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of parkinsonism, genetic causes of parkinsonism, tremor disorders, and non-
neurological differentials of PD.
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m The Differential Diagnosis of Parkinson’s Disease

INTRODUCTION

Idiopathic Parkinson’s disease (PD) is a common, progressive neurodegenerative
disorder, affecting approximately 1% of people over 65 years of age (1). Patients
present to health services in a number of settings, and the key to its diagnosis is
recognition of its core features, as PD remains a clinical diagnosis with no diag-
nostic test. A definitive diagnosis of PD is only possible postmortem and relies on
the degeneration of the substantia nigra with the presence of Lewy body pathol-
ogy, the main constituent of which is alpha-synuclein (a-synuclein) (2). Both
structural and dopaminergic imaging can be helpful in specific scenarios, but only
once the clinical phenotype has been established. PD is traditionally classified as
a movement disorder, which is reflected in the diagnostic criteria (see the section
below and Table 1) (3). However, the non-motor features are now well established
and often precede the onset of the motor syndrome and thus can help in making
the true diagnosis (4), although equally the heterogeneity of its presentation and
the disease course means that PD can mimic other conditions.

THE DIAGNOSIS OF IDIOPATHIC PARKINSON'’S DISEASE

The first component to the diagnosis of PD is establishing that the patient has
“parkinsonism.” This is a clinical diagnosis and relies on three key elements: bra-
dykinesia, tremor, and rigidity. Of these, bradykinesia must be present, with at
least one of the other two. PD is an asymmetrical condition, so during the clinical
assessment, the parkinsonism should be more apparent on one side and may be
purely unilateral in early disease (3). Figure 1 is a classical illustration of parkin-
sonism, with a description by William Gowers.

Once it has been established that a patient has parkinsonism, in order to diag-
nose PD, it is vital to exclude other causes of this syndrome. This includes looking
for atypical features in the history and on examination. Furthermore, in addition
to the presence of parkinsonism, there are also additional features which contrib-
ute toward a positive clinical diagnosis of PD. The presence of nonmotor features
is important, as these may be prominent even early in the disease course. The
response to treatment is equally supportive, as is the evolution of the clinical syn-
drome over time. These features will be discussed more thoroughly in the sections
below, and they are summarized in the clinical diagnostic criteria in Table 1 as
exclusion criteria, supportive criteria, and “red flags” (3).

Bradykinesia

Bradykinesia is a slowness and lack of spontaneous movement. Patients may
report difficulty with fine motor tasks, such as doing-up buttons; a change in
speech with a quiet, monotonous voice (hypophonia); or an increase in saliva
because of an infrequent swallow. Even before examining a patient, bradykinesia
can be appreciated by noticing a lack of normal gestures and fidgeting, the loss of
facial expression (hypomimia), and a decreased blink frequency. It is helpful to
observe their gait as they walk into the clinic room; they may exhibit a reduced
arm swing as well as short, shuffling steps and a stooped posture.
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TABLE 1 The clinical diagnostic criteria for Parkinson’s
disease, based on the Movement Disorder
Society guidelines

1. Diagnosis of parkinsonism
a. Bradykinesia
Plus one of
b. Tremor
c. Rigidity
2. Exclusion criteria
a. Cerebellar abnormalities
b. Supranuclear gaze palsy
c. Diagnosis of behavioral variant of frontotemporal dementia or primary progressive aphasia
within 5 years of disease onset
d. Parkinsonian features restricted to the lower limbs for more than 3 years
e. Treatment with a dopamine receptor blocker or dopamine depleting agent consistent with drug-
induced parkinsonism
f. Absence of a response to high-dose levodopa despite at least moderate disease severity
g. Cortical sensory loss, clear limb ideomotor apraxia, or progressive aphasia
h. Normal functional imaging of the dopaminergic system (“DAT scan”)
i. Diagnosis of alternative condition causing parkinsonism which could be causing the symptoms

3. Supportive criteria
a. Clear beneficial response to dopaminergic therapy
b. Presence of levodopa-induced dyskinesia
¢. Rest tremor of a limb
d. The presence of either olfactory loss or cardiac sympathetic denervation on MIBG scintigraphy
(although the latter is rarely done in current practice)

4. Red flags

a. Rapid progression of gait impairment leading to wheelchair use within 5 years
b. Absence of progression of motor symptoms over 5 years, unless related to treatment
c. Early bulbar dysfunction
d. Inspiratory respiratory dysfunction
e. Severe autonomic failure within the first 5 years of disease
f. Recurrent falls because of impaired balance within 3 years of onset
g. Disproportionate anterocollis or contractures within 10 years of disease onset
h. Absence of any of the common non-motor features despite 5 years of disease
i. Unexplained pyramidal signs
j. Bilateral symmetrical parkinsonism
For the diagnosis of clinically established PD For the diagnosis of clinically probable PD
1. Parkinsonism 1. Parkinsonism
2. Absence of exclusion criteria 2. Absence of exclusion criteria
3. At least 2 supportive criteria 3. Balanced numbers of supportive criteria and red flags

