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Summary

Parkinsonism refers to a neurological syndrome embracing
bradykinesia, muscle rigidity, tremor at rest and impaired
postural reflexes, and involving a broad differential dia-
gnosis. Having ruled out secondary causes (most import-
antly drugs), distinguishing levodopa-responsive idiopathic
parkinson’s disease (PD) from chiefly treatment-resistant
and hence atypical parkinsonism is essential. Recent
clinico-pathological studies using data-driven approaches
have refined the traditional classifications of parkinsonism
by identifying a spectrum of subtypes with different pro-
gnoses. For example, progressive supranuclear palsy
(PSP), characterised by early vertical gaze limitation and
falls, probably has a milder variant with predominant par-
kinsonism (PSP-P) which may respond quite well to le-
vodopa before converting to the classical disease, rela-
belled Richardson syndrome (PSP-RS). Analysis of PD
subcategories has shown that tremor-dominant forms are
probably less benign than was hitherto thought and that in
mild cases dystonia should rather be considered. In addi-
tion, life expectancy in early onset PD may be shortened.
Despite the clinical and pathological overlap of the various
subtypes, appreciating the heterogeneity of parkinsonism
also includes identifying non-motor features such as early
autonomous or cognitive problems which are potentially
amenable to pharmacological treatment. Not least, non-mo-
tor symptoms, along with postural instability, render the
patient particularly vulnerable to side effects, and hence
avoiding unnecessary treatment is equally important in the
management of parkinsonian disorders.
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Parkinsonism: cardinal features of a
neurological syndrome

Parkinsonism is a neurological syndrome with four cardin-
al signs: bradykinesia, muscle rigidity, tremor at rest and
impairment of postural reflexes. The diagnosis depends on
the presence of bradykinesia, which denotes slowness of
movements with a characteristic decrement on repetition
(e.g. fatigue on finger tapping). Related symptoms are de-

terioration of handwriting (micrographia), slowing of
walking (including, for instance, difficulty exiting a car),
loss of facial expression (hypomimia) and speech volume
(hypophonia). A key feature of bradykinesia is the diffi-
culty of performing automatic sequential and simultaneous
movements, which is essential for habitual motor control
in activities of daily living (e.g. to get up and start walk-
ing, or walking while talking). Dopamine depletion of nig-
rostriatal pathways, ultimately leading to underactivation
of basal ganglia thalamo-cortical loops, reflects the patho-
physiological basis [1]. Recently, the motor impairment of
bradykinesia has been conceptualised within the frame of
a dual behavioural control system: a habitual (automatic)
and a goal-directed system [2]. The former is characterised
by rapid and parallel processing and the latter by slow and
serial processing. Accordingly, in the parkinsonian state
patients, due to the disrupted habitual loop, depend signi-
ficantly more on activation of the relatively intact goal-dir-
ected system. Thus, usually highly automated movements
such as walking lose their implicitness and become goal-
directed, thereby requiring substantial attention resources.
As a consequence, parkinsonian patients are “trapped” in
an arduous goal-directed motor control [2].
Another cardinal motor manifestation of parkinsonism is
the muscle stiffness called rigidity. It denotes the feeling of
resistance when passively moving the patient’s limb, which
is present throughout the range of motion. In milder cases
it can be brought out by co-activation of the contralater-
al limb. Rigidity is less disabling than bradykinesia, but
may enhance musculoskeletal pain associated with abnor-
mal postures. A more socially than physically disabling
feature of parkinsonism is the tremor at rest with its typical
frequency of 5–6 Hz. It often involves the thumb and index
finger, producing the stereotypic “pill-rolling” appearance.
Resting tremor stops with action, but typically re-emerges
within a few seconds when keeping the arms outstretched.
When combined with rigidity it gives rise to the so-called
“cogwheel” rigidity, the feeling of giving away in little
jumps on examination. In contrast to bradykinesia, the
pathophysiology of both rigidity and tremor is not well un-
derstood [3]. For resting tremor it has recently been sugges-
ted that the cerebello-thalamo-cortical loops are implicated
rather than those involving the basal ganglia [4].
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Finally, an important feature of parkinsonism is postural
instability, often associated with gait disturbance. The main
risk is falling. Hence the patient with parkinsonism should
always be tested for postural instability, commonly per-
formed by the “pull test”. In this test the patients are asked
to maintain their balance while the examiner, standing be-
hind, pulls forcefully backwards on their shoulders. The
test is abnormal when the patient needs more than 2 steps to
recover unaided (called retropulsion) or needs the examin-
er’s aid to prevent falling. Another risk of falling frequently
encountered in parkinsonism is freezing of gait (FOG), de-
noting sudden motor blocks during walking, experienced
by the patient as if glued to the floor. Narrow spaces (doors,
bathrooms), but also set-shifting (start walking after stand-
ing up) or simultaneous movements (turning while walk-
ing) typically provoke FOG. The pathophysiology is prob-
ably linked to the mechanism underlying bradykinesia as
discussed above with impaired automaticity (habitual con-
trol) representing the core deficit [5].

