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Parkinsonism is a clinical syndrome presenting with bradykinesia, tremor, rigidity, and pos-
tural instability. Nonmotor symptoms have recently been included in the parkinsonian syn-
drome, which was traditionally associated with motor symptoms only. Various pathologically
distinct and unrelated diseases have the same clinical manifestations as parkinsonism or par-
kinsonian syndrome. The etiologies of parkinsonism are classified as neurodegenerative dis-
eases related to the accumulation of toxic protein molecules or diseases that are not neurode-
generative. The former class includes Parkinson’s disease (PD), multiple-system atrophy,
progressive supranuclear palsy, and corticobasal degeneration. Over the past decade, clinical
diagnostic criteria have been validated and updated to improve the accuracy of diagnosing
these diseases. The latter class of disorders unrelated to neurodegenerative diseases are classi-
fied as secondary parkinsonism, and include drug-induced parkinsonism (DIP), vascular
parkinsonism, and idiopathic normal-pressure hydrocephalus (iNPH). DIP and iNPH are
regarded as reversible and treatable forms of parkinsonism. However, studies have suggested
that the absence of protein accumulation in the nervous system as well as managing the un-
derlying causes do not guarantee recovery. Here we review the differential diagnosis of PD and
parkinsonism, mainly focusing on the clinical aspects. In addition, we describe recent updates
to the clinical criteria of various disorders sharing clinical symptoms with parkinsonism.

Keywords Parkinsonian disorders; Parkinson’s disease; Parkinson-plus syndromes;
Parkinson disease, secondary; differential diagnosis.

INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative disease in which Lewy bodies accumulate
in the substantia nigra within the midbrain,' leading to motor dysfunction characterized
by bradykinesia, rigidity, tremor, and postural instability.>* These characteristic symptoms
are caused by the degeneration of dopaminergic neurons due to the deposition of Lewy
bodies, which leads to dopamine dysregulation in the basal ganglia motor circuit.* These
complex motor symptoms, called parkinsonian symptoms or simply parkinsonism, were
initially considered to be specific to PD until similar symptoms were found in various oth-
er neurodegenerative diseases and conditions, including progressive supranuclear palsy
(PSP), dementia with Lewy bodies, multiple-system atrophy (MSA), and corticobasal de-
generation (CBD).>® These neurodegenerative diseases show neuropathological findings
distinct from those of PD and may be termed “Parkinson-plus syndromes””® Differentiat-
ing these diseases is difficult, particularly in their early stages, because they commonly pres-
ent as parkinsonism. Neuroimaging studies, including brain magnetic resonance imaging
(MRI), dopamine transporter (DAT) imaging, and fluorodeoxyglucose (FDG) positron-
emission tomography (PET) have improved the diagnostic accuracy in differentiating dis-
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eases presenting with parkinsonism.”'? However, the relative-
ly low sensitivity and specificity of brain imaging mean that
clinical evaluations and neurological examinations are im-
portant for ensuring accurate diagnoses of parkinsonism pa-
tients. Various neurodegenerative diseases manifest parkin-
sonian symptoms, but each has distinct neuropathological
findings that distinguish it from PD, as well as different clini-
cal courses and outcomes.*"?

In addition to neurodegenerative diseases, various condi-
tions classified as secondary parkinsonism and other heredo-
degenerative diseases are listed in the differential diagnosis of
parkinsonism (Table 1). Here we review the clinical aspects
of PD and Parkinson-plus syndromes, including PSP, MSA,
and CBD. In addition, we review the clinical characteristics
and diagnosis of secondary parkinsonism.

PARKINSON’S DISEASE

The clinical syndrome of PD was first described in “An Essay
on the Shaking Palsy” by James Parkinson, and is clinically
characterized by bradykinesia, resting tremor, rigidity, and
postural instability, with these symptoms collectively termed
parkinsonism."* The motor symptoms in PD are caused by
dysfunction of the basal ganglia cortical motor circuit due to
the degeneration of dopaminergic neurons in the substantia
pars compacta, which is a pathological hallmark of PD.">"
Bradykinesia is a key motor symptom of PD, which presents
as difficulties in planning, initiating, and executing move-
ment, and performing sequential tasks. Other manifestations
of bradykinesia include loss of spontaneous movements and
drooling due to swallowing difficulty, monotonic and hypo-
phonic speech, masked face (loss of facial expression), de-
creased eye blinking, small-amplitude movements of the limbs
(e.g., reduced arm swing while walking), micrographia, and
stooped posture. Rigidity manifests as increased resistance to
passive limb movements over all ranges induced by an exam-
iner. When rigidity is associated with an underlying tremor,
the “cogwheel” phenomenon can be present. Rigidity can be
associated with pain, and it is sometimes misdiagnosed as
arthritis or bursitis. Resting tremor is an easily recognized
symptom of PD. It is initially unilateral, at a frequency of 4-6
Hz, and prominent in the distal part of the extremities. The

