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Several features of Robert’s cond
sonian tremor. This type of tremo
metric and most evident at rest Series Editors
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• Tremor is a common clinical problem in middle-aged 
and older patients, and Parkinson disease (PD) is one of 
the commonest causes.

• Careful history-taking and physical examination is 
usually sufficient for diagnosis of PD; extensive 
investigation is generally not required.

• Treatment of PD should be individualised, taking into 
account the patient’s age, lifestyle, severity of motor 
symptoms, level of disability, comorbidities, 
expectations of treatment and PD subtype (eg, akinetic 
rigid or tremor dominant).

• In PD, optimal medical therapy often involves a 
combination of dopaminergic medications, aiming for 
doses that provide adequate symptom relief without 
adverse effects such as dyskinesias and impulse-
control disorders.

• Continuous dopaminergic stimulation and deep brain 
stimulation should be considered for patients with PD 
whose motor symptoms cannot be adequately 
controlled with oral medication, especially those aged 
less than 70 years.

Summary
Robert’s story

Robert is a 66-year-old man who presented to his general 
practitioner with a 6-month history of tremor in his left 
hand. He had noticed the tremor most while at rest and it 
was not particularly evident when he used the hand. He 
had, however, noticed that his hand was becoming less 
dextrous and he had been having trouble doing up buttons. 
The tremor was more evident while he was nervous or 
under pressure. He had also noticed some difficulty getting 
in and out of his car and turning over in bed. His wife 
commented that, over the previous 2 years, his posture had 
become more stooped.

On specific questioning, Robert reported that his sense of 
smell had been reduced for several years. His wife reported 
that he had been having unsettled sleep with vivid dreams, 
during which he would call out and thrash about. He had 
unwittingly hit her during some of these dreams.

On examination, Robert had a rather immobile face, with 
little spontaneous blinking. When he walked, there was 
noticeable asymmetry in his arm swing and tremor became 
evident in his non-swinging left arm. When he turned, he 
tended to stop and take several steps, with his shoulders 
and hips staying in the same plane during the turn. When 
he sat down, the tremor appeared in his left hand after a 
few seconds. He had a mild increase in muscle tone in his 
left upper limb that was consistent throughout the range of 
movement (“lead-pipe rigidity”) with superimposed regular 
variations (“cogwheel rigidity”). When he tapped his left 
fingers repetitively, the initial movements were relatively 
normal, but the movements then broke down into small 
amplitude movements that appeared clumsy and effortful. 
His eye movements were normal. He had normal strength, 
his tendon reflexes were symmetrical and normal, and he 
had flexor plantar responses. Results of a sensory 
examination were normal. His blood pressure was 170/
90 mmHg lying and 150/80 mmHg standing.

APPROACH TO THE PROBLEM

Tremor is a common symptom in middle-aged and older
patients. The differential diagnoses include primary neuro-
logical disorders, the commonest of which are essential
tremor (ET), Parkinson disease (PD) and tremor induced
by other medical conditions or medications (Box 1). In
Robert’s case, a number of additional features indicate a
likely diagnosis of PD (Box 2).

nt disorder

ition are typical of parkin-
r is characteristically asym-
but may also persist (albeit

usually at lesser amplitude) when the affected limb is
elevated against gravity. Parkinsonian tremor typically
diminishes or disappears during limb movement, such as a

finger-to-nose test, or on changing posture; it then reap-
pears after a short interval (re-emergent tremor). It is thus
known as a rest, postural and re-emergent tremor. Parkinso-
nian tremor is characteristically evident in the affected arm
during walking. An asymmetric rest tremor and good
response to levodopa are the most specific diagnostic fea-
tures of pathologically proven PD, although about 30% of
patients with PD do not have tremor at presentation.
Patients without tremor usually present with symptoms of
bradykinesia.

By contrast, the tremor of ET affects both upper limbs
more or less symmetrically and is a postural and action
(kinetic) tremor — present when the limb is elevated
against gravity and during movement, and absent or
diminishing at rest. While the tremor of ET can be
asymmetric, it is not unilateral, as is typically the case in
early PD. Tremor of the head and voice are common in ET
but not in PD; in PD, lip, chin or tongue tremor may be
seen.