Classification of parkinsonism

Parkinsonism can be classified into a broad spectrum of
primary and secondary causes (table 1). Primary parkin-
sonism embraces neurodegenerative disorders of unknown
or genetic origin. The most common type of primary par-
kinsonism is Parkinson’s disease (PD), an idiopathic disor-
der which is apparently sporadic in the majority of cases.
It is estimated that about 10% of PD is familial, based on
single gene mutations [6]. However, recent progress in ge-
netic analysis, notably the genome-wide association studies
(GWAS) [7], has made it possible to identify an increasing
number of genetic susceptibility factors that may currently
account for up to half of the risk of developing Parkinson’s
disease [8]. For reasons that are outlined in the next sec-
tion, it is clinically important and challenging to distinguish
PD from the group of degenerative disorders commonly la-
belled as atypical parkinsonism. The designation “atypic-
al” refers to the poor levodopa response of parkinsonism
and the early manifestation of additional clinical features
(Parkinson plus) such as ophthalmoparesis, dysautonomia,
apraxia or dementia. The differential diagnosis of parkin-
sonism also encompasses a wide range of rare heredode-
generative disorders that are important to take into account
if the clinical presentation is not typical, but this category is
not further discussed here. Finally, secondary causes must
always be ruled out as they are potentially treatable and

common. In particular, drug-induced parkinsonism is pre-
valent and may be under-recognised in elderly patients [9].

Differentiation of Parkinson’s disease
and atypical parkinsonism

A major confounder in the early clinical diagnosis of PD
is atypical parkinsonism. A clinico-pathological study has
shown that a diagnostic accuracy of over 90% can be
achieved by strict application of clinical criteria, but only
at the cost of missing 32% of true PD cases [10]. Differen-
tiation of PD and atypical parkinsonism is important, as the
response to dopaminergic treatment is excellent in PD, but
only poor or rapidly weaning in atypical parkinsonism [11].
Dopaminergic drugs may even be harmful by potentially
worsening atypical features such orthostatic hypotension or
confusion in cognitively impaired patients [12]. Also, pa-
tients with atypical parkinsonism should not be treated by
deep brain stimulation (DBS), which is an effective treat-
ment for PD only [13]. Finally, prognosis is better in PD,
whereas atypical parkinsonism is generally associated with
more rapid progression [14–17].
The most frequent atypical parkinsonian disorders are pro-
gressive supranuclear palsy (PSP), corticobasal degenera-
tion (CBD), multiple system atrophy (MSA) and dementia
with Lewy bodies (LBD). PSP is characterised by symmet-
rical parkinsonism with supranuclear vertical gaze palsy,
early falls (within the first year) and pseudobulbar palsy
(dysarthria and dysphagia) as major parkinson-plus fea-
tures [18]. Vertical gaze palsy affects predominantly
downgaze, which can be easily overcome by vestibulo-ocu-
lar reflex (Doll’s manoeuvre), indicating that brainstem re-
flexes are relatively preserved until the later stages of the
disease. Cognitive dysfunction is characterised by marked
dysexecutive deficits while visuospatial abilities are relat-
ively spared. Patients often appear disinhibited and uncon-
cerned despite the severe physical disability. For instance,
they jump up from the sitting position (“rocket sign”) or
turn en bloc without considering the risk of falling as-
sociated with the postural instability. Recently, based on
clinico-pathological findings, it has been suggested that a
second form of PSP be distinguished, so-called PSP-Par-
kinsonism (PSP-P), and that the term Richardson syndrome
(RS) be used for the typical disorder [19]. At least in the
early stages PSP-P more closely resembles PD, with asym-
metric onset and moderate response to dopaminergic treat-
ment.

