonomic system failure. According to the system involved
in the pathology of the disease MSA is categorized into three groups. While back in 1960 when it was first studied by researchers initially
this disease was given different names according to the clinical outcome it presents such as Olivopontocerebellar atrophy with cerebellar
and pyramidal signs, striatonigral degeneration with parkinsonian phenotypes and Shy Dragger Syndrome with autonomic failure signs.
Moving forward it was later discovered that it is the same pathological entity that manifests at different regions of the brain henceforth
the grouping and categorization [41]. The two distinct groups of Multiple Systems Atrophy are the MSA-P which manifests with Parkin-
sonian signs and symptoms and autonomic failure at presentation and MSA-C in which the cerebellar clinical features predominate [42].
On the epidemiological point of view MSA has a prevalence quite similar with the prevalence of PSP which is around 4 cases per 100.000
of population and normally the mean age of onset of the disease is around 50 years of age; while expression of such disease by people of
less than 40 years of age is extremely uncommon. The mean survival time from the age of first presentation of symptoms is about 5 to 10
years and has a more insidious character than typical Parkinson’s disease. In addition, MSA as an a-synucleinopathy was found to have a
genetic component in some cases and that is the mutated COQ2 gene which is responsible for the metabolism and synthesis of Coenzyme

Q10; however most of the cases are sporadic [43].

Clinical Features of MSA

MSA-P: MSA is characterized firstly with parkinsonian like symptoms such as hypokinetic rigidity; however there are some distinct clini-
cal characteristics that can be used to separate these two disease entities. First of all the tremor in MSA is observed to be symmetric with
increased frequency and decreased amplitude compared to PD, while a specific feature of the tremor is the jerky myoclonic movement
that is initiated when stimulus is applied; therefore it is found to be caused by cortical dysfunction [44]. Likewise other Parkinsonian
signs that come with MSA-P are the focal dystonia especially to the face and neck muscles that can be really painful, the speech dystonia
causing dysarthria and phonation dysfunction, the dystonia of the trunk muscles giving the “Pisa sign” in which there is an obvious lat-
eroflexion and the camptocormia in which there is anteroflexion of the torso. Severe dysphagia is also appears during the early stages
of the disease and the dystonia and rigidity of neck and trunk muscles can cause laryngeal obstruction and hence stridor consequently

leading to the need of a non-invasive mechanical ventilation apparatus [45].

MSA-C: The cerebellar type of Multiple systems atrophy, usually manifests parallel to the parkinsonian phenotype, however the gait
ataxia prevails. Gait ataxia is accompanied by other symptoms such as decreased balance, wide gait, ataxia of the extremities, difficulties

in speech with voice changes and oculomotor dysfunction involving nystagmus, jerky movements and irregular saccades [18].

Furthermore, along with the parkinsonian and cerebellar clinical aspects of MSA-P and MSA-C there are the autonomic features which
make a crucial part for the diagnosis of MSA and originally described as the Shy Dragger Syndrome. The autonomic failure is generalized
involving the cardiovascular, gastrointestinal, urogenital and respiratory systems. In almost half of the patients with MSA-P and MSA-C
the autonomic features manifest earlier than the parkinsonian and cerebellar signs, making the clinical examination of the autonomic
nervous system an essential predominant feature for the diagnosis of the disease. Most cases with autonomic dysfunction the urogenital
symptoms appear first followed by the cardiovascular symptoms. Firstly, as an outcome of urogenital dysfunction is the impotence that
affects both males with erectile dysfunction and females with decreased sexual arousal and function. Secondly bladder dysfunction may
follow in the majority of cases with incomplete emptying, incontinence, decreased emptying and frequency with urgency. Thirdly the
cardiovascular system comes into the symptomatology with orthostatic hypotension described by a fall of 30mmHg systolic pressure and
15mmbhg diastolic pressure after 3 minutes of standing, syncope, and dizziness as a consequence of decreased perfusion within the brain.
Notably the decreased perfusion to muscles causes “the coat hunger ache” which is the pain at the region of the neck and the shoulders.
Other distinct features of the disease include sleep disturbances, apnea, pseudobulbar effect (described above in PSP section) and respi-

ratory insufficiency [46]. The red flags of the disease are categorized in table 3.
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MSA-P MSA-C