The distinction between PD and ET is not always
straightforward. Patients with the tremor-dominant sub-
type of PD, which has a coarse resting tremor, are often
misdiagnosed as having ET. In tremor-dominant PD, the
clinical course is benign; there is little motor disability,
rigidity or bradykinesia, and the tremor is relatively unre-
sponsive to levodopa (depriving the clinician of one of the
key features that aids accurate diagnosis). Diagnosis of PD
is aided by clinical features additional to those described
447MJA 196 (7) · 16 April 2012
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above, such as the presence of facial hypomimia or asym-
metric arm swing when walking.

Another cause of upper limb tremor, which is less
common than PD and ET, is adult-onset dystonic tremor.
As in PD, dystonic tremor may be unilateral or asymmetric,
and may occur at rest, during certain postures and during
action. Helpful pointers to a diagnosis of dystonic tremor
are position specificity or task specificity and other dys-
tonic features such as abnormal posturing of the affected
limb. Also, patients with dystonic tremor lack other fea-
tures of PD, such as decremental bradykinesia, hyposmia
and rapid-eye-movement sleep behaviour disorder
(RBD).1,2

Other motor symptoms
Clinicians should enquire about symptoms of bradykinesia
affecting the limbs, such as difficulty with repetitive or
rotatory movements (eg, brushing teeth, washing hair) and
with fine, coordinated movements (eg, handwriting, doing
up buttons). It is also useful to ask about symptoms
suggesting disordered axial movements, such as difficulty
rising from a chair, getting out of a car or turning over in
bed. These symptoms strongly suggest a parkinsonian
disorder. In addition to tremor, the core clinical diagnostic
features on examination include reduced spontaneous
facial movement and blinking, giving a staring expression.
Muscle tone is increased in the limbs and trunk. Bradyki-
nesia is evident as a decrement in the amplitude of
repetitive finger-tapping movements. A hypokinetic gait
with short steps and reduced arm swing on the affected
side may also be seen. Resting tremor may reappear in the
affected upper limb during walking.

Certain red flags in the patient history and examination
(Box 3) should raise doubt about the diagnosis of PD and
suggest an alternative diagnosis such as multiple system
atrophy or progressive supranuclear palsy (Box 4). The
presence of such red flags should prompt referral to a
neurologist for further assessment and investigation.

Non-motor symptoms
Non-motor symptoms are important for diagnosing a
patient with tremor. It is common for non-motor symp-
toms — including constipation, sexual dysfunction, RBD,
hyposmia, depression and anxiety — to predate the motor
symptoms of PD. They may also constitute an important
cause of disability in their own right.

RBD is characterised by the loss of normal muscle atonia
during rapid-eye-movement sleep, causing the patient to
“act out” dreams, which can lead to movements that injure
the patient and their bed partner. At least 40% of patients
with idiopathic RBD develop a neurodegenerative disorder
at a mean interval of 11–12 years after onset of RBD.4,5 This
is most commonly PD, multiple system atrophy or demen-
tia with Lewy bodies (synucleinopathies).

Other questions to ask a patient with tremor

History-taking should also cover whether the patient has
noticed a response of the tremor to alcohol. ET, especially
when it is relatively mild, commonly lessens after alcohol
intake, whereas this response is not seen in PD. Dystonic
tremor may also be alcohol-responsive.1

Patients with tremor should also be asked whether they
have a family history of tremor, which is present in at least
60% of cases of ET. However, a family history of tremor
does not definitively distinguish ET from PD, as sporadic
ET is common and PD may be familial.

Role of imaging

The diagnosis of PD is clinical. It is based on the presence
of typical symptoms and signs, response to therapy and
exclusion of other causes. In patients with typical clinical
features and no red flags, cerebral imaging is not required.
In patients with red flags that are atypical of PD, magnetic
resonance imaging (MRI) of the brain should be used to
look for radiological evidence of conditions such as multi-
ple system atrophy, progressive supranuclear palsy and
vascular parkinsonism.