Table 1: Classification of parkinsonism.

Primary (degenerative) parkinsonism
– Parkinson’s disease (sporadic and genetic)

– Atypical parkinsonism (progressive supranuclear palsy, multisystem atrophy, corticobasal degeneration, Lewy body disease)

– Heredo-degenerative parkinsonisms (Wilson’s disease, GM1 Gangliosidosis etc.)

Secondary (acquired, symptomatic) parkinsonism
– Drugs (neuroleptics, antiemetics, antivertigo drugs)

– Vascular multiinfarct syndrome

– Toxins (manganese, CO, pesticides)

– Infectious (postencephalitic, neurosyphilis, HIV)

– Trauma (e.g., pugilistic encephalopathy)
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The classical description of CBD refers to an asymmetric
form of parkinsonism combined with apraxia [20], which
variably includes other basal ganglionic (e.g., dystonia)
or cortical signs (alien limb phenomenon, tactile agnosia,
myoclonus). Apraxia in CBD is typified by gestural deficits
traditionally labelled as ideomotor apraxia, as well as im-
paired control of precise and individual finger movements,
a hallmark of limb kinetic apraxia [21, 22]. Apraxia may
be difficult to separate from dystonia or bradykinesia, and
therefore distinguishable only on the less affected side.
Apraxic deficits may be also present in PD, particularly of
the limb kinetic type, but rather in the later stages of the
disease and usually to a milder degree [23]. There is con-
siderable overlap between PSP and CBD, with respect to
both clinical and pathological features, giving rise to a re-
vised nomenclature as discussed below in more detail.
In MSA the parkinsonism is combined with early autonom-
ic failure and cerebellar deficits. Depending on the predom-
inant symptom, a parkinsonian (MSA-P) and a cerebellar
variant (MSA-C) are differentiated [24]. Autonomic defi-
cits include orthostatic hypotension, bladder and erectile
dysfunction. The latter may precede the onset of parkinson-
ism for years. Also, abnormal postures (PISA syndrome,
anterocollis) or respiratory dysfunction, such as inspiratory
stridor and/or sighs, are considered red flags that help to
differentiate MSA from other atypical parkinsonian disor-
ders [25]. Finally, in MSA the patient’s cognition is typic-
ally intact, often appearing in striking contrast to the extent
of their physical disability.
Parkinsonism arising with early dementia is a core feature
of DLB, which is likely in the spectrum of PD dementia
(PDD). To delineate DLB from PDD, the somewhat arbit-
rary 1-year rule has been advocated, i.e. the emergence of
a prominent cognitive decline within 12 months of disease
onset [26]. Essential for the diagnosis of DLB is the presen-
ce of additional neuropsychiatric features such marked di-
urnal fluctuations in cognition and unprovoked visual hal-
lucinations (often with children or hunting scenes). DLB
should not be confused with diffuse Lewy body disease,
which is a rapidly progressive dementia leading to death
within 18 months, and considered rather in the differential
diagnosis of Creutzfeld Jakob Disease [27].
Early postural instability, although most prominent in PSP,
is common to all subtypes of atypical parkinsonism and
therefore reflects an important red flag in the differential
diagnosis of PD. Beyond the pull test, 10 steps of tandem
gait may be a sensitive parameter in assessing postural in-
stability and reliably differentiating PD from atypical par-
kinsonism within the first three years of disease onset [28].
In this study 92% of the PD patients showed intact per-
formance (without side steps), which was possible only in
18% of the atypical cases. In contrast to what might have
been expected, the discriminative value is even stronger
with advancing age. Furthermore, a simple question on
cycling ability may be a distinguishing factor, as more than
half of atypical patients had stopped cycling 2½ years after
disease onset, while few did in the PD group (“bicycle
sign”) [29].
Oculomotor signs significantly contribute to discriminating
between the various phenotypes of parkinsonism. Some
features that may be differentiated at the bedside are sum-