tremor increases during walking, and disappears when the
involved arm is moving and during sleep. The “pill-rolling”
tremor involves alternating contractions of the supinator and
pronator muscles in one hand. Resting tremors can be pres-
ent in the lips and chin. Postural instability refers to the loss
of postural reflexes, which manifests in the advanced stage
of PD. The degree of postural instability (retropulsion) can
be assessed by rapidly pulling the patient backward by the
shoulder (“pull test”). Postural instability and gait distur-
bance (PIGD) usually occur in patients with advanced PD,
but also develop in the early stage of disease in about 20% of
patients."®

Patients with PD can be classified based on the main motor
manifestations into tremor-dominant and PIGD subtypes'>*
The clinical course is worse in the PIGD subtype than in the
tremor-dominant subtype."**' Freezing of gait (FOG), which
has been defined as “brief, episodic absence or marked re-
duction of forward progression of the feet despite the inten-
tion to walk,” usually occurs in patients with an advanced
stage of PD.”> PIGD and FOG contribute to the risk of falls
and bone fractures. The Hoehn and Yahr? stage is common-
ly used to evaluate the functional severity of PD, and pro-
vides a gross assessment of disease progression, which ranges
from no sign (stage 0) to bedridden (stage 5). The Unified
Parkinson’s Disease Rating Scale (UPDRS) is another well-
established scale for assessing disability and impairment.**
The revised MDS-UPDRS (sponsored by the Movement Dis-
order Society) is more sensitive to detecting small changes
and integrating nonmotor symptoms of PD.*? Various non-
motor manifestations present with the progression of motor
symptoms or even before motor manifestations develop.*”**
Nonmotor manifestations of PD include sensory dysfunc-
tion, autonomic dysfunction, psychiatric symptoms, cogni-
tive dysfunction, and autonomic dysfunctions such as con-
stipation, urinary incontinence, and postural hypotension.
Anosmia, depression, and sleep disorders such as rapid-eye-
movement sleep behavior disorder (RBD) are nonmotor man-
ifestations preceding the development of motor symptoms
that indicate the prodromal stage of PD.*®

Pathologically, PD results from dopaminergic neuronal
degeneration in the substantia nigra and is associated with
Lewy bodies, which are intracellular eosinophilic inclusion

Table 1. Classification of parkinsonism and the etiologies in each category

Neurodegenerative diseases Secondary parkinsonism Heredodegenerative diseases

Parkinson's disease Drug-induced parkinsonism Spinocerebellar ataxia

Progressive supranuclear palsy Vascular parkinsonism Huntington's disease

Multiple-system atrophy Normal-pressure hydrocephalus Neurodegeneration with brain-iron degeneration

Corticobasal degeneration Traumatic encephalopathy Dopa responsive dystonia

Dementia with Lewy bodies Toxic encephalopathy Wilson's disease
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bodies containing aggregates of a-synuclein.” Neuron loss
is found in many other brain areas beyond the substantia
nigra, including the locus coeruleus, raphe nucleus, and hy-
pothalamus.” Braak et al.*" hypothesized that Lewy body pa-
thology progresses from the olfactory bulb to the cerebral
cortex (from stage 1 to stage 6). According to that hypothesis,
PD patients experiencing the onset of parkinsonian motor
symptoms would already be in pathological stage 3. Braak’s
staging has provided insight into the concept of prodromal
PD as well as improved the awareness of the importance of
nonmotor manifestations as symptoms in the premotor stage
of PD.*

