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Parkinson’s disease is characterized by the
triad of tremor, akinesia and rigidity. At onset,

just one symptom may appear, which is usually
unilateral resting tremor of an extremity (e.g.,the
hand). This is followed by the appearance of other
parts of the triad. Akinesia is evident in patients
who are slow in performing movements. Rigidity
is also obvious in a patient’s movements, but is
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particularly noted when the examiner exerts pas-
sive movement on the members. The examiner
will notice resistance, punctuated by rhythmic
contractions of the limb (generally the wrist),
known as the cogwheel phenomenon.

Epidemiology
Incidence or prevalence
More than one million North Americans suffer
from Parkinson’s disease,1,2and it is a major cause
of morbidity due to its chronic and progressive
nature. Although the illness itself is not life threat-
ening, it affects patients’ quality of life and daily
activities. It often limits their ability to hold stable
employment.

The illness often appears in patients who are in
their 50s, and its incidence increases with age.
There are, however, juvenile forms of the disorder,
and a substantial number of patients present with
it in their 40s and even 30s.

Etiology
In most cases, Parkinson’s disease is said to be
idiopathic, but recent observations have indicated
certain avenues to explore, which are reviewed
below. 

Pathology
The fundamental lesion in Parkinson’s disease is
located in the brain stem and, more specifically, in
the substantia nigra. This group of neurons pro-
duces dopamine, which is distributed and released,
not only in the brain stem, but in the telencephalic
structures (basal ganglia), and particularly in the
striatum, which is composed of the caudate nucle-
us and putamen. Degeneration of the neurons can
be seen microscopically. Inclusions (Lewy bodies)
are also visible in the degenerating neurons. The
inclusions are largely composed of an aggregate of
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The most important distinction to be
made in the differential diagnosis

concerns essential tremor. This often
affects the head, and is rare in

Parkinson’s disease.



abnormal proteins and, in particular, alpha-synu-
clein and ubiquitin, which seem to be responsible
for the neurons dying. Management or prevention
of the disorder, therefore, should logically involve
the prevention or elimination of these inclusions
that result in neuronal death.3

Genetics
Alpha-synuclein has been found and identified in
a relatively rare, familial form of Parkinson’s dis-
ease in southern Italy and Greece.3 We now know,
however, that it is present in so-called idiopathic
cases of Parkinson’s, and that these aggregates
play an important role in most cases of the disease.

Another familial form of Parkinson’s disease
has recently been described. It has an early onset
(often juvenile) and responds well to levodopa,
but motor complications, particularly dyskinesia,
appear rapidly. A gene abnormality and the pro-
duction of an abnormal protein—the parkin pro-
tein—have been identified in this type of
Parkinson’s.4 There are, in fact, several varieties
of parkin, corresponding to various clinical differ-
ences. It is, therefore, important to find familial
forms of the disorder. Such findings would teach
the medical community a great deal about the
causes and mechanisms of neuron death, and,
therefore, point to ways of counteracting the
pathological process.

Environmental or Toxic Cause
The discovery, 20 years ago, of a cohort of patients
who had developed Parkinson’s syndrome follow-
ing the administration of certain meperidine deriva-
tives (i.e., 1-methyl-4-phenyl-1,2,3, 6-tetra-
hydropyridine [MPTP]),5 raised the possibility that
there may be a toxic cause for Parkinson’s disease.
Since the toxicity mechanism of MPTP is inhibition
of mitochondrial-1 complex or, in other words, the
breathing and the energy mechanism of the neu-

ron,6 a search was conducted for products that were
fairly widely distributed and had these same prop-
erties in order to explain the relatively high preva-
lence of Parkinson’s disease. A number of insecti-
cides and pesticides do indeed have this mecha-
nism, and they were immediately suspect. Professor
André Barbeau of Montreal noted a higher inci-
dence of Parkinson’s in rural areas where more pes-
ticides and insecticides are presumably used.7

Recently, investigators have managed to repro-
duce a progressive Parkinson syndrome in rats by
prolonged infusion of the natural pesticide,
rotenone.8 An interesting fact was that the brains
of affected animals contained protein aggregates
that strongly resembled Lewy bodies.