marised in table 2. As pointed out above, supranuclear gaze
palsy, serving as its eponym, is the main characteristic of
PSP, particularly RS. It is generally not a feature of PD and
MSA, but may develop in late CBD [30] and in DLB [31].
Supranuclear gaze palsy in PSP initially affects downgaze
and later involves upward gaze and horizontal planes as
well. Slowing of vertical saccades may be an early sign of
the disorder, which can be clinically appreciated by the loss
of quick phases when testing vertical optokinetic nystag-
mus. In some patients in whom the range of ocular move-
ments are still preserved, the so-called “round the houses”
sign can be observed early [32], denoting a laterally curved
trajectory of vertical saccades. Saccadic velocity may be
slowed in CBD, however, usually in the later stages of the
disease [33]. Saccadic velocity is not always easy to detect
at the bedside, and therefore oculography (main sequence
analysis) using infrared video recording may be a sensitive
measure to reliably assess the speed of saccades [34]. In-
terestingly, it has recently been demonstrated that infrared
video oculography could be useful in distinguishing PSP-P
from PD [35], which is difficult on clinical grounds only.
To interpret saccadic velocity in bedside testing the follow-
ing rule can be helpful: “if you see the eyes move during a
saccade, the saccades are too slow”. Saccadic latency in the
horizontal plane is the most appropriate oculomotor fea-
ture to distinguish CBD early from other parkinsonian dis-
orders. This delay in saccadic initiation may be referred to
as “oculomotor apraxia”, which is prominent ipsilaterally
to the more affected limb and has actually been shown to
correlate with limb apraxia [30]. It is probably explained by
the parietal atrophy of CBD. Impaired saccade triggering
has also been found in LBD [36]. Square wave jerks (SWJ)
are saccadic intrusions on steady gaze fixation, which are
typically prominent early in PSP-RS and are thought to
result from disinhibition of saccadic generators in brain-
stem [34]. To quantify an abnormal increase is difficult;
however, more than 20 SWJs per minute are probably ab-
normal [37]. Increased SWJ’s may occur in the later stages
of PD or CBD, and may be moderately present in MSA [38,
39]. There is no literature on LBD and SWJs; however, the
prevalence is probably similar to that observed in late PD.
Finally, impaired suppression of vestibulo-ocular reflex is
frequent in MSA and may also be seen in PSP, thereby
helping to differentiate other parkinsonian syndromes [38].
In addition to the oculomotor abnormalities, in PSP con-
tracture of frontalis muscles with upraised eyebrows, con-
veying the characteristic stare, as well as eyelid disorders
such as blepharospasms and eyelid apraxia, are fairly com-
mon. Furthermore, while glabellar sign (inability to sup-
press the blink on frontal finger tap) is generally seen in
parkinsonism, its visual variant (elicited by bright light),
along with photophobia, is more common in PSP [40].
Careful searching for atypical features in history and clin-
ical examination is essential, as the frequently quoted le-
vodopa challenge to a single dose is unreliable in early
Parkinson’s disease. Furthermore, patients with atypical
parkinsonism may also temporarily respond quite well to
levodopa, particularly MSA-P and PSP-P. It is important
to emphasise that autonomic dysfunction, postural instabil-
ity, freezing or cognitive deficits are only atypical features
if emerging early in the course of the disease. In the later
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stages these difficulties are also prevalent in PD. They
represent a major source of disability frequently requiring
nursing home placement [41]. Similarly, their diagnostic
value for the subclassification of atypical parkinsonian dis-
orders is restricted to earlier and middle stages. In ad-
vanced disease, when multiple systems become affected,
differentiation is usually less consistent. For instance, ocu-
lomotor disturbances, emerging early in PSP, can be ob-
served in late CBD as pointed out above, and conversely,
apraxia defining CBD is common in advanced PSP [42].