PD is primarily diagnosed by neurological examinations,
and is also based on the cardinal symptom of an excellent re-
sponse to levodopa administration. Structural neuroimag-
ing is mostly used to exclude structural lesions that might be
responsible for parkinsonism, such as hydrocephalus, brain
tumor, or vascular lesions. A clinicopathological study found
that about a quarter of patients clinically diagnosed with PD
were subsequently confirmed as having other diseases in post-
mortem pathology.”® With the recent development of neuro-
imaging tools, DAT imaging can now detect presynaptic do-
paminergic degeneration with high sensitivity and specificity,
which aids in the diagnosis of PD (Fig. 1). This test can be
useful for the differential diagnosis of PD from parkinsonism
caused by drug-induced parkinsonism (DIP), vascular par-
kinsonism (VaP), and normal-pressure hydrocephalus (NPH),
and there is increasing evidence of its effectiveness in dis-
criminating neurodegenerative diseases defined as Parkin-
son-plus syndrome.*** Standard clinical diagnostic criteria
and validation processes have improved the accuracy of pre-
mortem diagnoses of PD. The clinical diagnostic criteria for
PD were first described by the UK Brain Bank in 1988,
and they were widely used until the MDS proposed new clini-
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Fig. 1. Dopamine transporter image in Parkinson's disease. A: ['F]-
N-3-fluoropropyl-2-betacarboxymethoxy-3-beta-(4-iodophenyl)
nortropane positron emission tomography computed tomography in
a patient with Parkinson's disease shows decreased uptake of the
dopamine transporter (DAT) in the bilateral putamen, severely on the
right side, with an anterior-posterior gradient. B: Normal DAT uptake
in the striatum in a healthy subject.
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cal criteria in 2015.”7 These criteria employ a two-step pro-
cess to diagnose PD. The first step involves the definition of
parkinsonism as bradykinesia plus rigidity or tremor at rest.
Postural instability is omitted from the definition of parkin-
sonism in the MDS criteria. In particular, the definition of
bradykinesia has become stricter when the response decreas-
es during repetitive movement (“sequential effect”). This first
step helps to avoid the false-positive inclusion of patients with
walking disorders and posture abnormalities due to muscu-
loskeletal problems. In the second step, a diagnosis of clini-
cally probable or clinically possible PD is made by combin-
ing supportive features, exclusion criteria, and red flags. PD
could be excluded if any exclusion criterion are present, which
strongly suggests a parkinsonian syndrome other than PD.
This includes overt cerebellar dysfunction, supranuclear gaze
limitation, dementia consistent with the diagnostic criteria
of behavioral variant frontotemporal dementia (FTD) or pri-
mary progressive aphasia within 5 years, evidence of DIP,
unequivocal neurological signs supporting corticobasal syn-
drome (CBS), normal imaging of the presynaptic dopami-
nergic system, and documentation of an alternative condi-
tion that is more likely than PD. Four supporting PD criteria
and ten red flags are counterbalanced when diagnosing clini-
cally probable PD, with more than two red flags not being al-
lowed. Clinically established PD patients need to have two or
more supportive criteria and no red flags. A validation study
showed that the MDS clinical diagnostic criteria improved
the diagnostic accuracy for PD compared with the UK Brain
Bank criteria.”®

The mean survival duration from diagnosis to death in
patients with PD was 14 years in a clinicopathological study
at Queen Square Brain Bank. A lower age at onset, midline
symptoms, and absence of depression were related to longer
survival.*® Research on the prognosis of PD related to clini-
cal subtypes is ongoing, and nonmotor symptoms at the time
of diagnosis are known to be related to the prognosis.*”** Non-
motor manifestations associated with a poor prognosis include
postural hypotension, cognitive impairment, and RBD.* Along
with providing consensus diagnostic criteria, the MDS pro-
posed research criteria for prodromal PD.* The likelihood
ratio was calculated based on eight risk markers (male sex,
regular pesticide exposure, occupational solvent exposure,
nonuse of caffeine, nonsmoking, family history of PD, known
gene mutations, and substantia nigra hyperechogenicity) and
nine prodromal markers (RBD, abnormal motor movements,
olfactory loss, constipation, excessive daytime somnolence,
symptomatic hypotension, severe erectile dysfunction, uri-
nary dysfunction, and depression). Applying the prodromal
PD criteria in prospective cohorts produced high specificity
and negative predictive values (>98%), but low sensitivity and
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positive predictive values.* It has recently been proposed that
the research criteria for prodromal PD need to be updated.”

Diagnosing PD is currently based on cardinal motor symp-
toms including bradykinesia, rigidity, and tremors. Differen-
tiating PD from Parkinson-plus syndromes (e.g., PSP, MSA,
and CBD) and different types of secondary parkinsonism
(e.g., DIP, VaP, and idiopathic normal-pressure hydrocepha-
lus [iNPH]) is the main step in diagnosing PD. It is likely that
a consensus on the application of diagnostic criteria for the
prodromal stage of PD will appear in the near future, along
with disease-modifying therapeutic strategies.