Symmetrical onset Cerebellar limb, gait ataxia
Rapid symptom progression Early gait instability, falls
Jerky, myoclonic, postural/action tremor Dysarthria (scanning, ataxic)
Contractures of hands and feet Dysphagia
Anterocollis, axial dystonia (camptocormia * lateral flexion, or Pisa syndrome) | Gaze impairment (hypo/hyperkinetic saccades)
Early gait difficulty, falls Lower and upper motor neuron signs
Severe dysphonia, dysarthria Emotionality, depression, anxiety
New/increased snoring, sleep apnea Progressive dementia
Respiratory/laryngeal stridor No family history of ataxia or parkinsonism

Hyperreflexia, Babinski’s

Pseudobulbar affect (emotional lability)
Cold hands/feet
Dysautonomia (69% vs 5% in PD)

Poor/unsustained levodopa response (~30%)

Orofacial dyskinesia/dystonia

Table 3: Distinct features and red flags of the Parkinsonian type MSA-P and the Cerebellar type MSA-C. McFarland NR.

Diagnostic Approach to Atypical Parkinsonian Syndromes.

Investigations

The most crucial diagnostic element is the cautious clinical examination of the patient. However, imaging techniques help in the di-
agnosing and differentiation of MSA form PD and other forms of atypical Parkinsonism. A distinctive feature in MRI imaging is the “hot
cross bun sign”, found in sagittal view of the brainstem that it is formed through the degeneration and atrophy of the pons and nearby
regions such as the middle cerebellar peduncles and olivopontocerebellar degeneration (Figure 3). Additionally, the in T2 MRI imag-
ing an obvious hypodense area is found within the basal ganglia especially the putamen with a hyperintense rim like region indicating
atrophic erosion and iron deposits respectively (Figure 3) [47]. Functional MRI indicates atrophy within the striatum. Regarding other
imaging modalities such as SPECT, PET and DAR scan, utilization of 125I-ioflupanea radiolabeled ligand with high affinity for presynaptic
dopamine receptors and transporters, demonstrates defect metabolism within the basal ganglia. However, it is difficult to distinguish
between the parkinsonian syndromes as they all show the defect of dopamine transportation [48]. A different diagnostic modality can
be the scintigraphy using the '*’I-metaiodobenzylguanidine (MIBG) neurotransmitter which is a radiopharmacon and an analog of nor-
adrenaline and adrenaline and can be up taken by the sympathetic neurons, while successively aids with the visualization of neurons
in the heart. Subsequently it is a valuable technique that is used to distinguish Parkinson’s disease from MSA whereas in Parkinson’s
disease there is marked reduction in the uptake of MIBG within the sympathetic neurons of the heart due to postganglionic denervation
that is seen in PD patients. Dopamine is the second step in the process of biosynthesis of noradrenaline. Other tests that can be useful
in assessing the orthostatic hypotension feature of MSA is the 24-hour ambulatory test of blood pressure. Urodynamic studies indicate
urine bladder dysfunction and impotence test for sexual dysfunction in men. Likewise there are some cerebrospinal fluid? (CSF) markers
that can be useful such as a-synuclein, Ab42 (amyloid marker) and Fit3 ligand (neurotropic factor) but their sensitivity and specificity

remains controversial [48].

Treatment of MSA

Just like Progressive Supranuclear Palsy treatment for MSA needs a multidisciplinary approach aiding in rehabilitation and sup-

port. Consequently, there is not an effective treatment for MSA yet; making the use of supportive treatment measures the only solution.
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Figure 3: On the left the rim like region is evident suggesting iron deposition paired with atrophy. On the right there is the hot cross bun
sign which shows the degeneration and atrophy of the pons. From: https://radiopaedia.org.

However up to one third of patients that predominantly express the parkinsonian feature administration of high dose of levodopa (1000
mg 3 times a day) can have a modest effect. Successively, the use of dopamine agonists might be of use in the parkinsonian type MSA,
nevertheless their potency is much lower than levodopa [50]. There is no specific treatment for the orthostatic hypotension and only
supporting measures can be used to alleviate the severity such hydration, increased salt intake, and compression aids such as stockings.
Another smart way to counteract the decreased blood pressure is through the use of hydrocortisone (up to 3g per day) which increases
the water retention and subsequently the blood volume. Other pharmacologic agents that can be used to treat hypotension including an
al agonist of the blood vessels such as midodrine, pyridostigmine (acetylcholinesterase blocker) and droxidopa (noradrenaline precur-
sor which crosses the Blood Brain Barrier). Antispasmodics such as oxybutynin reduces the symptoms of the defective or neurogenic
bladder, however botulinum toxin is frequently used with success. Erectile dysfunction in men can be treated with sildenafil, however its
use is contradictive due to the fact that it lowers the blood pressure ever further therefore other strategies such as intrapenile injections

of alprostadil or implantation of penile expanders can have an effect [49].