Another form of toxicity, more subtle but pos-
sibly more important in the etiology of idiopath-
ic Parkinson’s disease, is excitotoxicity.
According to this theory, glutamatergic afferents
in dopaminergic neurons might overstimulate the
target neurons for too long a period, resulting in
their death through exhaustion. Glutamatergic
afferents in the substantia nigra project from the
cerebral cortex and the subthalamic nucleus, pos-
sibly opening up therapeutic approaches, such as
the use of glutamatergic antagonists. A number of
preclinical and clinical experiments are now
under way to check this hypothesis, and a lengthy
observation will no doubt, be required because of
natural variations in the course of the disease. In
addition, glutamatergic antagonists, particularly
of the N-methyl-D-aspartate (NMDA) receptor,
have substantial side effects (e.g., hallucina-
tions). Amantadine, which is already being used
clinically in the management of Parkinson’s dis-
ease, could be useful in this context, as it is
already on the formulary, is an antagonist of glu-
tamatergic receptors and has a therapeutic effect
on Parkinson symptoms and even dyskinesia.9

Brief mention should also be made of metals,
particularly manganese and possibly iron which,
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if they accumulate in the brain, can cause a
Parkinson’s syndrome.

Infectious Agents
Von Economo’s encephalitis or Spanish influen-
za is certainly the best known of the infectious
causes of Parkinson’s disease. Although a similar

epidemic has not been experienced since 1918,
there certainly have been sporadic cases and
other poorly known types of encephalitis or
viruses with tropism for substantia nigra neurons.

Trauma
Severe or repeated trauma to the brain can lead to
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Table 1

Parkinson’s Disease Differential Diagnosis

Parkinsonism

Drugs

Vascular

Severe depression

Normal pressure hydrocephalus (axial)

Wilson’s disease

Progressive supranuclear ophthalmoplegia

Corticobasal degeneration

Essential tremor

Neuroleptics

Antidepressants

Antihypertensive agents

Arteriosclerotic leukoencephalopathy (axial)



a form of Parkinson’s disease. The best known
example is probably the case of the famous
American boxer, Mohammed Ali.

Differential Diagnosis
Table 1 provides an outline of the differential diag-
noses of Parkinson’s disease.

Drugs. Neuroleptics, particularly typical neu-
roleptics such as haloperidol, often cause
Parkinson’s syndrome, which is reversible when
patients stop taking the medication. Risperidone,
which is considered an atypical neuroleptic, can also
cause signs and symptoms that strongly resemble
Parkinson’s.

Antidepressants also can result in certain signs
and symptoms, such as bradykinesia, tremor and
mild cogwheel rigidity. It should be noted, however,
that depressed patients often appear rigid and have
little motor initiative. They also can present with
fine tremor in the extremities. Calcium-blocker anti-
hypertensive drugs can also be suspect.10

The most important distinction to be made con-
cerns essential tremor. This often affects the head,
and is rare in Parkinson’s disease. It is most obvious
in the hands when they are held in position or mov-
ing, whereas Parkinson’s tremor is mainly present
and obvious when resting.

Vascular. The arteriosclerotic process, apart from
acute accidents, which have a dramatic effect (e.g.,
hemiplegia), can cause leukoencephalopathy, visible
on a computed axial tomography (CAT) scan and
even more so with magnetic resonance imaging
(MRI). Clinically, the patient presents a mainly axial
Parkinson’s syndrome, in which the predominant
problems are gait and balance (retropulsion). This
picture strongly resembles normal pressure hydro-
cephalus (NPH), which can be confirmed by radio-
logic examination, and treated surgically.

Parkinson’s disease caused by a tumor or skull
trauma is rare.

Treatment

Neuroprotection and Medical Treatment
Ideally, treatment should be aimed at reversing, or
at least blocking, the degenerative process (Table
2). Several interesting avenues are now being seri-
ously studied in this connection. In particular,
there are studies based on the possible neurotoxic-
ity of glutamate, an excitatory neurotransmitter
that, in certain cases, can cause neurotoxicity and
neuron death, as mentioned above. Following this
logic, a double-blind trial of a glutamate receptor
antagonist and, more particularly, of the NMDA
receptor (e.g.,Riluzole) is now under way. These
agents however, are not totally free of side effects
(e.g., hallucinations). Trials are also being con-
ducted on  antioxidants and non-steroidal anti-
inflammatory drugs (NSAIDs), which are less
dangerous and easier to administer than glutamate
antagonists.