PROGRESSIVE SUPRANUCLEAR PALSY

PSP is a rare neurodegenerative disorder characterized by su-
pranuclear gaze palsy, gait disturbance, frequent falling, and
various neuropsychiatric manifestations, with imaging reveal-
ing neurofibrillary tangles and neuropil threads in the pons,
substantia nigra, subthalamic nucleus, and pallidum.* PSP is
one of the most common primary tauopathies, and it shares
pathology with CBD.” The mean age at onset is typically 65
years in patients with classic PSP-RS (Richardson syndrome).
In classic PSP-RS, supranuclear vertical gaze limitation (pa-
tients typically complain of difficulty looking down, but this
vertical gaze paresis will correct when the examiner passively
rolls the patient’s head in the vertical line) presents with limi-
tations of pursuits, slow saccade movements, and the around-
the-house sign. These eye-movement abnormalities are asso-
ciated with midbrain atrophy and characteristic MRI findings
in PSP (Fig. 2A and B). Prominent axial rigidity with upright
posture and frequent falling within 3 years due to early bal-
ance difficulties are typical clinical manifestations of PSP-RS.
Initial medical attention is needed when patients show pos-
tural instability and a tendency to fall. Cognitive abnormali-
ties are also observed, especially in processing speed during
frontal executive function. Memory impairment and visuo-
spatial dysfunction are unusual because frontal lobe involve-
ment is dominant. Until the new diagnostic criteria were pro-
posed in 2017 by the MDS,* the clinical criteria proposed by
the National Institute of Neurological Disorders and Stroke
and Society for PSP (NINDS-SPSP) in 1996 were widely used.
Because vertical supranuclear gaze palsy or slow vertical sac-
cades and postural instability with early falls are mandatory
for diagnosing PSP, the diagnostic specificity for pathologi-
cally proven PSP was excellent in the NINDS-SPSP diagnos-
tic criteria.*” However, the diagnostic sensitivity for the early
stage of PSP-RS was low. In addition, various clinical pheno-
types have been reported, with 74% of patients with PSP re-
portedly showing variant presentations other than PSP-RS.**!

The MDS clinical diagnostic criteria of 2017 based on the
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basic features of mandatory inclusion, exclusion criteria, and
context-dependent exclusion criteria subdivide the core fea-
tures into ocular dysfunction, postural instability, akinesia,
and cognitive dysfunction domains for diagnosing the vari-
ant form of PSP.* By integrating clinical features and clues,
the diagnostic criteria defined definite, probable, possible, and
“suggestive of” PSP according to the certainty of a PSP di-
agnosis, adding the predominant type according to the com-
bination of core features. PSP variants other than PSP-RS
include PSP-ocular motor, PSP-postural instability, PSP-par-
kinsonism (PSP-P), PSP-frontal (PSP-F), PSP-progressive gait
freezing (PSP-PGF), PSP-CBS, PSP-speech/language (PSP-SL)
disorder, and PSP-primary lateral sclerosis. PSP-P and PSP-
PGF are classified as “brainstem” variants.” These subtypes
have a benign clinical course, with a survival time exceeding
10 years. Patients with PSP-P are frequently misdiagnosed
clinically as PD because they present with asymmetric par-
kinsonism without supranuclear palsy in the early stage. In
addition, they exhibit moderate levodopa responses and some-
times show a sustained response with long-term levodopa-
induced dyskinesia. “Cortical” variants of PSP include PSP-
CBS, PSP-F, and PSP-SL. These clinical variants are difficult
to diagnose because they overlap with the clinical manifesta-
tions of CBD and frontotemporal lobar degeneration belong-
ing to the same tauopathies. Autonomic dysfunction rarely
develops in PSP, in contrast to in PD. Cerebellar ataxia, which
is common in MSA, is also unusual, and is distinct from gait
unsteadiness. Although the cerebellar variant of PSP has been
reported in Japanese patents, it is extremely rare.”” Levodopa
responsiveness to parkinsonism and postural instability is
temporary and limited, although long-term benefits are fre-
quently observed in patients with PSP-P.** Botulinum toxin
might be helpful in improving severe retrocollis and eyelid-
opening apraxia. Deep brain stimulation targeting the pedun-
culopontine nucleus was expected to improve symptoms of
postural instability in patients with PSP, but its effectiveness
has not been demonstrated. Frequent falls are a substantial
cause of morbidity in patients with PSP due to head trauma
and fractures. The terminal stage of the disease is character-
ized by severe difficulty in speech articulation, axial rigidity,
immobility, and swallowing difficulty, which can lead to fre-
quent aspiration pneumonia. The mean disease duration from
onset to death across all variants is approximately 8.7 years,
ranging widely from 2 to 28 years. The PSP-RS phenotype
shows the worse clinical course, whereas the PSP-P pheno-
type is relatively benign.*