Differentiation of Parkinson’s disease
and secondary parkinsonism

Differentiating primary from secondary causes of parkin-
sonism relies chiefly on taking of a detailed medical history
and careful clinical examination. The most common sec-
ondary causes are vascular white matter disease (pseudo-
parkinsonism or lower body parkinsonism), which usually
manifests with gait problems including freezing of gait
with absent or only mild parkinsonian signs of the upper
extremities and drug-induced parkinsonism, which should
be suspected in patients treated with dopamine antagonists.
Other toxic causes (e.g. manganese) as well as Wilson’s
disease are uncommon but also important to recognise be-
cause they can be reversible or treatable. Since secondary
parkinsonism is not the focus of this review, we will not
further elaborate on it. In the vast majority of cases sec-
ondary causes can be ruled out clinically and with know-
ledge of the natural history of PD. Whenever doubts on the
primary cause arise, either from the history, the clinical ex-
am or the documented lack of levodopa response, further
tests are indicated.

Parkinson-mimics or SWEDDs

A new diagnostic challenge has recently emerged. Large
drug trials in Parkinson’s disease and functional dopamin-
ergic imaging ([18F]dopa PET, DaT SPECT) as surrogate
markers of disease progression revealed that some 10% of
the patients enrolled had normal dopaminergic functional
imaging (scans without evidence of dopaminergic deficit or
SWEDDs) [43–45]. The lack of dopaminergic deficit has
been explained either by the low sensitivity of dopaminer-
gic imaging techniques or by the absence of true parkin-
sonism. The former argument is highly unlikely, bearing
in mind that reduced DaT density (reflecting the decline
of striatal dopamine level) can already be observed in the
preclinical stages. Furthermore, the first motor symptoms
of Parkinson’s disease occur only after 80% of striatal and
50% of nigral dopamine cells are lost [46]. In addition, a
clinical and electrophysiological study revealed that a sig-
nificant proportion of the patients with “SWEDDs” had

asymmetric rest tremor, but did not show the re-emergent
type tremor typically seen in tremor-dominant PD [47].
Finally, true bradykinesia (with fatiguing) and hence par-
kinsonism was lacking. Instead, in SWEDDs subtle signs
of limb dystonia, including head tremor, were present. Ac-
cordingly, increased cortical plasticity could be detected,
a characteristic electrophysiological feature of dystonia
which is reduced in PD. SWEDDs also had significantly
fewer non-motor symptoms than PD patients, in particular
normal smell identification tests [48]. These findings sug-
gest that a large proportion of patients with SWEDDs have
dystonic tremor, which can be difficult to distinguish from
tremulous PD.

Clinico-pathological heterogeneity of
parkinsonism

In recent years a number of clinico-pathological studies
have been performed combining data-driven analysis of
various clinical features with postmortem diagnosis using
strict neuropathological criteria. These studies challenged
the classification as outlined above by broadening the
range of phenotypic variants within the traditional disease
categories including PD. We are convinced that sorting
out the subtypes of parkinsonian disorders, which increases
the demand for expert counselling and management of pa-
tients, should have a place in clinical practice.

Subtypes of Parkinson’s disease
Traditionally, PD is subdivided in tremor-dominant and ak-
inetic rigid subtypes, the former being considered more be-
nign. In addition, a variant with rapid progression of pos-
tural instability and gait disturbance (PIGD), frequently
seen in elderly patients, is commonly differentiated [49].
More recently, clinico-pathological studies using data-driv-
en approaches, which are less biased by anecdotal views,
extended the spectrum to 4 subtypes [50, 51]: earlier dis-
ease onset (EDO), tremor dominant (TD), non-tremor dom-
inant (NTD) and rapid disease (RDP), [51] used motor
symptoms in the first 5 years from disease onset for as-
signment of the patients to one of these subgroups, which
is relevant since the motor phenotype often changes from
tremor-dominant to non-tremor-dominant with disease pro-
gression [49]. It is therefore surprising that the non-trem-
ulous phenotypes (69%) generally predominate. The study
confirmed that the EOD subgroup had more motor fluctu-
ations, a well-known complication of dopaminergic treat-
ment in PD. However, the significantly shorter life expect-
ancy (age of death 70.6 years) would not have been anti-
cipated. In the early stages TD patients had lower disease
severity, as expected, but the mean time to advanced dis-
ease was not different compared to NTD. In the NDT sub-
group dementia was clearly more common (61%), along

Table 2: Oculomotor signs in parkinsonism.