Surgery. Other approaches are based on replac-
ing degenerated cells with healthy cells from vari-
ous sources, such as human stem cells or substan-
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Table 2

Treatment

Neuroprotection and repair

Medical:

Glutamate blockers

Antioxidants

Anti-inflammatory agents

Surgery:

Graft of fetal cells

Graft of stem cells

Gene therapy GDNF

Immunophillin



tia nigra cells from human embryos and from pigs.
Despite optimistic reports, none of these tech-
niques has yet given sustained, conclusive results.

In addition, the need for immunosuppression is
also a limiting factor. Similarly, genetic therapy
involving the introduction of genes, either
dopamine synthesis or growth factors, such as
glial-derived neurotrophic factor (GDNF), or
immunophillins has, so far, not been conclusive.

Replacement or Symptomatic Treatment.
Current treatment involves replacing the lack of
dopamine, either with its precursor levodopa or a

direct agonist of the dopaminergic receptors.
Levodopa crosses the blood-brain barrier and con-
verts into dopamine in the brain.

Replacement treatment is the most potent
method so far.  However, two major complications
may arise in up to 80% of cases:
1. The response to the medication may wear off

(going from four to six hours when the drug is
first administered to one to two hours for the
same dosage).

2. The appearance of choreic or dystonic 
dyskinesia.
The latter generally occurs at the peak of the

clinical effect and at the top of the serum levodopa
curve. Patients usually do not complain of dyski-
netic movements, and generally far prefer this
condition to the period of akinesia that occurs
between the time that the effects of one dosage
wear off and the next take effect.

Levodopa can be potentiated and its duration
increased by dopamine degradation enzyme
inhibitors, such as selegiline, a monoamine oxi-
dase (MAO) inhibitor, or tolcapone and enta-
capone, which inhibit catecholamine O-methyl
transferase (COMT)—the other enzyme responsi-
ble for dopamine catabolism. These drugs length-
en response, but also increase dyskinesia. Once
again, patients generally accept this condition; it is
often the family that complains.

Direct agonists of dopaminergic receptors also
can be used. Most of these act on subtype D-2
receptors (as opposed to subtype D-1, which is
also a target for dopamine). They include
bromocriptine, pergolide, pramipexole and ropini-
role. Pergolide acts to some extent at D-1 receptor
sites, but bromocriptine acts more as an antagonist
of this receptor.

Tremor poses a particular problem in
Parkinson’s disease, and it often cannot be con-
trolled by dopaminergic replacement, levodopa or
dopaminergic agonists. In such cases, muscarinic
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Table 3

Treatment of Symptoms

Levodopa (with carbidopa or benserazide)

Dopamine degradation inhibitors

Selegiline MAO inhibitor

Tolcapone COMT inhibitor

Entacapone COMT inhibitor

Direct agonists of dopaminergic receptors

Bromocriptine D-2  receptor

Pergolide 1 and D-2
receptor

Pramipexole D-2  receptor

Ropinirole D-2 receptor

Anticholinergic agents

Trihexiphenidyl

Benztropine

Etopropazine

Orthostatism

Domperidone

Midodrine

Fludrocortisone



receptor anticholinergic agents are used. Their
virtues have been described by Charcot.11 They
are atropine derivatives, and a number of prepara-
tions exist. They are effective, but their peripheral
side effects (e.g., dry mouth, urinary or vision
problems, etc.) often make them unacceptable,
particularly in the elderly, who also may complain
of memory problems.

Longitudinal studies have shown that dopamin-
ergic agonists such as pergolide, ropinirole and
pramipexole can be used as drugs of choice, such
as levodopa. They are effective, but slightly more
difficult to titrate and manipulate. Conversely, if
used early in the disease, these medications may
substantially reduce the risk of the motor compli-
cations mentioned above (i.e., dyskinesia and
motor fluctuation) (Table 3).