Bradykinesia can be specifically elicited on examination using repeated hand
movements, for example, finger tapping or pronation/supination, or in the lower
limbs using repeated foot tapping. Patients with parkinsonian bradykinesia should
show not only a slowness of movement but also a decrement in the speed or
amplitude of movement (5). A change in handwriting is another manifestation of
bradykinesia which can be demonstrated during the clinical examination; patients
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Figure 1 A case of Parkinson’s disease as described and illustrated by William Gowers: ... the
aspect of the patient is very characteristic. The head is bent forward, and the expression of
the face is anxious and fixed, unchanged by any play of emotion. The arms are slightly flexed
at all joints from muscular rigidity, and (the hands especially) are in constant rhythmical
movement, which continues when the limbs are at rest so far as the will is concerned. The
tremor is usually more marked on one side than on the other. Voluntary movements are
performed slowly and with little power. The patient often walks with short quick steps,
leaning forward as if about to run (61).”

display small and cramped handwriting which becomes progressively smaller
(micrographia) with a tendency of the sentence to fall off the line.

On occasion, the true bradykinesia of PD can be mistaken because the patient
has another comorbidity leading to difficulty in repeated hand movements, for
example, psychomotor slowness in depression, the pain of arthritis, or other neu-
rological disease including cerebellar ataxia or dyspraxia. In ambiguous cases, it is
therefore important to rely on other clues in the examination and assess the
patient for global bradykinesia (6).

Tremor

A parkinsonian tremor is classically described as “pill-rolling” (pronation/supination)
and low frequency (4-6 Hz). It should start unilaterally but can progress to involve
both sides, although it should remain asymmetric. It is apparent in the most distal
part of a limb, that is, the hand if the upper limb is involved. It should typically
occur at rest and improve or disappear on action. In early stage disease, it is typi-
cally intermittent and patients often notice it while relaxing, for example, watching
television, and consequently, it is useful to watch for the tremor during the entirety
of the consultation. The tremor also becomes more prominent when the patient is



Julia C. Greenland and Roger A. Barker

engaged in another task, such as counting backwards or walking. The parkinsonian
tremor also often shows a re-emergence phenomenon whereby it disappears follow-
ing an action, but then after a few moments becomes apparent again (7). It is seen
most commonly in the upper limbs, including just a finger or thumb, but can also
involve the legs, chin, or jaw. Although tremor is often identified as a key feature of
PD, by health professionals and members of the public alike, it does not need to be
present for a diagnosis of PD, and a proportion will never have a tremor (5, 8). One
study reported that 69% had a rest tremor at disease onset, with 75% having a
tremor at some point in their disease course (9).

Rigidity

Patients will often report unilateral pain or stiffness, commonly in the shoulder.
This can represent the first presentation of PD, leading to referrals to rheumatolo-
gists or orthopedic surgeons, and initial diagnoses of frozen shoulder (10).

Rigidity needs to be appreciated on examination, with the patient in a relaxed
position. It can be felt through a range of passive movements of a joint (flexion,
extension, and rotation). It is often best felt distally at the wrist, and in early
disease may only become apparent with a reinforcement manoeuver, whereby the
patient is asked to perform an action on the contralateral side (e.g., to raise the
arm up and down), although a slight increase in tone with this manoeuver is seen
in many people without PD. The increase in tone should be independent of veloc-
ity and is described as “lead-pipe” resistance, often with the “cogwheel” phenom-
enon, where a superimposed tremor is also felt (5).

Non-motor features

The non-motor features of PD contribute toward the certainty of diagnosis. There
is established evidence of a pre-motor phase, which is thought to represent the
onset of the neurodegenerative pathology. Patients who go on to develop PD com-
monly have experienced depression, constipation, anosmia, and REM sleep
behavior disorder in the years preceding their diagnosis (11). Of course, these
symptoms are non-specific and common in the elderly population, with many
potential causes, which complicate their use in predicting those at risk of subse-
quently developing PD. However, their presence gives support to the diagnosis of
PD and should be specifically queried during the diagnostic consultation.

There are further non-motor aspects to PD which can develop at any point
through the disease course. Subtle cognitive deficits can be present even at
diagnosis and typically affects attentional, executive, visuospatial, and memory
functions (12). Neuropsychiatric symptoms are also common and cover depres-
sion, anxiety, and apathy as well as psychosis. Psychosis has a spectrum of presen-
tations from minor illusions, for example, where patients report that they glimpse
things out of the corner of their eye that turn out not to be real, through to formed
hallucinations and delusions with a lack of insight, leading in some cases to delu-
sional paranoid behavior (13). Autonomic dysfunction can manifest as urinary
frequency or urgency, constipation, orthostatic hypotension, drooling, erectile
dysfunction, or abnormal sweating (14).

These non-motor features initially present insidiously and non-specifically,
and the patient will often think they are unrelated to PD and not volunteer them
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during a consultation. Moreover, they are typically not treated by the dopaminer-
gic therapy which is prescribed primarily for the rigidity and bradykinesia (4). It
is therefore important to actively screen for them, for example, checking a lying
and standing blood pressure and asking about sleep, as they can have a substantial
impact on the patient’s quality of life (15), and similar to the motor features of PD,
there are many good treatments available.