PSP is a tauopathy presenting with a Parkinsonism pheno-
type. Tauopathy diseases—PSP, CBD, frontotemporal lobar
degeneration, and Alzheimer’s disease—share certain clinical
syndromes and pathological disease entities. PSP-P and PSP-
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Fig. 2. Brain MRI in Parkinson-plus syndromes. A and B: Brain MRl in a patient with progressive supranuclear palsy shows midbrain atrophy. The
arrowhead indicates the hummingbird sign in a sagittal T1-weighted image (A) and the arrow indicates the morning-glory sign in an axial T1-
weighted image (B). C and D: Brain MRI in a patient with multiple-system atrophy. C: Cerebellar-pontine atrophy is shown in a T1-weighted sagit-
tal image. D: Atrophy in the middle cerebellar peduncle and the hot-cross-bun sign (arrowhead) are shown in a T2-weighed axial image. E: Brain
MRI FLAIR images in a patient with corticobasal syndrome showing severe asymmetric parietofrontal atrophy on the left side.
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PGF may be difficult to treat in the early stages of PD. Care-
ful neurological examinations for detecting the slowing of
vertical saccadic eye movements and convergence impair-
ment in the accommodation reflex might be important. Hy-
pometabolism of the frontal cortices, basal ganglia, thalamus,
and midbrain on FDG-PET would be helpful in diagnosing
PSP, despite imaging findings not being included in the con-
sensus criteria for PSP

MULTIPLE SYSTEM ATROPHY

MSA is a fatal and progressive neurodegenerative disorder
characterized by autonomic dysfunction, parkinsonism, and
cerebellar ataxia due to glial and neuronal cytoplasmic a-synuclein-
positive inclusions throughout the nervous system.* Parkin-
sonism and cerebellar dysfunction appear as symptoms asso-
ciated with autonomic dysfunction. Parkinsonism-dominant
MSA and cerebellar-dysfunction-dominant MSA are classi-
fied as MSA-P and MSA-C subtypes, respectively.”** This clas-
sification is straightforward at the beginning of the disease,
but it is common for all symptoms to appear as the disease
progresses.” Marked autonomic dysfunction early in the dis-
ease course is a key feature of MSA and is mandatory for a
clinical diagnosis.””** Urogenital dysfunction and orthostatic
hypotension are characteristic of dysautonomia in MSA.* The
MSA-P subtype is about four times more prevalent than the
MSA-C subtype in Western patients, whereas the MSA-C sub-
type is more frequent in Japanese patients. It was reported
recently that the MSA-P subtype is approximately twice as
common as the MSA-C subtype in China,® but the subtype
prevalence rates in other Asian countries remain unclear.
Parkinsonism in patients with MSA is difficult to differen-
tiate from that in patients with PD in the early stage. More-
over, akinetic-rigid syndrome in parkinsonism is almost iden-
tical to that in PD patients. Parkinsonism in the MSA-P subtype
typically responds poorly to levodopa, whereas more than 30%
of patients with MSA-P show transient levodopa-induced im-
provement early in the disease course.®” The dystonic type of
levodopa-induced dyskinesia affecting the cranium and neck
muscles occurs in about half of the patients, and this feature
is considered to be distinct from levodopa-induced dyskine-
sia occurring in patients with PD.*® Patients with the MSA-C
subtype show gait ataxia, scanning dysarthria, and uncoor-
dinated limb movements due to cerebellar dysfunction. Neu-
rological examinations frequently reveal oculomotor distur-
bances, including gaze-evoked nystagmus, saccadic pursuit,
and hyper- or hypometric saccades. It is very difficult to dif-
ferentiate the early stage of MSA-C when only mild cerebel-
lar ataxia is present, including mild tandem gait instability,
from other forms of cerebellar ataxia such as spinocerebellar
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ataxia and fragile-X-associated tremor ataxia syndrome.”**%