PD PSP CBD MSA DLB
Supranuclear gaze palsy None Prominent early (RS) Possible, late None Possible

Saccades Hypometric* Slowed, early Delayed**, early Hypometric* Triggering*, abnormal

Square wave jerks Possible, late Prominent, early Possible, late Moderate Probably, late

PD = Parkinson’s disease, PSP = progressive supranuclear palsy, CBD = corticobasal degeneration, MSA = multiple system atrophy, DLB = dementia with Lewy bodies,
RS = Richardson syndrome, MSA-C = cerebellar variant, *may be slowed late, ** may be slowed horizontally.

Review article Swiss Med Wkly. 2011;141:w13293

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 4 of 9



with more widespread cortical Lewy body pathology, than
in EOD (16%) and TD (32%). Interestingly, the majority of
the RDP subgroup (mean time to death: 7.7 years) started
with tremor-dominant disease and more midline motor de-
ficits. In conclusion, younger age of onset appears to be as-
sociated with more treatment-related motor complications,
and a later age of onset with non-motor complications and
more rapid motor progression. Furthermore, the notion of
tremor as an independent indicator for slower disease pro-
gression [52] was not supported. The findings rather sug-
gest, as pointed out above, that in cases of “benign tremu-
lous PD”, an alternative diagnosis such as dystonia should
be considered [46]. Finally, tremulous phenotypes gener-
ally appear to be less prevalent in early disease or may be
even completely absent in the later stages [53].

Progressive supranuclear palsy: clinical and
neuropathological phenotypes
The clinical syndrome of progressive supranuclear palsy
was described in 1963 by Clifford Richardson, who high-
lighted the progressive disability due to postural instability
and early falls, vertical supranuclear gaze palsy, mild cog-
nitive changes, progressive axial rigidity and bulbar palsy.
Pathologically, PSP is characterised by accumulation of tau
protein and neuropil threads mainly in the pallidum, sub-
thalamic nucleus, red nucleus, substantia nigra, oculomotor
nucleus, medulla and dentate nucleus. Although character-
istic, these pathological findings are not pathognomonic for
PSP.
On the basis of their clinical presentation and distribution
of tau pathology, several PSP phenotypes have been iden-
tified recently [54]. One clinico-pathological study of 103
pathologically proven PSP cases found two clusters of PSP
phenotypes. 52% corresponded to the phenotype of the ori-
ginal description, with early falls, early cognitive dysfunc-
tion, abnormalities of gaze and postural instability (labelled
“PSP-Richardson Syndrome” (PSP-RS)) [19]. 32% had a
distinct clinical phenotype characterised by asymmetric on-
set, tremor, early bradykinesia, non-axial dystonia and a
partial response to levodopa medications (labelled PSP-
Parkinsonism (PSP-P)), which can be hard to differentiate
from Parkinson’s disease in the early stages. PSP-RS had
a significantly shorter disease duration compared to PSP-P
(5.9 vs 9.1 years) and was pathologically characterised by a
higher four-repeat/three-repeat tau ratio (2.84 vs 1.63) and
by more severe tau pathology. 11% of these patients did
not fit into one of these two clusters, suggesting a possible
third PSP subtype not caught by this retrospective approach
in which, for example, gait ignition failure was not extrac-
ted from the clinical notes. In a second study the same
authors looked at patients from the Queen Square Brain
Bank fulfilling clinical criteria for “pure akinesia with gait
freezing” (PAGF) and found that this syndrome was in-
frequent but closely associated with PSP pathology, con-
firming PAGF as a third PSP subtype [55]. Apart from
freezing of gait, axial rigidity and moderate akinesia, this
phenotype was characterised by a longer disease duration
(11 years), and less severe tau-accumulation compared to
the classic phenotype. Furthermore, corticobasal syndrome
(see below) or progressive non-fluent aphasia can be as-
sociated with PSP pathology [56]. Overall, the differences

between these phenotypes are most prominent during the
first two years and then tend to merge to a common clinical
picture with severe postural instability, axial rigidity, bra-
dykinesia and frontotemporal dementia. Characteristic eye-
movement abnormalities usually occur later in PSP-P and
PSP-PAGF, but may occasionally remain absent.