Disease progression

Progression is an important diagnostic feature of PD. By the time the patient pres-
ents to clinic, there should be a history describing a worsening of symptoms to the
point of seeking medical attention. It is then important that at each subsequent
review, this story of disease progression is reviewed, because if lacking or abnor-
mally rapid, it may point toward an alternative diagnosis. A caveat to this is that
although all cases do worsen, there is a large range in the rates at which this
occurs. Ten years following diagnosis, about one-fifth of patients are doing very
well and have very few complications associated with the disease, while 40% will
have gone on to develop a dementia (16). Equally, patients who respond well to
medication may appear to have many years of stable disease with little worsening
of symptoms and this can sometimes be mistaken as a “cure” by the patient.

As the disease progresses, other motor features become apparent which are
characteristic of PD. As mentioned above, gait impairment is common. However,
this becomes more pronounced and patients adopt a characteristic stooped pos-
ture with reduced arm swing (see Figure 1 for a classical illustration of this
posture). The arm itself can also adopt an abnormal flexed posture on walking.
Classically, patients have a flexed neck and camptocormia, where there is truncal
flexion at the thoracolumbar spine. The shuffling steps can progress so that
patients display festination whereby successive steps are shorter. Postural instabil-
ity develops, which has been shown to have a significantly detrimental effect on
quality of life, and leads to an increased risk of falls and associated morbidity (15).
Patients may progress to develop freezing of gait, which is also very disabling with
an associated falls risk. This is where patients are unable to initiate or continue
walking and describe a sensation like their feet are stuck to the floor. It commonly
occurs on turning, walking through a narrow space (such as a doorway), or on
starting to walk (17).

A positive clinical response to levodopa is supportive of the diagnosis of PD,
and this is the case particularly for bradykinesia and stiffness. Levodopa has a more
variable effect on tremor. Equally supportive are the presence of dyskinesias or
additional choreoform involuntary movements, which can develop as the disease
progresses in response to the dose and duration of dopaminergic therapy (18).

OTHER NEURODEGENERATIVE CAUSES OF PARKINSONISM

The following conditions can mimic idiopathic PD, and on occasion, the correct
diagnosis only becomes apparent with time. However, there are key features on
history and examination to recognize in order to discriminate between these
conditions.
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Dementia with Lewy bodies

Dementia with Lewy bodies (DLB) is the second most common cause of dementia,
following Alzheimer’s disease. It is characterized by progressive cognitive impair-
ment together with fluctuating levels of attention, visual hallucinations, REM
sleep behavior disorder, and parkinsonism. The predominant pathology in both
PD and DLB is Lewy bodies, the main constituent of which is a-synuclein, and
there is undoubtedly a clinical and pathological overlap. Current diagnostic crite-
ria state that if the cognitive symptoms pre-date or develop within the first year of
the emergence of parkinsonism, then the diagnosis is DLB. Should cognitive
impairment develop in the context of established PD, then the diagnosis is
Parkinson’s disease dementia (PDD) (19).

The cognitive impairment of DLB affects attentional-executive and visuospatial
functions. Patients typically perform poorly on the Stroop and the trail-making
tasks as well as drawing tasks, classically clock-drawing or intersecting pentagons
(see Figure 2). Fluctuating attention can manifest as inconsistent behavior and
periods of “zoning-out”, and in fact, the presence of major fluctuations in a
patients cognitive state is a very helpful diagnostic feature of this condition. The
visual hallucinations that occur in approximately 80% of patients are complex
and tend to involve humans or animals. Patients have a variable amount of insight
into their presence (19).

Other supportive features include a sensitivity to neuroleptic medication, pos-
tural instability and falls, autonomic dysfunction, and other neuropsychiatric fea-
tures that include depression, apathy, anxiety, delusions, and hallucinations of
other modalities. Treatment is based on a multi-disciplinary approach (19). Of
note, the parkinsonism is less responsive to dopaminergic therapies, which can
worsen cognition and behavior. Cholinesterase inhibitors have a role in manage-
ment of the neuropsychiatric features (20), as can low-dose quetiapine. In all
cases, however, when this problem emerges, other reversible causes should be
sought, such as an underlying infection or subdural hematoma.

Multiple system atrophy

Multiple system atrophy (MSA) is another a-synucleinopathy, although much rarer
than PD (21). There are a range of associated clinical features, which include par-
kinsonism, cerebellar ataxia, autonomic failure, urogenital dysfunction, and cortico-
spinal involvement. There is a relative preservation of cognition. It is subdivided

Figure 2 An illustration of the difficulties exhibited by patients with DLB when performing
the interlocking pentagon copying task.
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into MSA with predominant parkinsonism (MSA-P) and MSA with predominant
cerebellar ataxia (MSA-C).

The parkinsonism of MSA tends to be rapidly progressive and poorly respon-
sive to levodopa. Bradykinesia and rigidity are usually predominant; a classic pill-
rolling tremor is rarely seen. In the initial stages, MSA can be difficult to distinguish
from PD, as symptoms are invariably asymmetric and up to 30% of patients do
show an initial good response to levodopa treatment. MSA patients treated with
levodopa can also exhibit dyskinesias, although these are often atypical and can
manifest as prolonged facial dystonia or torticollis (22).