MANAGEMENT

When to start treatment

None of the currently available medications for PD have
been unequivocally shown to delay progression of the
disease. For this reason, treatment for PD has traditionally
been deferred until symptoms affect the patient’s quality of
life, although this is currently being challenged by argu-
ments in favour of earlier symptomatic treatment.

Clinical, imaging and neuropathological data suggest
that the rate of progression of PD is faster in early disease
than in late disease.6,7 Early dopaminergic treatment of PD
is postulated to reduce the basal ganglia dysfunction that is
associated with worsening motor symptoms.8 Some stud-
ies have suggested that early treatment with levodopa,
dopamine agonists (eg, ropinirole, pramipexole) and the
monoamine oxidase inhibitor rasagiline may have benefi-
cial disease-modifying effects.9-12

There is accumulating evidence for the benefits of exer-
cise and physical therapy in PD. In two recent studies,
patients with PD who participated in a physical exercise
program for 3–6 months exhibited benefits in executive
cognitive function compared with controls.13,14 In addition,
physical therapy may improve axial motor function, includ-
ing balance, posture and gait, by an exercise-induced
increase in endogenous dopamine release.15 Accordingly,
patients with PD should be encouraged to engage in
regular physical exercise.

Choice of initial symptomatic treatment

Initial symptomatic treatment should be individualised,
taking into account the patient’s age, lifestyle, severity of
motor symptoms, level of disability, comorbidities and
expectations of treatment. In addition, the subtype and
clinical expression of PD (eg, young onset, tremor domi-
nant, akinetic rigid, or postural instability and gait disorder
in older patients) may influence the initial approach to
therapy. Two or three consultations may be needed to
discuss all these points before making a decision about
initial symptomatic treatment.

Levodopa with a dopa decarboxylase inhibitor (levodopa
plus carbidopa or levodopa plus benserazide) is the most
potent and effective drug therapy for the treatment of motor
MJA 196 (7) · 16 April 2012448
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symptoms of PD (grade A evidence), and virtually all
patients will require levodopa eventually. Nevertheless, ini-
tial therapy for PD has been a topic of vigorous debate in
recent years. This has been prompted by concerns that most
patients treated with levodopa will develop fluctuations in
their motor response to levodopa after several years. The
patient may notice a decline in motor benefit several hours
after a dose of levodopa has been taken, which is known as
the “end-of-dose” or “wearing-off” phenomenon. Around
the same time, choreiform involuntary movements com-
monly emerge 1–2 hours after levodopa intake (peak-dose
dyskinesias). Motor fluctuations and dyskinesias are
believed to result from the declining capacity of the striatum
to store dopamine in the dwindling population of pre-
synaptic nigrostriatal neurones and the short plasma half-
life of levodopa providing pulsatile (non-physiological)
stimulation of striatal dopamine receptors. Younger patients
(less than 60 years at diagnosis) are at greater risk of
developing severe motor fluctuations,16 which may relate to
a longer disease duration with greater depletion of nigrostri-
atal neurones and the tendency of younger patients to use
large doses of medication. Concern has also been expressed
that levodopa is toxic and that it loses efficacy over time,
although there is no evidence to support either view.17

Finally, early treatment with dopamine agonists (as mono-
therapy or combined with levodopa) is associated with a
lower incidence of motor fluctuations and dyskinesias in the
short and medium term compared with levodopa mono-
therapy (grade A evidence). Long-term motor function,
however, does not appear to be influenced significantly by
initial treatment.18