Complications with Levodopa. When starting
levodopa or dopaminergic agonist therapy, the most
common side effects are nausea and orthostatic
hypotension. In most instances, they are transient
and tolerable. In more severe cases, domperidone
can be combined with levodopa. Severe, persistent
orthostatic hypotension, despite the use of domperi-
done, may indicate a more complex type of degen-
eration, known as multisystem degeneration.  This
is notoriously difficult to treat, because it involves
degeneration of the autonomic nervous system.
Impotence is also an indicator of this disease.

Over the mid- and long term, as mentioned
above, dyskinesia and fluctuations (i.e., the thera-
peutic response wearing off) are the problems
most often associated with levodopa. Young
patients are more susceptible to this type of prob-
lem. In addition, it is probable that they will have
to be treated for a longer period of time. These
patients require increasingly strong and frequent
doses of levodopa. Unfortunately, because of
desensitization, the response decreases (e.g.,toler-
ance, wearing-off, end-of-dose deterioration, etc).
At the same time, the quality of the response

changes, and peak dose dyskinesia (generally
choreic) appears with the desired motor effect.

Some patients present with dystonic, painful
dyskinesia at the beginning and end of the dose.
Although this phenomenon causes concern, it is
transient and the patient can feel better as the
effect of the levodopa peaks.

Dystonia may be the first sign of Parkinson’s
disease, and is probably a sign of incomplete
dopamine depletion.

Surgical treatment of symptoms. When med-
ical treatment does not provide an acceptable qual-
ity of life, a more aggressive intervention, such as
surgery, can be considered. This often has a dra-
matic effect, and, sometimes, the improvement is
so great that the patient believes to be cured.

Procedures performed include (Table 4):
1) Thalamotomy, which targets the thalamus and

is very effective against Parkinson tremor.
2) Pallidotomy (unilateral lesion of the internal

pallidum), which is very effective against dysk-
inesia and enables effective doses of levodopa
to be tolerated.

3) Subthalamic stimulator. This is the most dramat-
ic of the procedures, because some patients with
a stimulator on each side of the brain can be com-
pletely weaned off levodopa, at least for a certain
period of time. It should be noted that thalamus
stimulators can eliminate Parkinson’s tremor.
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Table 4

Surgical Treatment of Symptoms

• Thalamotomy (tremor)

• Pallidotomy (dyskinesia)

• Thalamic stimulator (tremor)

• Subthalamic stimulator (all Parkinson
symptoms)



Other problems. Orthostatism can be due to
the  prescribed medication. It is sometimes the
sign of more complex or multisystem degenera-
tion (e.g.,hypotension, vasomotor problems, uri-
nary problems, impotence). Orthostatism can be
relieved by domperidone (10 mg to 20 mg three
times daily [tid]) to start and, in severe cases,
midodrine can be used when the autonomic ner-
vous system is impaired.

Sleep. Insomnia may be due to a lack of med-
ication at night. Patients may also experience
nighttime cramps, discomfort and akathisia (a
motor restlessness that causes patients to keep
moving constantly and, therefore, interferes
greatly with sleep).

Insomnia also can be caused by selegiline, if it
is taken too late in the day.  It should not be taken
after midday.

A good solution to nighttime disturbances
caused by the fall in serum levodopa is one car-
bidopa/levodopa tablet (100 mg), crushed, with
water, if the patient wakes during the night and is
in distress. Relief is relatively fast using this
method.

Like most people, Parkinson’s patients often
experience hypersomnia after meals, however, it
is a little more intrusive than in normal cases.
There are more malignant forms called “sleep
attacks,” whereby patients suddenly fall asleep
while talking, eating or driving. Some patients
suffer greatly from this. All dopaminergic agents
can be responsible for this effect, but it seems that
high-dose dopaminergic agonists are more likely
to be involved. Patients who are susceptible to
this type of complication should be advised not to
drive or carry out dangerous tasks, such as han-
dling complicated machinery, working on scaf-
folding, etc.

Sleep attacks may, in part, be caused by broken
sleep during the night. They can be improved by
the use of certain stimulants, such as modafinil.
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