Autonomic failure is virtually always a feature at presentation, which tends to
occur later in the disease course in PD. This is seen as an orthostatic drop in blood
pressure, urinary incontinence, or erectile dysfunction. Additional features which
point toward MSA and are not seen in PD are stridor, a positive Babinski sign, and
cerebellar ataxia, which can manifest as a gait or limb ataxia, dysarthria, or oculo-
motor dysfunction. Myoclonus is also seen, particularly as “poly-mini-myoclonus”:
stretch-sensitive jerks affecting the fingers. This is unusual in PD (22, 23).

Imaging can be useful in discriminating PD and MSA. Structural imaging using
MRI can reveal changes in the brainstem and basal ganglia which are supportive
of MSA, including the “hot cross bun” sign, although this feature is only normally
recognized by radiologists familiar with these types of syndrome (23).

Overall, the clue that the patient has MSA rather than PD is the poor response
to levodopa and the involvement of systems outside the striatum and thus the
prominent gait and autonomic problems early on in the disease course.

Progressive supranuclear palsy

This neurodegenerative disorder is a tauopathy which usually has a distinct
presentation from PD. Patients usually present in their 60s with walking difficul-
ties, unsteadiness, falls, and visual symptoms—often dry eyes and blurred
vision (24). The parkinsonism of PSP tends to be symmetrical, involves the axial
musculature, and is poorly responsive to levodopa therapy. This axial rigidity
means that PSP patients tend to have a very different posture to classically stooped
PD patients; they are upright, occasionally with retrocollis. Although postural
instability occurs in PD and is a key marker of disease progression, in PSP it can
be early and pronounced. Patients fall frequently, often backwards, especially
when turning. It is tested clinically by the pull test. Equally, freezing of gait can be
prominent and poorly responsive to levodopa (25).

Eye movements in PSP are abnormal. Early in the disease, this can be subtle
and manifest only as square wave jerks or slowing of vertical saccades. However,
as it progresses, patients develop a restriction of vertical eye movements, which
can be overcome with activation of the vestibulo-occular reflex. However, it
should be noted that a slight reduction in upgaze is common in the elderly with
no underlying pathology in the central nervous system (25).

PSP is associated with a behavioral and cognitive syndrome, which can be
apparent at the time of initial presentation. Apathy is characteristic, occurring in
80% of patients. Paradoxically, so is impulsivity. The most common cognitive defi-
cits are in executive function and verbal fluency (26).

Similar to MSA, neuroimaging can be helpful, with mid-brain atrophy and
the “hummingbird sign,” (where the atrophied midbrain viewed in the sagittal
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plane resembles the head and beak of a hummingbird) being supportive of the
diagnosis (27).

Overall, the clue that the patient has PSP rather than PD is a poor response to
levodopa, early falls, eye movement abnormalities, and rapid progression.

Corticobasal syndrome

Corticobasal syndrome (CBS) is another tauopathy which is both clinically and
pathologically heterogenous. As well as a classical CBS presentation, there are
three further clinical phenotypes all associated with corticobasal degeneration
pathology: a frontal behavioral-spatial syndrome, a non-fluent primary progres-
sive aphasia, and a PSP syndrome (28).

The diagnosis of CBS is clinical and based primarily on its motor features.
It causes asymmetric limb rigidity or akinesia, which may resemble the parkinsonism
of PD. However, this is frequently associated with dystonia and myoclonus, and
the parkinsonism is typically levodopa-resistant and may also involve the axial
musculature. Tremor may also be a feature, although it is not the typical rest tremor
of PD (28).

Furthermore, there are multiple higher cortical features, which are key in
distinguishing this condition from PD. These include apraxia, cortical sensory
loss, progressive non-fluent aphasia, and alien limb phenomenon, where the
patients have the feeling that the limb does not belong to them; has a will of its
own; or independently performs complex, unintentional tasks. Cognitive
impairment is heterogenous and has been shown to affect a range of modalities
including executive function, episodic memory, visuospatial function, and cog-
nitive flexibility. Behavioral changes may also be prominent and include apathy,
irritability, antisocial behavior, personality changes, and hypersexuality (28).

Imaging may be helpful, typically showing an asymmetric pattern of atrophy pri-
marily involving the frontal and parietal cortices. However, it is not diagnostic (29).

SECONDARY CAUSES OF PARKINSONISM

A number of secondary causes of parkinsonism need to be considered before
making the diagnosis of idiopathic PD.

Drug-induced parkinsonism

Drugs that can act on dopamine receptors in the central nervous system can cause
parkinsonism, as well as other movement disorders including tardive dyskinesia,
akathisia, and dystonia. Antipsychotics are the most common cause of drug-
induced parkinsonism, particularly the “typical antipsychotics” including halo-
peridol and chlorpromazine, although these drugs are now rarely used in clinical
practice. However, atypical antipsychotics such as risperidone and olanzapine can
also cause extra-pyramidal side effects, including parkinsonism.

Other causes of drug-induced parkinsonism include anti-emetics (e.g., meto-
clopramide and domperidone), calcium channel blockers (e.g., flunarizine and
cinnarizine), anti-epileptics (e.g., sodium valproate and phenytoin), dopamine
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depleting drugs (e.g., tetrabenazine), and selective serotonin reuptake inhibitor
anti-depressants (30).