Owing to the lower short- and medium-term risk of
motor fluctuations, a dopamine agonist is preferred as initial
treatment for patients who are younger than 70 years, with
the later addition of levodopa as demanded by symptoms
(usually within 2 years). In older patients, levodopa is often
the better choice for initial treatment, because of the greater
risk of adverse effects from dopamine agonists in older
patients (eg, postural hypotension, delirium and hallucina-
tions) and the greater improvement in motor function from
levodopa. Levodopa should be introduced slowly and used
at the lowest effective dose. Because motor improvement
after starting levodopa therapy may evolve over several

weeks, further assessment and any dose increases should
occur after a minimum of about 3 months. Frequent changes
to timing of medication and dose should be avoided and
extra doses should be discouraged. Motor fluctuations and
dyskinesias are more common when levodopa doses exceed
500–600mg/day10 and it is noteworthy that the published
incidence of motor fluctuations is derived from studies con-
ducted in an era when higher doses of levodopa were
commonly used. Accordingly, it is desirable to keep the dose
of levodopa less than 600mg/day for as long as possible. In
practice, this means using a combination of a dopamine
agonist and levodopa, and keeping the doses of both as low
as practicable. It is possible that the incidence of severe
motor fluctuations will be lower in the future, as lower
levodopa dose regimens become more commonly used.

Complications of drug therapy

Adverse effects are an important consideration in the
selection of treatment for early PD.

Postural hypotension, delirium and drowsiness
All dopaminergic medications can cause dose-dependent
nausea, postural hypotension, delirium and drowsiness.
These are more common with dopamine agonists than
with levodopa and limit the dose that can be used.

Behavioural disturbances
Recently, attention has been focused on the behavioural
disturbances that occur in up to 15% of patients with PD
who are treated with high doses of dopaminergic medica-
tions.19,20 The most common are impulse-control disor-
ders, which include pathological gambling, hypersexuality,
compulsive buying and binge eating. The risk of these is
increased in patients treated with dopamine agonists,
either alone or in combination with levodopa.

Punding
Punding is a striking complication of dopaminergic ther-
apy. It refers to the performance of repetitive and purpose-
less motor behaviour, such as collecting and rearranging

2 Pointers to a likely diagnosis of Parkinson disease in a 
patient with upper limb tremor

• History of hyposmia
• Unilateral tremor, 

rigidity and bradykinesia

• When walking, reduced arm 
swing and persistence or 
emergence of arm tremor on 
more symptomatic side

• History of vocalisation 
and violent movement 
during dreams, 
suggesting rapid-eye-
movement sleep 
behaviour disorder

1 Differential diagnoses of tremor, and situations in which 
these occur

• Parkinsonian tremor (rest, postural, re-emergent)
• Essential tremor (postural, action)
• Drug-induced tremor, which can be caused by valproate, 

antidepressants, antipsychotics, antiemetics, lithium, 
corticosteroids, cyclosporine, adrenergic agents, 
theophylline and caffeine

• Dystonic tremor (postural, action, rest, task-specific)
• Cerebellar (postural, action, intention)
• Holmes (midbrain or rubral) tremor (rest, postural, action, 

intention)
• Fragile X-associated tremor ataxia syndrome (rest, 

postural, action, intention)
• Drug withdrawal
• Thyrotoxicosis
• Hypoglycaemia
• Metabolic encephalopathies
• Psychogenic tremor ◆
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objects and dismantling and reassembling equipment.
Over-indulgence in hobbies — including internet use for
excessive periods and at the expense of sleep, meals and
other daily activities — also constitutes a form of punding.
The incidence of punding in patients with PD is unclear,
but it is thought to be less common than impulse-control
disorders.19 Patients who begin dopaminergic therapy
(especially dopamine agonist therapy) should be warned
about the risk of impulsive and compulsive behaviour, and
both they and their families should be asked to report any
evidence of such behaviour.

Dopamine dysregulation syndrome
Another complication of dopaminergic therapy is
dopamine dysregulation syndrome (DDS), which refers to
the habitual use of dopaminergic medications at doses in
excess of those prescribed and necessary for the treatment
of motor symptoms. It appears to be less common than
impulse-control disorders, occurring in about 4% of
patients treated for PD.19 In patients with DDS, medication
use seems to be dictated more by the mood elevation
caused by medication and a desire to avoid the dysphoric
effects of declining medication levels in “off” periods (ie,
periods when PD symptoms are not adequately controlled)
rather than by motor function.