Tremor is common in both MSA subtypes, with a charac-
teristic pattern of postural tremor including a jerky myoclonic
component that distinguishes it from PD.% RBD, sleep ap-
nea, frontal executive dysfunction, and rare visual hallucina-
tions may occur in patients with MSA.* RBD, which is known
to be marker of synucleinopathy,”” often appears several years
before the occurrence of key features of MSA, as in the case
of PD. Diagnosing MSA relies on clinical diagnostic criteria
consisting of probable and possible MSA-C or MSA-P sub-
types.”®® The second consensus criteria included brain im-
aging findings as additional features for diagnosing possible
MSA > These include atrophy of the putamen, cerebellum,
middle cerebellar peduncle, or pons in brain MRI (Fig. 2C
and D); hypometabolism in the putamen, brainstem, and cer-
ebellum in FDG-PET; and presynaptic nigrostriatal dopa-
minergic degeneration in DAT imaging. The sensitivities of
the second consensus criteria were 41% and 18% for possi-
ble and probable MSA, respectively.”® Additional features sup-
porting (red flags) or opposing MSA have been proposed to
increase the initial diagnostic accuracy. Six red-flag catego-
ries were identified: early instability, rapid progression, abnor-
mal posture, bulbar dysfunction, respiratory dysfunction, and
emotional incontinence.” Applying red flags increased the
sensitivity and specificity of diagnostic criteria to 92% and
63%, respectively, and additionally led to possible MSA-P and
probable MSA-P being diagnosed a mean of 15.9 months ear-
lier compared with only applying the consensus criteria of
MSA.® Since more than 10 years have passed since the sec-
ondary clinical consensus criteria were established, it has been
suggested that “clinically established MSA” needs to be add-
ed to support the existence of a mixed type of MSA that can-
not be clearly divided into the MSA-C or MSA-P subtype,
and to consider new variants of MSA that include MSA with
pure autonomic failure and MSA with a corticobasal presen-
tation. The low diagnostic accuracy of the latest consensus
diagnostic criteria, the clinical heterogeneity of MSA, and the
need to diagnose in the prodromal stage encourage the de-
velopment of new criteria for MSA.** At present, only symp-
tomatic management is practically available, although the
promising results of stem cell treatments for patients with
MSA are raising expectations for future disease-modifying
treatments.”””" The importance of diagnosing prodromal MSA
would be emphasized for the application of disease-modi-
fying treatment.”

CORTICOBASAL DEGENERATION

CBD is a distinct pathological disease entity characterized
by the deposition of hyperphosphorylated four-repeat tau in



cortical and striatal neurons and glia.””* Until various clini-
cal subtypes had been reported in patients with pathological-
ly proven CBD and the clinical phenotypes associated with
the pathology of CBD had been established,””” the terminol-
ogy of CBD was used interchangeably when referring to both
the clinical syndrome and the pathology. The typical clinical
manifestations of CBD, which are now referred to as CBS, are
characterized by asymmetric ideomotor or limb kinetic aprax-
ia, dystonia and myoclonus, and “the useless arm” with marked
asymmetric rigidity and bradykinesia. Postmortem patho-
logical studies of CBD studies have confirmed that a wide
spectrum of clinical symptoms and signs other than CBS can
be present in patients with pathologically confirmed CBD,”>”®
including progressive supranuclear palsy syndrome (PSPS),
frontal behavioral-spatial syndrome (FBS), and nonfluent/
agrammatic variants of primary progressive aphasia.”” Con-
versely, CBS is a clinical subtype with various pathological dis-
ease entities in addition to CBD, including PSP, FTD, and Al-
zheimer’s disease,” which makes antemortem clinical diagnoses
of CBD difficult. CBD-CBS is the classic presentation of CBD,
and parkinsonism is included in the CBS phenotype of CBD.
Rigidity and bradykinesia appear asymmetrically as in PD,
and more-severe limb rigidity and dystonia with dystonic pos-
turing can be used to differentiate between CBD and PD.

Levodopa responsiveness has been reported in 25% of pa-
tients with CBD, but parkinsonism in patients with CBD usu-
ally shows poor and transient levodopa responsiveness or
levodopa unresponsiveness.””* Myoclonus is frequently stim-
ulus-sensitive. Dystonia and myoclonus are less frequent in
patients with PD than in those with CBD-CBS. Some patients
present with alien-hand phenomena characterized by invol-
untary grasping and purposeless movements. CBS can mani-
fest as oculomotor apraxia (saccadic movement dysfunction
but normal optokinetic nystagmus) and subsequently develop
into vertical supranuclear palsy. Brain MRI typically demon-
strates asymmetric cortical atrophy in the posterior frontal
and the parietal cortices (Fig. 2E).*' CBD-PSP can present with
PSP symptoms, symmetric parkinsonism, postural instabil-
ity, and oculomotor disturbances, which are difficult to dif-
ferentiate from PSP-RS. However, frontal executive dysfunc-
tion is usually more severe in CBD-PSP than in pathologically
proven PSP.