Drug-induced parkinsonism is said to typically cause a symmetrical parkin-
sonism syndrome with prominent bradykinesia and rigidity; however, this is of
course not always the case, and it can closely mimic idiopathic PD. The symptoms
typically resolve within weeks to months after withdrawal of the offending drug.
However, there is also a proportion of patients in whom the drug has unmasked
early underlying PD; in these cases, the parkinsonism will progress despite cessa-
tion of the drug. In cases where there is doubt over the diagnosis, a DaTSCAN is
useful, as it is normal in drug-induced parkinsonism (30).

Toxins

A causative link between PD and exposure to toxins was first revealed in the
1980s in California when intravenous drug-users began presenting with acute
parkinsonism, after injecting what was found out to be MPTP, a contaminant of
their pethidine analog. This knowledge has since been used in research to create
animal models of PD (31).

Epidemiological studies have gone on to reveal associations between environ-
mental toxin exposure and the risk of developing PD. These include pesticides
(rotenone, paraquat, organophosphates), solvents, and a limited amount of evi-
dence for metals (lead, manganese, mercury). It seems that in these cases, envi-
ronmental exposure is one of many potential etiological factors, but only explains
the development of the disease in part (31). In these cases, MRI scans of the brain
are often abnormal with signal change in the basal ganglia (32).

Acute carbon monoxide poisoning has been shown to cause parkinsonism,
usually developing within 1 month of exposure. The clinical features can include
bradykinesia, rigidity, hypomimia, and gait disturbance, but this is in the context
of encephalopathy and frequent frontal lobe signs such as the grasp reflex.
Prognosis is good, with most patients making a spontaneous full recovery (33).

Vascular parkinsonism

Parkinsonism caused by cerebrovascular disease is an important differential to
consider in the elderly because it is common, accounting for an estimated 3—-6%
of cases of parkinsonism, and has a different prognosis and response to treatment.
It is associated with increasing age and vascular risk factors, such as hypertension,
previous TIAs, and diabetes mellitus. The syndrome is caused by a lesion affecting
either the substantia nigra or its projections, which can include subcortical white
matter disease or lacunar infarcts (34, 35).

Vascular parkinsonism has a distinct clinical phenotype. It tends to be bilateral,
symmetrical and affects the lower limbs, so causing a predominant gait disorder.
The gait is typically upright with a broad base, short steps, and normal arm-swing,
compared to the stooped posture, narrow base, and reduced arm-swing of
PD. Upper limbs are often spared, tremor is rare, and increased tone tends to be a
combination of spasticity and rigidity, with gegenhalten paratonia. The clue is that
the examination on the bed is relatively normal compared to the problems seen
while mobilizing. Progression is typically stepwise and rapid. There are also often
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supporting features, such as the presence of an extensor plantar response, brisk
reflexes, a pseudobulbar palsy, and cognitive impairment on examination (34, 35).

Both PD and cerebrovascular disease are common in the elderly, so there can
be an overlap, causing diagnostic difficulty. Vascular disease on brain imaging is
supportive, but not conclusive, as these changes can also be present in patients
with PD. DaTSCAN can be helpful, as it is usually normal in vascular parkinson-
ism. However, an abnormal scan could be caused by a focal basal ganglia infarct.
Furthermore, although patients with vascular parkinsonism are said not to
respond to levodopa therapy, there are a subset of patients who will get some
therapeutic benefit. It is therefore recommended that all patients with suspected
vascular parkinsonism receive a trial of levodopa. Otherwise, the management is
aimed at rehabilitation and controlling vascular risk factors (34).

Normal-pressure hydrocephalus

Normal-pressure hydrocephalus (NPH) is diagnosed by the presence of a triad of
clinical features (gait disorder, incontinence, and cognitive impairment or demen-
tia) together with characteristic radiological appearances of enlarged ventricles. As
well as this clinical triad, which can mimic PD, NPH is also associated with par-
kinsonism in approximately 70% of cases. Bradykinesia is the most common par-
kinsonian feature, but rigidity and postural instability are also frequently present.
Furthermore, like PD, it is a slowly progressive disorder of the elderly (36, 37).

The gait disorder can appear very parkinsonian, with small, shuffling steps,
difficulty turning, and falls. Urinary symptoms, which form part of the diagnostic
criteria for NPH, are also common in PD. Furthermore, the cognitive impairment
in NPH is similar to what is seen in PD, with associated psychomotor slowing,
daytime somnolence, and apathy (36).

Structural brain is therefore important if there is an indication that the under-
lying cause of the parkinsonism is NPH, particularly as this is a treatable condi-
tion, with approximately 80% of patients experiencing an improvement in
symptoms following surgical treatment with a CSF shunt (38). However, distin-
guishing between NPH and atrophy on a CT or MRI brain scan can be difficult,
and if in doubt advice from a neurosurgical team familiar with NPH and CSF
infusion studies should be sought.

GENETIC CAUSES OF PARKINSONISM

It is likely to be worthwhile considering genetic investigations in patients who
present at a young age, less than 40, and who have at least one affected relative.
There are also a number of atypical features that can give a clue regarding the
underlying diagnosis.