Fibrotic reactions
Where possible, non-ergot dopamine agonists (eg, prami-
pexole, rotigotine) should be prescribed in preference to
ergot agents (eg, bromocriptine, pergolide, cabergoline),
because of the small risk of fibrotic reactions (eg, pleuro-
pulmonary, retroperitoneal and cardiac valve fibrosis)
associated with the latter.

Treatment of motor fluctuations and dyskinesias

In patients being treated with levodopa, wearing-off
symptoms are usually managed by combining levodopa
with additional dopaminergic medications, such as a
catechol-O-methyltransferase inhibitor (eg, entacapone),
dopamine agonist or a monoamine oxidase B inhibitor (eg,
selegiline) (grade A evidence for all three). Slow-release
levodopa preparations taken at bedtime may be useful for
the treatment of wearing-off symptoms that occur over-
night and on waking, but these have proven disappointing
for daytime use because of variable absorption. Dividing
the daily levodopa dose into smaller, more frequent aliq-
uots and/or use of dispersible levodopa formulations may
hasten absorption and assist with the relief of wearing-off
symptoms. Apomorphine, an injectable dopamine agonist,
can be given intermittently by subcutaneous injection for
the relief of disabling off periods.

When the motor response to medication is suboptimal,
patients can be advised to avoid taking medication with
protein-containing meals, as amino acids compete with
levodopa for transport across the blood–brain barrier.

Additional treatment options for patients with severe 
motor fluctuations and dyskinesias

For most patients with PD, a well tailored oral medication
regimen provides adequate control of motor symptoms.
The aim is to provide a regular, stable and continuous level
of dopaminergic stimulation with as few changes as possi-
ble, avoiding booster doses. However, if motor fluctuations
and dyskinesias become severe, or if oral medications are
poorly tolerated, there are a number of other options,
including continuous dopaminergic stimulation and deep
brain stimulation.

Continuous dopaminergic stimulation
Options for continuous dopaminergic stimulation are apo-
morphine infusion and levodopa–carbidopa enteral gel
infusion. Apomorphine infusion produces a substantial
reduction in daily off time and a reduction in severity of
dyskinesias (grade C evidence).21 Reduction in dyskinesias
is particularly marked in patients for whom levodopa
therapy is reduced or ceased.21 In one study, 70% of
patients with PD who were commenced on apomorphine
infusion were able to have other dopaminergic medica-
tions withdrawn and be managed with apomorphine
monotherapy long term.21 However, another study
reported a much lower rate (3%) of achieving apomor-
phine monotherapy and a discontinuation rate of 40%
(due, in many cases, to adverse effects such as skin
reactions, sedation and confusion).22

Infusion of levodopa–carbidopa intestinal gel directly into
the jejunum produces more stable plasma levodopa levels
than intermittent oral dosing.23 Intestinal levodopa infusion
also leads to a significant reduction in off time, with either
stable or reduced levels of dyskinesia (grade B evidence).24

Levodopa–carbidopa intestinal gel infusion is commenced
in the inpatient setting, with a nasoduodenal tube, and the
infusion rate is titrated according to therapeutic need. When
the optimal motor response is achieved, a percutaneous
gastrostomy tube with an inner jejunal tube is inserted for
ongoing infusion. Patients receiving apomorphine and
intestinal levodopa–carbidopa infusion need to be managed
in a specialist PD clinic by an experienced multidisciplinary
team, including a specialist PD nurse.