The symptoms of CBD may shift from one phenotype to
another as the disease progresses, such as starting with CBS
and progressing to PSPS and FBS. The survival time is usu-
ally 7-8 years from symptom onset.*> As described in PSP,
CBD is one of the tauopathies and has many clinical variants.
The CBD-CBS clinical variant presenting as an asymmetric
akinetic-rigid syndrome may impede the early differential di-
agnosis of PD. A careful neurological examination for detect-
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ing cortical sensory impairment, arm posture (mainly observed
during walking), and ideomotor or limb-kinetic apraxia may
be important for the early differential diagnosis.

DRUG-INDUCED PARKINSONISM

DIP is the second most common cause of parkinsonism after
PD.” Typical and atypical antipsychotics, gastrointestinal mo-
tility drugs, calcium-channel blockers, and antiepileptic drugs
are known to be offending drugs that cause parkinsonism.**
DIP is difficult to distinguish clinically from idiopathic PD.
DIP typically has a symmetric presentation, but clinical ob-
servational studies have found that more than 30% of patients
have asymmetric tremor at rest, similar to the prevalence in
PD. Parkinsonism in DIP is difficult to distinguish from PD
based on clinical characteristics alone. A report of 7% of pa-
tients diagnosed with PD and who were taking medication
being subsequently diagnosed with DIP reflects the difficulty
in diagnosing DIP* It is expected that parkinsonism devel-
ops after administering dopamine antagonists due to their
antipsychotic effects.*® Being older and female are known to
be risk factors for DIP, and several genetic risk factors have
recently been reported.* The therapeutic effect of antipsy-
chotics involves blocking dopamine D3 and D4 receptors in
the limbic system, with parkinsonism resulting from the do-
pamine D2 receptors in the striatum also being blocked. The
onset of parkinsonism occurs from several days to years after
taking offending drugs. DIP usually improves within weeks to
months after discontinuing the causative agent, but the symp-
toms persist or temporarily improve before subsequently pro-
gressing again in 10%-50% of patients. In these patients it is
thought that dopamine receptor blockers taken during the
preclinical stage of PD trigger parkinsonian symptoms. The
introduction of DAT imaging improved the accuracy of DIP
diagnoses.'*** Because dopamine receptor antagonists do not
affect the presynaptic dopamine receptor or DAT in DIP, the
uptake of DAT appears normal in single-photon-emission
computed tomography and PET, whereas it is decreased in
PD or other conditions related to presynaptic dopaminergic
neuronal degeneration. In addition, DAT imaging has provid-
ed insight into the pathophysiological mechanisms of DIP.
The patterns of PET scans in approximately 20% of patients
diagnosed with DIP are the same as those in typical PD.*” These
patients may have actually had PD rather than DIP, but the
effect of the dopamine-receptor-blocking agent was not com-
pletely excluded. Discontinuing the offending drugs was found
to improve parkinsonism in most patients.*
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VASCULAR PARKINSONISM

VaP is defined as parkinsonism associated with ischemic (rarely
hemorrhagic) cerebrovascular disease.*” Since patients with
VaP present with marked gait difficulty combined with mini-
mal or no deficit in the upper limbs, “lower body parkinson-
ism” has been used as a typical designating clinical feature of
VaP? Brain MRI of patients typically shows extensive subcor-
tical white-matter lesions (Fig. 3A). Gait impairment in pa-
tients with VaP sometimes presents as narrow-base gait simi-
lar to that in patients with PD, but patients with VaP show a
wide range of gait patterns including wide-base gait with atax-
ia, spastic gait, FOG, and gait initiation failure.” These vari-
ous patterns of gait disorders in patients with VaP have led to
proposals to reconsider the “lower body parkinsonism” term.”>**
Gait disorders and neurological deficits that do not conform
to the definition of parkinsonism could be referred to as “vas-
cular pseudoparkinsonism” or “cerebrovascular gait disor-

der”*>” A recent expert working group proposed the follow-
ing three subtype definitions of VaP according to the clinical,
anatomical, and imaging findings of cerebrovascular disease:**
1) acute/subacute poststroke VaP, which is defined as clini-
cally identical to PD due to stroke in the unilateral substantia
nigra or nigrostriatal pathway region; 2) insidious VaP, which
is a common form of VaP presenting as symmetric neurologi-
cal involvement with predominant lower body parkinsonism,
and cognitive or urinary symptoms due to ischemic white-
matter ischemic lesions; and 3) mixed neurodegenerative
parkinsonism and cerebrovascular disease, which can be de-
fined as syndromes of VaP overlapping with PD or other types
of neurodegenerative parkinsonism confirmed by molecular
imaging biomarkers in DAT imaging. The appropriateness of
classifying subtypes of VaP might be controversial, but the
attempts to classify heterogeneous clinical and imaging phe-
notypes in the VaP syndrome have been valuable.”