Dementia with lewy body

Dementia with Lewy Bodies is characterized by progressive degeneration of nerves involved in memory and cognition. It is currently
the second leading cause of dementia (first leading cause is the Alzheimer’s Disease) and shares similar features with Parkinson’s dis-
ease, however the dementia predominates. Usually symptoms start after the age of 50 and the progression of dementia is fast with an

incidence of 0.1 to 0.2 percent each year and prevalence of 0.4% [27].

Clinical features of LBD

The symptomatology of the disease is described by first of all highly progressive dementia which is followed by some of the parkin-
sonian features such as akinetic rigid movements and tremor. Secondly there is a marked reduced in cognition that is fluctuating over
the day with a general decline as the disease progresses and it is usually accompanied by decreased awareness and alertness. Thirdly a
common clinical feature in patients with LBD is the visual hallucination of a periodic character. Some other clinical symptoms that can
overlap with other forms of atypical Parkinsonism are the gait imbalance associated with falls which is commonly seen in PSP and ortho-
static hypotension which is seen in MSA along with neuropsychiatric features such as delusive paranoia. Stressing enough is the fact that

the use of neuroleptics can worsen the symptoms of MSA in half of the patients [27].
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Investigations

Diagnosis of Dementia with Lewy Body has a strong clinical examination background however other investigation means can have
a crucial part in the proper diagnosis. MRI imaging can show a general neurodegeneration and atrophy within the basal ganglia and at
the region of the thalamus while the main distinction from Alzheimer’s disease is that the atrophy remains diffusely within the caudate
nucleus, putamen and thalamus while in AD the atrophy involves mostly the cortex and mainly the mesotemporal lobes while the oc-
cipital lobe is preserved. Other functional imaging techniques using '2I-FP-CIT SPECT for the visualization of the dopamine transporters
and BF-FDG PET for accessing the metabolism and uptake glucose within the brain parenchyma demonstrate a general dopaminergic
deficit, hypo perfusion and areas of decreased metabolism especially within the occipital lobe and visual cortex making the differential
diagnosis between Alzheimer’s Disease and Dementia with Lewy Bodies. Notably there is also $-amyloid deposition in some areas which
is the major pathognomonic feature of AD, however the amount of f-amyloid deposition is markedly lower than in AD. Other tests can be

performed in the clinical setting involving drawing test which shows decreased visuospatial performance [51].

Therapeutic strategies

Unlike the other parkinsonian syndromes that show no to limited response to levodopa, in Dementia with Lewy Body administration
of L-DOPA demonstrates good response, yet its use remains controversial due to the fact that it exacerbates neuropsychiatric aspects of
the diseases such as psychosis, delusions and hallucinations. Therefore, during treatment all three aspects of the disease need to take
up into consideration including the dementia with the cognitive decline, the Parkinsonism with the akinetic rigid syndrome and the psy-
chosis with delusions and hallucinations [52]. The dopaminergic activating properties of dopamine agonists at the prefrontal cortex, the
basal ganglia and the Limbic system negatively influences the psychotic aspects of the disease therefore the use of dopamine agonists or
their non-dopaminergic counterparts such as monoamine oxidase inhibitors, Acetylcholine antagonists or amantadine which increase
the potential of psychosis, cognitive decline, dementia and confusion need to be avoided [52]. Nevertheless, pharmacological manage-
ment of the neuropsychiatric aspects of the disease once levodopa is administered for the control of the motor symptoms is firstly reduce
the levodopa or any other dopamine activating agent. Then, atypical antipsychotics can be used such as quetiapine (Dopamine receptor
antagonist, serotonin receptor agonist and minor antagonist, acetylcholine receptor antagonist). Moreover clozapine can be used for
the treatment of psychosis and hallucinations which binds to serotonin receptors and dopamine receptors of the brain consequently
increases their concentration. However, its use need to be quite monitored for adverse side effects such as agranulocytosis of blood and

decreased blood pressure especially orthostatic hypotension [53].