Familial PD

Mutations in a number of genes have been found to be associated with familial
PD, and although they can look phenotypically different from idiopathic PD,
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some are identical to PD in terms of their presentation, for example, LRRK2. Some
of the most well documented are outlined here.

The first gene identified was the SNCA gene, with mutations being linked to
autosomal dominant early-onset parkinsonism. The clinical spectrum is broad,
from classical PD to an aggressive syndrome with prominent cognitive impair-
ment and autonomic instability which may mimic MSA. Atypical features of
myoclonus and hypoventilation can also be present. A severe phenotype is associ-
ated with SNCA triplications, whereas duplications have a tendency to present as
typical PD and are more common (39, 40).

Mutations in the LRRK2 gene are another, more common, cause of autosomal
dominant PD. These can lead to a typical clinical picture of PD, although with a
broad range of onset age and a less severe clinical phenotype. The mutation is
frequent in people of south European, north African, or Ashkenazi Jewish descent
(39, 41).

Mutations in parkin, PINKI1, and DJ-1 are all associated with early-onset par-
kinsonism with autosomal recessive inheritance. They have a slowly progressive
course, with a clinical picture which is typical of PD, and usually respond well to
levodopa. Of these, mutations in parkin are most common and the clue to patients
having this is their early onset, leg-dominant features, and a slow progression over
decades (39, 40).

Wilson’s disease

Wilson’s disease is a rare autosomal recessive disease caused by a mutation in the
ATPB7 gene causing a toxic accumulation of copper. It typically presents in early
adulthood, although can manifest up to the fifth or sixth decade of life. It has
hepatic, psychiatric, and neurological manifestations. A primary neurological pre-
sentation has been reported to occur in up to 68% of patients and can involve a
combination of dysarthria, tremor, dystonia, and parkinsonism. As the disease
progresses, patients can subsequently develop choreoathetosis, ataxia, myoclo-
nus, seizures, and eye movement abnormalities.

The parkinsonism of Wilson'’s disease has been shown to closely mimic idio-
pathic PD, with a typically asymmetric syndrome consisting of bradykinesia and
rigidity. Rest tremor is less common, but can occur. However, the parkinsonian
features rarely occur in isolation, without other neurological signs. Furthermore,
patients may also have hepatic and psychiatric involvement, with subclinical liver
disease being common in a primary neurological presentation. Diagnostic tests
include initial copper studies; slit lamp examination for Kayser—Fleischer rings,
which are invariably present in patients presenting with a neurological syndrome;
and consideration of genetic testing. This is an important differential to consider,
because there are effective treatments available (42).

Huntington’s disease

Huntington’s disease is a trinucelotide repeat disorder with autosomal dominant
inheritance. Typically, the disease presents in middle age as a movement disorder,
classically chorea, together with cognitive and behavioral features. However, par-
kinsonism is also a recognized feature, which can be present when the disease
clinically manifests. Also, a longer triplet repeat is associated with a younger and



Julia C. Greenland and Roger A. Barker

distinct phenotype, which is more akin to PD. This juvenile form of the disease,
the Westphal variant, presents with a parkinsonian hypokinetic rigid syndrome
usually before the age of 20, but unlike PD the patients typically also have a num-
ber of cognitive and behavioral problems (43, 44).

Spinocerebellar ataxia

Spinocerebellar ataxia (SCA) is a progressive disorder causing degeneration pri-
marily in the cerebellum, leading to a predominantly ataxic syndrome. It has a
large range of subtypes, with heterogenous clinical syndromes. Parkinsonism has
been particularly reported in three of these: SCA2, SCA3, and SCA17, which can
also appear to mimic MSA. These are all trinucleotide repeat disorders, inherited
in an autosomal dominant fashion. Of these, SCA2 is the most common disorder
associated with parkinsonism, which can be the presenting feature and mimic
idiopathic PD, including responsiveness to levodopa. However, classical SCA2
manifests as cerebellar ataxia and peripheral neuropathy, and even in a parkinso-
nian presentation, ataxia tends to develop within a couple of years (45).

SCA3 is divided into a number of subtypes, of which type IV causes predomi-
nant parkinsonism, which is levodopa responsive. The other types are character-
ized by a combination of cerebellar ataxia and pyramidal signs with extrapyramidal
rigidity and dystonia or a peripheral neuropathy. However, patients with type IV
have also been shown to commonly have additional clinical features as well as
parkinsonism, which would be atypical for idiopathic PD. These include eye
movement abnormalities and peripheral neuropathy (45, 46).

As with SCA2 and SCA3, only a subgroup of patients with SCA17 present with
predominant parkinsonism. But in those cases, it can be clinically typical, levodopa
responsive PD. Other features of SCA17, which are more classical, include cerebel-
lar ataxia, epilepsy, dementia, psychosis, chorea, and dystonia (45).