Corticobasal syndrome: poor clinico-pathological
correlation of corticobasal degeneration
Recently the term corticobasal syndrome (CBS) has been
introduced [57] as it is increasingly recognised that the
clinical syndrome represented by CBD is frequently as-
sociated with other than CBD neuropathology [58, 59].
Conversely, in patients with histopathologically confirmed
CBD only a minority showed the typical clinical picture
with unilateral useless limb related to apraxia, dystonia and
cortical sensory signs in the lifetime [59]. In fact, almost
half of these patients presented with a PSP phenotype in-
cluding early falls and supranuclear ophthalmoparesis. The
authors therefore proposed to differentiate two major vari-
ants of CBD: CBD-CBS for the original syndrome as de-
scribed by Rebeiz et al. [20], and CBD-Richardson’s syn-
drome to denote a subtype presenting with classical PSP
features. In contradiction to these efforts at subclassific-
ation, it has been suggested that the PSP and CBD dis-
orders be grouped together within the spectrum of fron-
totemporal dementias (so-called frontotemporal dementia/
Pick complex) [60]. The rationale behind this view is that
many of the patients with the primary movement disorders,
if followed longitudinally, eventually develop frontotem-
poral behavioural and language difficulties, and vice versa.
We generally acknowledge the clinical and pathological
commonalities of many of neurodegenerative disorders and
their final convergence to single multisystem disorders.
However, we still favour a clinical approach that considers
the subtypes of syndromes as being essential for the proper
care and treatment of patients, at least in the early and
middle stages of their disease.

Role of imaging in the differential
diagnosis of parkinsonism

Metabolic (SPECT, PET) or structural (MRI) imaging may
improve the accuracy of clinical diagnosis for the various
forms of parkinsonism. In particular, several SPECT
tracers for dopamine transporter imaging (DaTSCAN)
have become widely available and allow early differenti-
ation of PD from other tremor syndromes (essential tremor,
dystonia, SWEDDS) or vascular parkinsonism as discussed
above [46]. However, DaTSCAN as a marker of presyn-
aptic dopaminergic degeneration is not suitable to differen-
tiate PD from atypical parkinsonism. Recently, FDG-PET
analysis using sophisticated statistical methods reliably dis-
criminates between PD, PSP and CBS, and may improve
the diagnostic accuracy of PD by around 20% and sever-
al years before clinical diagnosis is certain [61]. The major
disadvantage of PET is its high cost and the limited avail-
ability of the PET cyclotron.
Routine structural MRI (T1 and T2) is not necessary in
idiopathic PD responding well to levodopa, but is import-
ant in the differential diagnosis of atypical parkinsonism.
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It allows investigation of secondary causes (e.g. space-oc-
cupying lesions, normal pressure hydrocephalus etc.) as
well as detection of structural alterations that are quite spe-
cific if present. For example, in PSP the midbrain atrophy
may produce a characteristic appearance for which pic-
turesque names have been introduced (e.g., “hummingbird
sign”, fig. 1). In addition, in MSA-P a hyperintense MR
signal at the outer border of the putamen may appear as a
distinct “rim sign” [62] and the pontine atrophy in MSA-C
may give rise to the “hot cross bun sign” [63]. However,
these signs emerge rather late in the course of the disease.
Further, on visual inspection they are subject to interpret-
ation and have relatively low sensitivity. Recently, MRI
imaging parameters have been developed that may allow
differentiation of parkinsonism subtypes earlier and more
reliably. In particular, brainstem MRI measures (pons-mid-
brain ratios and volume of superior cerebellar peduncle)
may be important in discriminating PD, PSP and MSA
[64, 65] as well as PSP subtypes [66]. In addition, severe
cortical atrophy differentiates PSP-RS from PSP-P [67],
paralleled by the severity of Tau pathology in brainstem
and cortical areas. In future, automated analysis techniques
of structural and functional imaging data may play a role
in the diagnosis of neurodegenerative disorders [68], but
hardly replace radiological skills of visual inspection com-
pletely.