Corticobasal degeneration

Corticobasal degeneration or corticobasal syndrome is a sporadic tauopathy and not a-synucleinopathy as the majority of parkin-
sonian disorder which usually presents on its own or as a consequence of other diseases such as Alzheimer’s disease or Progressive
Supranuclear Palsy (as mentioned above). Pure Corticobasal syndrome is a very rare disease which manifests as asymmetric parkinson-
ism (tremor, Bradykinesia, stiffness) which is levodopa resistant accompanied by dystonia, general apraxia, aphasia, decreased sensory
inputs from cortex, alien limb, decreased language functionality with dysarthria and dysphagia, frontotemporal dementia and myoclonic
phenomena [54]. The average prognosis from the first manifestation of symptoms is up to 8 years and usually affects people above the

age of 60 with a prevalence of 5 to 7 people per 100.000 of population [55].

Clinical features of CBD

Clinically Corticobasal degeneration is described by asymmetric Parkinsonism like bradykinesia, dystonia and rigidity usually impli-
cating only one limb and later progresses to other parts complemented by myoclonus [56]. The alien limb phenomenon is evident as it
is slightly elevated and uncoordinated and it is explained by patients as it has its own mind and it acts autonomously from the rest of the
body. Sometimes that affected limb can be described as useless or paralyzed. Ideomotor apraxia is another district clinical feature of the
disease in which the patient finds hard time to initiate a controlled task involving planning skills, language organization, sensory inputs
and motor outcome therefore the patient is incapable of following and mimicking some tasks or gestures such as showing signs with
their hands. Moreover, frontotemporal dementia manifests later in the disease and majorly the episodic memory is unaffected during
the early stages of dementia as opposed to the Alzheimer’s disease. Impaired cortical sensation is often seen when the patient loses the

ability of stereognosis or two point discrimination point [57].
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Investigations

The best investigation tool for the diagnosis of CBD is the combination of a careful neurologic examination and imaging techniques.
Likewise, the standard imaging modalities such as MRI or CT can reveal findings of general atrophy within the frontal and parietal lobes.
Interestingly enough, other functional imaging modalities can be more specific to findings. PET scan using [F18]fluorodeoxyglucose
indicates decreased usage and metabolism of the probe ([F18]fluorodeoxyglucose) by the cortical centers of the brain especially frontal,
while PET scan using ['®F]dopa (dopamine probe) and "#*[+B-CIT (dopamine transporter ligand) DAT scan show dopaminergic loss of

neurons within the basal ganglia that follow an asymmetric manner [39].

Treatment

CBD although a disease that responds majorly to supportive measures, it shows some alleviation of symptoms with levodopa admin-
istration (1g per day). Other pharmacological agents that can be used to supportively control the symptoms of the disease especially the
parkinsonian phenotype are the amantadine and valproate or levetiracetam for the control of myoclonic episodes. In addition, muscle
relaxants such as baclofen and botulinum toxin can have good outcomes when the patient presents with marked rigidity and reduced
functionality of movements due to stiffness [58]. However, supporting measures using a multidisciplinary approach need to be taken into

consideration such as physical therapy, physical exercise, speech and language therapy and psychological support.

Conclusion

For many years atypical Parkinsonism remains a challenge between physicians and neurologists due to the diagnostic challenges
that arise in distinguishing between the different clinical variations of the disease. While the majority of the diseases described as par-
kinsonian diseases have no specific markers either in blood or CSF and the imaging techniques have low specificity due to the common
clinicopathological background that describe such clinical entities, puts the majority of stressing effort to the clinical diagnosis through
careful neurological examination. Nevertheless, imaging techniques might assist to the diagnosis and differential diagnosis only if it is

combined with the clinical examination.

Atypical parkinsonism as the name denotes includes all the diseases that share a common clinical feature which is the parkinsonian
phenotype described by tremor, rigidity and bradykinesia along with some other complementary symptoms. Subsequently, they share
similar pathological background within the brain and according to the region affected each disease separately develops distinct features.
Furthermore, these distinct features between atypical Parkinsonism can be used as red flags in neurological examination in order for
the proper diagnosis. Although clinical criteria have been proposed previously in order to separate and categorize each disease based on
clinical phenotype, their application to practice is difficult because of the overlap of symptoms that the atypical parkinsonian diseases
share. Likewise the common treatment strategies that apply to Parkinson’s Disease although supportive show minimal response when
applied to atypical parkinsonian syndromes or they even cause more harm than good (i.e. corticobasal degeneration) therefore it is
highly crucial to establish a correct diagnosis first and then proceed with the disease treatment with a plan that only assists in the man-
agement of the specific disorder. Even though there is some disease biomarkers for example a-synuclein for the majority of parkinsonian
syndromes and fit3 ligand for Multiple Systems Atrophy their use is often non-specific making the future directions for the differential

diagnosis of atypical Parkinsonism to help in the development of diseases specific biomarkers.
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