Fragile X-associated tremor/ataxia syndrome

Fragile X-associated tremor/ataxia syndrome (FXTAS) is a neurodegenerative dis-
order characterized by cerebellar ataxia and intention tremor. It is caused by a
premutation CGG trinucleotide repeat expansion of the fragile-X mental retarda-
tion 1 (FMR1) gene. The full mutation with >200 repeats is associated with intel-
lectual disability with social and behavioral difficulties, usually from adolescence.
The premutation, causing FXTAS, is 55-200 repeats, usually presents in middle
age in people with normal intelligence, and demonstrates typical imaging find-
ings, which include increased T2 signal in the middle cerebellar peduncle. As well
as the cerebellar ataxia, it can also present with parkinsonism, with bradykinesia,
postural instability, and rest tremor all being described. However, given the cere-
bellar features on examination, FXTAS is more commonly mistaken for MSA
rather than PD (47).

Frontotemporal dementia with parkinsonism

Parkinsonism in frontotemporal dementia (FTD) is usually seen in the behavioral
variant, rather than in association with primary progressive aphasia, and can
develop either before or during the development of the classical FTD syndrome.
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It can closely mimic idiopathic PD or have features suggestive of PSP or CBS. It is
seen in association with underlying tau, TDP-43, or FUS pathology, as well as cor-
responding mutations in several genes, which include MAPT, PGRN, C9ORF72,
FUS, and TARDBP. Rigidity and bradykinesia tend to be the more prominent
parkinsonian features, with rest tremor occurring rarely. There is variable respon-
siveness to levodopa (48).

Neurodegeneration with brain iron accumulation

Neurodegeneration with brain iron accumulation (NBIA) patients present with a
progressive extrapyramidal syndrome associated with iron deposition in the basal
ganglia. The two main syndromes are outlined here, although there are additional
syndromes including neuroferritinopathy and aceruloplasminemia. The most
common of the NBIA disorders is pantothenate kinase-associated neurodegenera-
tion (PKAN), resulting from mutations on the PANK2 gene, accounting for 50%.
The classic syndrome manifests in early childhood with a combination of
pyramidal (spasticity, hyperreflexia) and extrapyramidal features (dystonia, par-
kinsonism). PKAN can also rarely present in early adulthood. There are typical
MRI findings, with a central hyperintensity with surrounding low signal on T2
images in the globus pallidus, giving the so-called eye-of-the-tiger sign (49).

The second main type of NBIA is PLA2G6-associated neurodegeneration
(PLAN). When onset occurs in infancy, PLAN causes progressive motor and men-
tal retardation with cerebellar ataxia, seizures, and pyramidal signs. However,
onset can occur later in life which leads to an atypical syndrome that may mimic
PD, with rest tremor, rigidity, and bradykinesia and a good response to levodopa.
However, patients also exhibit additional features including eye-movement abnor-
malities and pyramidal signs (49).

Mitochondrial disorders

Mutations in the POLG gene have also been linked with early onset parkinson-
ism (50). This gene is implicated in the synthesis and repair of mitochondrial DNA,
and a large number of clinical phenotypes are associated with its mutations. These
include progressive external ophthalmoplegia, ataxia, and peripheral neuropathy.
However, parkinsonism can also occur with bradykinesia and rigidity. This has
been described as atypical for idiopathic PD, involving a symmetrical distribution
with a postural (not rest) tremor and a poor response to levodopa (51).

Idiopathic basal ganglia calcification

This is a heterogenous disease associated with mineral deposition in the basal
ganglia, as well as in other brain structures. There is a strong familial component,
with causative mutations identified in SCL20A2 and PDGFRB. Patients commonly
have a movement disorder, with parkinsonian features of akinesia and rigidity
which show a variable response to levodopa. Other features include cognitive
impairment, gait disorder, pyramidal signs, and a psychiatric presentation.
Imaging is crucial in diagnosis to identify the areas of calcification, with CT imag-
ing being more useful than MRI (52).
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TREMOR DISORDERS

Tremor remains the most well-known feature of PD, among both health profes-
sionals and the general public. This is despite the fact that a proportion of patients
with PD will never develop a tremor. In some, however, it is the first reported
symptom; therefore, it is important to distinguish the resting tremor of PD from
other causes of tremor.

Essential tremor

Essential tremor (ET) is common, with an increasing incidence with age, although
it may develop at any age from childhood. It typically progresses slowly until later
in life. The neuropathological basis of this tremor is unknown, although there is a
strong familial component. People with ET often don't present to a clinician unless
there is also a concern about PD or the tremor is very disabling (53).

This tremor is typically present in both upper limbs and occurs on action,
either while holding a sustained posture or while performing a voluntary
movement. Patients commonly notice the tremor while performing actions such
as writing or holding a cup. The tremor may improve with small amounts of alco-
hol and, as with all tremors, it gets worse with anxiety, illness, or tiredness. Tremor
can also occur in other locations, such as the lower limbs, head, and it can affect
the voice. For diagnosis, there should be at least a 3-year history and no other
neurological signs. There is evidence that ET is a more heterogenous syndrome,
including the presence of soft neurological signs in some patients; yet, currently
there is no consensus regarding the inclusion of these signs in the diagnosis (8).