Pathogenesis underlying
neurodegeneration in parkinsonism

Aggregation of misfolded proteins is considered a hallmark
of the neurodegenerative process in parkinsonism. There-
fore, parkinsonian disorders are conceived as proteinopath-
ies involving two main types of protein: Tau and α-sy-
nuclein. Accordingly, proteinopathies are subdivided into
Tauopathies and α-synucleinopathies. Tau is a microtubule-
associated protein playing an important role in axonal
transport. There are several isoforms comprising two main
groups classified according to the repeat numbers in the
microtubule-binding domain: 4 repeat (4R) and 3 repeat

Figure 1

Brain MRI (T2) in sagittal plane of a patient with progressive
supranuclear palsy (PSP). Note the marked midbrain atrophy
adopting the appearance of a “hummingbird” (arrow).

(3R) Tau. The former is prevalent in PSP, CBD and FTDP
17 and the latter in Pick’s disease. The PSP and CBS phen-
otype is highly specific for tauopathies [59]. α-Synuclein is
a presynaptic protein whose function is unknown. Neuron-
al accumulation of α-synuclein defines PD and LBD while
glial deposition is characteristic of MSA [69]. Hence this
molecular pathological classification corresponds to specif-
ic phenotypic disorders and may influence clinical noso-
logy in the future. Type and distribution of neuropatho-
logy determines clinical presentation [70]. For instance, 4R
tauopathy predominant brainstem distribution is character-
istic for PSP-P whereas predominant cortical deposition of
α-synuclein containing Lewy bodies typifies LBD.

Treatment of parkinsonism

Levodopa remains the mainstay of treatment in Parkinson’s
disease, although the armamentarium considerably
widened with dopamine agonists, monoamine-oxidase
(MAO-B), catechol-O-methyl transferase (COMT)-inhibit-
ors and deep brain stimulation (DBS) introduced in recent
decades. Dopamine agonists are considered first line ther-
apy in patients aged up to 70, whereas levodopa is the first
line treatment in patients aged over 70 with Parkinson’s
disease. Levodopa also represents the treatment of choice
in atypical parkinsonism since it is the most potent and best
tolerated. In our view there is no need to use other medica-
tions that are generally less effective and have more side ef-
fects. Axial symptoms (dysphagia and postural instability),
prevalent in atypical parkinsonism and little responsive to
any dopaminergic treatment, may potentially be amenable
to neurorehabilitation. Most studies on neurorehabilitative
treatments have been done in PD, though [71]. For PSP,
CBD and MSA mainly single case studies have been repor-
ted. The findings of a small controlled study suggested that
complementation of balance rehabilitation by eye move-
ment training improved stance and gait in PSP [72]. More
research is clearly needed in the neurorehabilitative field.
In general, patients with PD are at higher risk of osteo-
porosis, which must be considered and if necessary treated
to avoid further complications [73].

Conclusion

In parkinsonism the differential diagnosis is broad. Identi-
fying potentially treatable or even iatrogenic causes asso-
ciated with secondary parkinsonism is obviously an im-
portant first step when encountering a patient. Levodopa
response is a hallmark of idiopathic Parkinson’s disease
and hence this diagnosis should not be missed either. It
may be argued that differentiating atypical parkinsonisms
has no merit, as specific treatments are not usually avail-
able. In addition, the clinico-pathological correlation is in
any case variable and with disease progression the clinical
symptoms considerably overlap, as reviewed above. Non-
etheless, we strongly advocate a clinical approach based
on a thorough history taking, neurological examination and
ancillary investigations, which attempts to narrow down
the specific syndrome associated with parkinsonism. By
identifying a subtype of parkinsonism the prognosis can
be estimated. For example, PSP-P is less disabling (e.g.,
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no early falls), may respond temporarily to levodopa and
shows a slower disease progression before eventually con-
verting to full blown RS. Further, some of the atypical fea-
tures such as autonomous or cognitive problems may be
targeted by pharmacological treatment. Finally, and per-
haps most importantly, identification of atypical parkinson-
ism may prevent unnecessary iatrogenic harm from inef-
fective drugs, to which these patients typically react very
sensitively.
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Figures (large format)

Figure 1

Brain MRI (T2) in sagittal plane of a patient with progressive supranuclear palsy (PSP). Note the marked midbrain atrophy adopting the
appearance of a “hummingbird” (arrow).
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