Fig. 3. Brain MRI in vascular parkinsonism and idiopathic normal pressure hydrocephalus. A: Brain MRI showing multiple ischemic lesions in the
bilateral periventricular white matter and basal ganglia in a patient with lower body parkinsonism. B: Brain MRI showing ventriculomegaly with
disproportionately enlarged subarachnoid space in coronal views suggesting idiopathic normal hydrocephalus.
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NPH is characterized by gait disturbance, cognitive impair-
ment, and urinary dysfunction as a clinical triad and ven-
triculomegaly disproportionate to cortical atrophy in brain
imaging.”® iNPH is the most common form of NPH and is
distinguished from secondary NPH that occurs after menin-
gitis, subarachnoid hemorrhage, or head trauma.” iNPH is
an important disorder in the differential diagnosis of various
diseases that cause parkinsonism. The clinical manifestations
of iNPH are attributed to dysfunction of the basal ganglia-
thalamo-cortical pathway due to ventriculomegaly second-
ary to increased cerebrospinal fluid (CSF) volume.” Brady-
kinesia, rigidity, and postural instability, which are cardinal
motor symptoms in patients with PD, are also common in
patients with iNPH and are correlated with the severity of ven-
triculomegaly.” Whereas patients with PD show short steps
with decreased and asymmetric arm swing, iNPH is charac-
terized by a wide-base, small-steps gait with initiation diffi-
culty, which is known as a higher level frontal lobe gait dis-
order.'” Gait difficulty and mostly preserved upper limb
movements (i.e., lower body parkinsonism) are typical motor
symptoms and signs in patients with iNPH.!" Despite these
differences in patterns of gait dysfunction, the similarity of
clinical symptoms, the presence of asymptomatic hydroceph-
alus in old age, and the overlap with iNPH and neurodegen-
erative diseases related to parkinsonism make diagnosing
iNPH difficult.'”” Unfortunately there is no specific pathologi-
cal marker or biomarker for diagnosing iNPH. iNPH can be
suspected in patients with cardinal symptoms and confirmed
by enlarged ventricles disproportionate to the cortical atro-
phy in brain MRI or computed tomography (Fig. 3B). It is
also helpful to check whether clinical symptoms are improved
by removing the CSF through lumbar puncture.'® The dif-
ferential diagnosis of iNPH is particularly important because
this disorder has been considered treatable. Since the ulti-
mate treatment for INPH is a ventriculoperitoneal or ventric-
ulolumbar shunt operation, it is important to accurately diag-
nose iNPH for selecting good surgical candidates.'™ A recent
review suggested that clinical improvement after CSF removal,
—which has been regarded as a factor predicting the prog-
nosis of surgery—is not related with the long-term outcome
of a shunt operation in patients with iNPH.'” In addition,
there is increasing evidence for the importance of comorbid-
ities in patients with iNPH such as Alzheimer’s disease and
Parkinson-plus syndrome.'®"'" It is therefore important to
find biomarkers for diagnosing iNPH as well as for selecting
good candidates for surgery.

—l)

CONCLUSION

Many diseases are considered etiologies of parkinsonism. PD
is the most common disease causing parkinsonism, and its
differential diagnosis from other neurodegenerative diseases
referred to as Parkinson-plus syndrome is challenging. Since
a definite diagnosis is not possible in an alive subject, the di-
agnostic accuracy must be improved through clinical diag-
nostic criteria. It is necessary to be familiar with the clinical
diagnostic criteria of each disease, particularly the red flags
that distinguish PD from other diseases. DIP is the second
most common cause of parkinsonism after PD, and its diag-
nosis is particularly important because symptoms can be im-
proved by discontinuing the offending drugs in many pa-
tients. VaP and iNPH are generally diagnosed based on brain
imaging findings along with those related to parkinsonism
(mainly gait disorder). However, there are controversies re-
garding the pathophysiology of the two diseases, the possibil-
ity of concomitant neurodegenerative disease, and the causal
relationship between the abnormal findings in brain imag-
ing and parkinsonism or other gait disorders. Molecular brain
imaging (especially DAT imaging) plays a role in the differ-
ential diagnosis of parkinsonism by reflecting the degenera-
tion of presynaptic dopaminergic neurons. The value of DAT
imaging in the differential diagnosis of PD and Parkinson-
plus syndrome remains to be established, and we expect this
to become possible based on the results of current research.
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