Deep brain stimulation
Deep brain stimulation of either the subthalamic nucleus or
globus pallidus interna has an established role in the man-
agement of PD. Patients who have an excellent motor benefit
from levodopa, but who have developed motor fluctuations
and dyskinesias from long-term use of levodopa, are good

4 Akinetic rigid syndromes to consider in a patient with 
parkinsonism and red flag features that are atypical of 
Parkinson disease

• Multiple system atrophy
• Progressive supranuclear palsy
• Corticobasal degeneration
• Dementia with Lewy bodies
• Frontal white matter ischaemia (Binswanger disease)
• Drug-induced parkinsonian tremor
• Toxicity (eg, manganese, carbon monoxide, MPTP 

[1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine])
• Prion disease ◆

3 Red flags that are atypical of Parkinson disease and that warrant investigation by 
a neurologist3

• Acute onset of symptoms
• Rapid progression of symptoms
• Early falls
• Symmetry of clinical signs

• Early autonomic symptoms
• Vertical gaze palsy
• Early cognitive impairment
• Poor response to levodopa ◆
MJA 196 (7) · 16 April 2012450
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FINAL 
DIAGNOSIS

Parkinson 
disease

FACT OR FICTION?

Fact: It is true that virtually all patients with Parkinson disease will 
require levodopa eventually.
Fiction: It is not true that levodopa is toxic and loses effectiveness over 
time in Parkinson disease. ◆
candidates for deep brain stimulation, as are those with
tremor that is refractory to medication. Deep brain stimula-
tion produces a significant reduction in off time and substan-
tially reduces tremor and dyskinesia (grade B evidence).25

The benefits of deep brain stimulation in reducing
tremor, off time, motor fluctuation and dyskinesia persist
at up to 10 years of follow-up.26,27 However, there is some
decline in objective measures of motor function with time.
This decline appears to be due primarily to progression in
domains of motor function that are not responsive to deep
brain stimulation, such as freezing of gait in the on-
medication state, postural instability and falls.26-28

Careful patient selection is critical to the success of deep
brain stimulation. Patients with significant mood disorders
or cognitive dysfunction do poorly. Severe postural insta-
bility, falls and freezing of gait in the on-medication state
are not typically alleviated following deep brain stimula-
tion and may in fact be made worse.28 Improvement in
quality of life following deep brain stimulation is signifi-
cantly greater in patients who are younger than 65 years
compared with older patients, despite a similar motor
benefit.29 This seems to be due to the greater incidence in
older patients of cognitive dysfunction, postural instability
and gait dysfunction.29 These problems are not reduced
following deep brain stimulation and are major contribu-
tors to poor quality of life.

Robert was diagnosed with PD at his first visit to a 
neurologist. Discussion focused on whether to commence 
medication immediately or wait until more disabling 
problems occurred. Robert felt that his symptoms were not 
sufficiently severe to commence regular medication 
immediately. He was encouraged to keep physically active 
and adopt a regular exercise program. He was also 
encouraged to make contact with his local PD association, 
for information and support. For reputable and evidence-
based information about PD, the WE MOVE website (http://
www.wemove.org/par), affiliated with the international 
Movement Disorder Society, was recommended.

Six months later, Robert felt that his condition had 
deteriorated and wanted to commence treatment. 
Pramipexole extended release was prescribed by his 
neurologist, starting with 0.375 mg daily and increasing to 
0.75 mg daily after 1 month. At a subsequent review, he 
reported a significant reduction in the tremor. The only 
adverse effect that he reported was a possible mild 
increase in drowsiness. He did not report any symptoms of 
impulse-control dysfunction.

One year after commencing pramipexole (and 18 months 
after after his first visit), Robert reported that his tremor was 
becoming worse. He had also noticed worsening manual 
dexterity with his left hand, slowing of his walking and 
greater difficulty rising from a chair and turning over in bed. 
Levodopa–carbidopa (100 mg levodopa plus 25 mg 
carbidopa, three times daily) was added to the pramipexole 
regimen, with a beneficial effect on these symptoms.

One year later (two and a half years after his first visit), 
Robert reported that he had noticed that the benefit from 
the levodopa–carbidopa tablets tended to wear off well 
before the next dose was due. His therapy was therefore 
changed from levodopa–carbidopa to levodopa–
carbidopa–entacapone (100 mg levodopa plus 25 mg 
carbidopa plus 200 mg entacapone, three times daily), 
which resulted in a significant improvement in his condition. 
His pramipexole therapy was continued. He is being 
followed up by his neurologist every 6 months.
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