ET is easy to differentiate from the classical rest tremor of PD; however, some
patients with PD also have a postural-action tremor. It is also important to note
that cogwheeling rigidity is common with any tremor syndrome, including ET.
Furthermore, a re-emergent tremor is also a feature of PD, which is visible several
seconds following maintaining a posture (7). In cases where there is difficulty in
distinguishing ET from PD, particularly in tremor-dominant, slowly progressive
forms, a DaTSCAN can be useful, as it is normal in ET.

Dystonic tremor

Another common cause of tremor presenting to neurology services is dystonic
tremor. This is a tremor occurring in a part of the body affected by dystonia.
Therefore, when assessing someone with tremor, it is key to look for the presence
of an abnormal posture, which may be subtle. The tremor is caused by rhythmic
muscle contractions, often inconstant and described as “jerky.” It is exacerbated
by attempts to maintain a normal posture. For example, dystonic tremor com-
monly occurs with cervical dystonia, causing a dystonic head tremor, which may
include upper limb involvement. Another clue to the presence of dystonia is look-
ing for a “geste antagoniste,” a voluntary movement that corrects the dystonic
posture (8, 54).

Where there is diagnostic doubt, as with ET, DaTSCAN is normal. The treat-
ment of choice is typically with local Botox injection.
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NON-NEUROLOGICAL DIFFERENTIALS OF
PARKINSON'’S DISEASE

As described at the beginning of the chapter, PD is a heterogenous condition, with
a range of non-motor features as well as the motor syndrome of parkinsonism. It
has been shown that in approximately 20% of patients, the non-motor symptom
is the presenting feature (55). With this range of potential symptoms, PD also
commonly presents to specialties other than neurology, notably rheumatology and
psychiatry.

Arthritis

Pain has been shown to be one of the most common non-motor symptom at pre-
sentation in PD, and so, a patient’s initial referral is often to a rheumatologist or
orthopedic surgeon. Pain is usually related to the affected motor side and, together
with the associated rigidity, can resemble a stiff joint. Frozen shoulder, degenera-
tive spinal disease, and osteoarthritis are some of the most common initial diag-
noses in cases that later are revised to be PD. These misdiagnoses have also been
shown to be related to unnecessary procedures, including steroid injections and
spinal surgery (55, 56).

Furthermore, rheumatological disease can also resemble PD, and it is possible
for someone with a primary underlying polyarthropathy to be mistaken as having
PD. Joint stiffness can mimic the rigidity and can make it difficult during clinical
examination to distinguish it from the bradykinesia of PD. To help to separate
these conditions, it is key to look for decrement on the examination of bradyki-
nesia, which is specific for PD, and to explore other supportive features and dis-
ease progression in the history. Finally, it is also important to remember that PD
patients can develop musculoskeletal disorders secondary to parkinsonian brady-
kinesia and rigidity (57).

Depression

Depression is common in PD, affecting up to an estimated 40% patients, and can
pre-date the motor syndrome (4). The two conditions therefore commonly coex-
ist, but equally they can be mistaken for each other. The psychomotor slowing in
depression can mimic the bradykinesia of PD and vice versa. For example, the
lack of facial expression and flat affect in depression can be confused with the
hypomimia of PD. They also share multiple comorbid features; both depression
and PD are associated with sleep disturbance, anxiety, fatigue, apathy, and poor
concentration (58).

Obsessional slowness

This is a rare motor presentation of obsessive—compulsive disorder, which can mimic
PD. The motor slowness of obsessional slowness (OS) is not related to the obsessions
and compulsive rituals of OCD, but is instead a separate phenomenon, although
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occurring in patients who commonly have the classic features of OCD. Patients
exhibit slowness of movement, poor speech production and have difficulty in initiat-
ing voluntary actions. However, the motor slowness does not display the decrement
during repetitive actions which is seen in PD, and DATScan is normal. Motor speed
can equally appear normal for reflexive actions or in times of stress (59).

Psychogenic parkinsonism

Like other psychogenic movement disorders, the etiology of psychogenic parkin-
sonism (PP) is presumed to be a conversion or somatoform disorder, without
conscious awareness or control. It can occur, but not exclusively, in the presence
of other psychological or psychiatric disorders, and stress plays a role in most by
precipitating, maintaining, and exacerbating symptoms.

A positive diagnosis is made by the identification of clinical features. The slow-
ness of PP is effortful, without decrement, and improves with distraction, as does
the rigidity, which is felt as an active resistance against passive movement. The
tremor has a number of features which are not typical of PD; it tends to start
abruptly; it has a variable frequency, direction, and distribution; and it also
improves with distraction. Testing for postural stability may be helpful, as patients
commonly have bizarre or exaggerated responses, without falling. Finally, there
may be other clinical features of functional neurological disorders, such as “give-
way” weakness, a positive Hoover’s sign, or non-anatomical sensory loss (60).

CONCLUSION

Parkinson’s disease is a clinical diagnosis, the accuracy of which, as in much of
neurology, relies on a detailed history and thorough examination. The certainty of
this diagnosis improves following a positive response to treatment and a clinical
picture of steady symptomatic decline when the patient is seen in subsequent
appointments. The differential diagnosis of PD outlined here is broad, with many
rare causes of parkinsonism. It is certainly not appropriate to investigate all cases
of PD, but it is critical to keep an open mind regarding unusual features which
may lead you to consider one of these differentials.
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